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DESCRIPTION 

 

Title of Invention 

POSITION DETECTION DEVICE, POSITION DETECTION SYSTE M, AND 

POSITION DETECTION METHOD 

 

Technical Field 

[0001] 

 The present invention relates to a position detect ion 

device, a position detection system, and a position  detection 

method. 

 

Background Art 

[0002] 

 Conventionally, a portable device, such as a vehic le 

navigation device, a cellular phone and a smart pho ne, is 

equipped with a position detection device including  a GPS 

(Global Positioning System) receiver, receives sign als from 

GPS satellites orbiting the earth, detects a curren t position, 

and outputs it on a screen or other. 

[0003] 

 However, when a vehicle or a person with the porta ble 

device goes through urban areas or mountainous regi ons, 

electromagnetic waves emitted from GPS satellites a rrive at 

the GPS receiver via various paths since the electr omagnetic 

waves are affected by shielding, reflection, diffra ction, 

dispersion or others due to structures such as tall  buildings, 
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trees, geographical features, etc. Thus, in urban a reas or 

mountainous regions, the position detection device is not 

able to output any current position precisely since  the GPS 

receiver is subject to multipath effect. 

[0004] 

 Then, it has been proposed to compensate the multi path 

effect in order to supply position detection device s, which 

are able to output current positions precisely (For  example, 

refer to Patent Documents 1 and 2). 

 

PRIOR ART DOCUMENT 

PATENT DOCUMENT 

[0005] 

 Patent Document 1: Japanese Patent Application Lai d-Open 

( kokai) No. 2005-195493 (JP 2005-195493 A) 

 Patent Document 2: Japanese Patent Application Lai d-Open 

( kokai) No. 2011-163817 (JP 2011-163817 A) 

 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0006] 

 However, the aforementioned conventional position 

detection devices usually output the current positi ons 

detected just based on the signals from GPS satelli tes, and 

output the compensated current positions after comp ensating 

the detected ones only when the existence of struct ure 

causing the multipath becomes clear based on map da ta. That 
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is, they assume that the current positions detected  based on 

the signals from GPS satellites are generally preci se as 

initial positions, and, if necessary, they compensa te the 

initial positions in order to eliminate the multipa th effect. 

[0007] 

  Therefore they are able to output precise current  

positions without the multipath effect when passing  by one 

tall building situating in a relatively open area, but not to 

output any precise current position even after comp ensating 

the initial positions when passing through places s uch as 

urban canyons with tall buildings, since the electr omagnetic 

waves emitted from GPS satellites are complicatedly  affected 

by numeral tall buildings and any assumption of gen erally 

precise initial positions being detected based on t he signals 

from GPS satellites is not granted. 

[0008] 

  An object of the present invention is to solve th e 

above-mentioned problems of the conventional positi on 

detection devices and to provide a position detecti on device, 

a position detection system, and a position detecti on method, 

which can determine and output stably precise curre nt 

positions at low cost in a short time even in envir onments 

where signals from positioning satellites are compl icatedly 

affected by structures, geographical features, etc.  
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Means for Solving Problems 

[0009] 

 Accordingly, the present invention provides a posi tion 

detection device comprising: a receiving unit recei ving 

signals from a positioning satellite, the receiving  unit 

calculating a pseudo range to the positioning satel lite based 

on the signals, and a positioning unit, the positio ning unit 

calculating an initial position based on the pseudo  range 

calculated by the receiving unit, the positioning u nit 

calculating the pseudo range to the positioning sat ellite at 

plural positions around the initial position using a three-

dimensional map data and a ray-tracing method, the 

positioning unit selecting candidate positions from  the 

plural positions based on the pseudo range, and the  

positioning unit deciding a current position based on the 

candidate positions within such a short distance fr om the 

initial position that predetermined conditions are satisfied.  

[0010] 

      In another position detection device, the plu ral 

positions are lattice points of a mesh set around t he initial 

position, the positioning unit sets the mesh, sets the 

lattice points as search points, calculates the pse udo range 

from each of the search points to each positioning satellite, 

as a search point pseudo range including a NLOS (No n-Line-of-

Sight)reflected path delay distance estimated by th e three-

dimensional map data and the ray-tracing method, ca lculates a 

reference position based on the search point pseudo  range, 
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and selects, as the candidate positions, the search  points of 

which distance between the reference position and t he initial 

position is equal to a threshold or less.  

[0011] 

 In yet another position detection device, the 

positioning unit sets the mesh around the selected candidate 

position, and repeats setting the search points, ca lculating 

the search point pseudo range, calculating the refe rence 

position, and selecting the candidate positions. 

[0012] 

In yet another position detection device, when the 

number of the candidate position selected is less t han a 

predetermined number, the positioning unit decides the 

candidate position of the shortest distance from th e initial 

position as the current position, and, when the num ber of the 

candidate position selected is equal to the predete rmined 

number or more, the positioning unit selects again the 

candidate position of the distance from the initial  position 

equal to the threshold or less, and decides the cur rent 

position by calculating an average weighted with an  inverse 

of the distance from the initial position with rega rd to the 

candidate position selected again. 

[0013] 

 In yet another position detection device, the plur al 

positions are positions set randomly around the ini tial 

position, the positioning unit sets the plural posi tions as 

search points, calculates the pseudo range from eac h of the 
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search points to each positioning satellite, as a s earch 

point pseudo range including a NLOS reflected path delay 

distance estimated by the three-dimensional map dat a and the 

ray-tracing method, selects the candidate positions  based on 

the search point pseudo range, adopts a value based  on the 

distance between the candidate position and the ini tial 

position as a likelihood, and decides a weighted av erage 

corresponding to the likelihood of the candidate po sition as 

the current position.  

[0014] 

 In yet another position detection device, the 

positioning unit calculates the pseudo range from e ach search 

point to each positioning satellite, as a search po int pseudo 

range including a NLOS reflected path delay distanc e 

estimated by the three-dimensional map data and the  ray-

tracing method, and selects, as the candidate posit ions, the 

search points of high similarity between a set of t he search 

point pseudo ranges and a set of the pseudo range c alculated 

by the receiving unit. 

[0015] 

In yet another position detection device, the 

positioning unit further adds a similarity between a set of 

the search point pseudo ranges and a set of the pse udo range 

calculated by the receiving unit to criteria for se lecting 

the candidate positions.  

[0016] 

 In yet another position detection device, the 
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positioning unit has a position calculation part ca lculating 

the initial position, a circumference search part s earching 

the plural positions, a candidate position selectin g part 

selecting the candidate positions, and a current po sition 

deciding part deciding the current position. 

[0017] 

 In yet another position detection device, in case that 

a signal propagation from the positioning satellite  goes 

through a fixed range from edges of a structure inc luded in 

the three-dimensional map data, the position detect ion device 

presumes a case that the signal propagation is LOS (Line-of-

Sight) and a case that the signal propagation is NL OS, 

calculates the pseudo range to the positioning sate llite in 

both cases, and selects a likelier one from LOS and  NLOS. 

[0018] 

 In yet another position detection device, in case that 

a signal propagation from the positioning satellite  goes 

through a fixed range from edges of a structure inc luded in 

the three-dimensional map data, the position detect ion device 

posits an error model on positions of the edges of the 

structure, and defines a probability that the signa l 

propagation is LOS and a probability that the signa l 

propagation is NLOS. 

[0019] 

 In yet another position detection device, in case that 

a residual of least-squares method for calculating the 

initial position is smaller when presuming that a s ignal 
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propagation from the positioning satellite is a dir ect path 

rather than a reflected path reflected by a structu re 

included in the three-dimensional map data, the pos ition 

detection device judges that the structure does not  exist. 

[0020] 

 In yet another position detection device, when plu ral 

position detection devices judge that the structure  does not 

exist, the judgment is reflected in the three-dimen sional map 

data. 

[0021] 

 In yet another position detection device, in case that 

an intensity of received power from the positioning  satellite 

is weak, the position detection device judges wheth er the 

signal propagation from the positioning satellite i s LOS or 

NLOS based on a shape of correlation wave outputted  by a 

correlator of the receiving unit. 

[0022] 

 In yet another position detection device, when 

symmetric property of the shape of correlation wave  is high, 

the position detection device judges that the signa l 

propagation from the positioning satellite is LOS a nd an 

antiphase multipath. 

[0023] 

 In yet another position detection device, in case that 

an intensity of received power from the positioning  satellite 

is high, the position detection device judges wheth er the 

signal propagation from the positioning satellite i s LOS or 
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NLOS using the three-dimensional map data and the r ay-tracing 

method, and, when it is LOS, compensates the pseudo  range in 

consideration of delay.  

[0024] 

 In yet another position detection device, the posi tion 

detection device calculates a multipath error accor ding to a 

delay distance, and compensates the pseudo range wi th the 

multipath error. 

[0025] 

 In yet another position detection device, the posi tion 

detection device moves coordinates of a wall surfac e of a 

structure in a direction perpendicular to the wall surface, 

in consideration of a possibility of a position err or in the 

direction perpendicular to the wall surface of the structure 

included in the three-dimensional map data, searche s a 

position where a residual of least-squares method i s small, 

and estimates that the position is the position of wall 

surface. 

[0026] 

 The present invention provides a position detectio n 

system comprising: a position detection device havi ng a 

receiving unit receiving signals from a positioning  satellite 

and calculating a pseudo range to the positioning s atellite 

based on the signals, and a server communicatably c onnected 

to the position detection device, the server having  a 

positioning unit, the positioning unit calculating an initial 

position based on the pseudo range calculated by th e 
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receiving unit, the positioning unit calculating th e pseudo 

range to the positioning satellite at plural positi ons around 

the initial position using a three-dimensional map data and a 

ray-tracing method, the positioning unit selecting candidate 

positions from the plural positions based on the ps eudo range, 

and the positioning unit deciding a current positio n based on 

the candidate positions within such a short distanc e from the 

initial position that predetermined conditions are satisfied, 

and the server sending the decided current position  to the 

position detection device.  

[0027] 

 The present invention provides a position detectio n 

method comprising: receiving signals from a positio ning 

satellite, calculating a pseudo range to the positi oning 

satellite based on the signals, calculating an init ial 

position based on the pseudo range, calculating the  pseudo 

range to the positioning satellite at plural positi ons around 

the initial position using a three-dimensional map data and a 

ray-tracing method, selecting candidate positions f rom the 

plural positions based on the pseudo range, and dec iding a 

current position based on the candidate positions w ithin such 

a short distance from the initial position that pre determined 

conditions are satisfied. 

[0028] 

 The present invention also provides another positi on 

detection device comprising: a receiving unit recei ving 

signals from a positioning satellite, the receiving  unit 
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calculating a pseudo range to the positioning satel lite based 

on the signals, and a positioning unit, the positio ning unit 

judging whether a signal propagation from the posit ioning 

satellite is LOS or NLOS using a three-dimensional map data 

and a ray-tracing method, the positioning unit, whe n it is 

LOS, judging whether it is a multipath including bo th a 

direct path and a reflected path or not, the positi oning unit, 

when it is the multipath, compensating the pseudo r ange 

calculated by the receiving unit in consideration o f delay of 

the reflected path, and the positioning unit decidi ng a 

current position based on the compensated pseudo ra nge. 

[0029] 

 In yet another position detection device, the 

positioning unit calculates a multipath error accor ding to a 

delay distance of the reflected path, and compensat es the 

pseudo range with the multipath error. 

[0030] 

 In yet another position detection device, the mult ipath 

error is calculated based on a model configured cor responding 

to characteristics of a correlator of the receiving  unit. 

[0031] 

 In yet another position detection device, the 

positioning unit, when the signal propagation from the 

positioning satellite is LOS, judges whether it is the 

multipath or not based on a shape of correlation wa ve 

outputted by a correlator of the receiving unit. 

[0032] 
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 In yet another position detection device, the 

positioning unit calculates an initial position bas ed on the 

pseudo range calculated by the receiving unit, calc ulates the 

pseudo range to the positioning satellite at plural  positions 

around the initial position using the three-dimensi onal map 

data and the ray-tracing method, selects candidate positions 

from the plural positions based on the pseudo range , and 

decides the current position based on the candidate  positions 

within such a short distance from the initial posit ion that 

predetermined conditions are satisfied. 

[0033] 

 In yet another position detection device, the plur al 

positions are lattice points of a mesh set around t he initial 

position, the positioning unit sets the mesh, sets the 

lattice points as search points, calculates the pse udo range 

from each of the search points to each the position ing 

satellite, as a search point pseudo range including  a NLOS 

reflected path delay distance estimated by the thre e-

dimensional map data and the ray-tracing method, ca lculates a 

reference position based on the search point pseudo  range, 

and selects, as the candidate positions, the search  points of 

which distance between the reference position and t he initial 

position is equal to a threshold or less.  

[0034] 

 In yet another position detection device, the 

positioning unit sets the mesh around the selected candidate 

position, and repeats setting the search points, ca lculating 
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the search point pseudo range, calculating the refe rence 

position, and selecting the candidate positions. 

[0035] 

 In yet another position detection device, when the  

number of the candidate position selected is less t han a 

predetermined number, the positioning unit decides the 

candidate position of the shortest distance from th e initial 

position as the current position, and, when the num ber of the 

candidate position selected is equal to the predete rmined 

number or more, the positioning unit selects again the 

candidate position of the distance from the initial  position 

equal to the threshold or less, and decides the cur rent 

position by calculating an average weighted with an  inverse 

of the distance from the initial position with rega rd to the 

candidate position selected again. 

[0036] 

 In yet another position detection device, the plur al 

positions are positions set randomly around the ini tial 

position, the positioning unit sets the plural posi tions as 

search points, calculates the pseudo range from eac h of the 

search points to each the positioning satellite, as  a search 

point pseudo range including a NLOS reflected path delay 

distance estimated by the three-dimensional map dat a and the 

ray-tracing method, selects the candidate positions  based on 

the search point pseudo range, adopts a value based  on the 

distance between the candidate position and the ini tial 

position as a likelihood, and decides a weighted av erage 
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corresponding to the likelihood of the candidate po sition as 

the current position.  

[0037] 

 In yet another position detection device, the 

positioning unit calculates the pseudo range from e ach search 

point to each the positioning satellite, as a searc h point 

pseudo range including a NLOS reflected path delay distance 

estimated by the three-dimensional map data and the  ray-

tracing method, and selects, as the candidate posit ions, the 

search points of high similarity between a set of t he search 

point pseudo ranges and a set of the pseudo range c alculated 

by the receiving unit. 

[0038] 

 In yet another position detection device, the 

positioning unit further adds the similarity betwee n a set of 

the search point pseudo ranges and a set of the pse udo range 

calculated by the receiving unit to criteria for se lecting 

the candidate positions.  

[0039] 

 In yet another position detection device, the 

positioning unit has a position calculation part ca lculating 

the initial position, a circumference search part s earching 

the plural positions, a candidate position selectin g part 

selecting the candidate positions, and a current po sition 

deciding part deciding the current position. 

[0040]  

 In yet another position detection device, the posi tion 
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detection device moves coordinates of a wall surfac e of a 

structure in a direction perpendicular to the wall surface, 

in consideration of a possibility of a position err or in the 

direction perpendicular to the wall surface of the structure 

included in the three-dimensional map data, searche s a 

position where a residual of least-squares method i s small, 

and estimates that the position is the position of wall 

surface. 

[0041] 

 In yet another position detection device, in case that 

a signal propagation from the positioning satellite  goes 

through a fixed range from edges of a structure inc luded in 

the three-dimensional map data, the position detect ion device 

presumes a case that the signal propagation is LOS and a case 

that the signal propagation is NLOS, calculates the  pseudo 

range to the positioning satellite in both cases, a nd selects 

a more likelier one from LOS and NLOS.  

[0042] 

 In yet another position detection device, in case that 

a signal propagation from the positioning satellite  goes 

through a fixed range from edges of a structure inc luded in 

the three-dimensional map data, the position detect ion device 

posits an error model on positions of the edges of the 

structure, and defines a probability that the signa l 

propagation is LOS and a probability that the signa l 

propagation is NLOS. 

[0043] 
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 In yet another position detection device, in case that 

a residual of least-squares method for calculating the 

initial position is smaller when presuming that a s ignal 

propagation from the positioning satellite is a dir ect path 

rather than a reflected path reflected by a structu re 

included in the three-dimensional map data, the pos ition 

detection device judges that the structure does not  exist. 

[0044] 

 In yet another position detection device, when plu ral 

position detection devices judge that the structure  does not 

exist, the judgment is reflected in the three-dimen sional map 

data. 

[0045] 

  The present invention also provides another posit ion 

detection system comprising: a position detection d evice 

having a receiving unit receiving signals from a po sitioning 

satellite and calculating a pseudo range to the pos itioning 

satellite based on the signals, and a server commun icatably 

connected to the position detection device, the ser ver having 

a positioning unit, the positioning unit judging wh ether a 

signal propagation from the positioning satellite i s LOS or 

NLOS using a three-dimensional map data and a ray-t racing 

method, the positioning unit, when it is LOS, judgi ng whether 

it is a multipath including both a direct path and a 

reflected path or not, the positioning unit, when i t is the 

multipath, compensating the pseudo range calculated  by the 

receiving unit in consideration of delay, and the p ositioning 
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unit deciding a current position based on the compe nsated 

pseudo range, and the server sending the decided cu rrent 

position to the position detection device.  

[0046] 

 The present invention also provides another positi on 

detection method comprising: receiving signals from  a 

positioning satellite, calculating a pseudo range t o the 

positioning satellite based on the signals, using a  three-

dimensional map data and a ray-tracing method, judg ing 

whether a signal propagation from the positioning s atellite 

is LOS or NLOS, judging whether it is a multipath i ncluding 

both a direct path and a reflected path or not, whe n it is 

LOS, compensating the pseudo range calculated by th e 

receiving unit in consideration of delay, when it i s the 

multipath, and deciding a current position based on  the 

compensated pseudo range. 

 

Effects of the Invention  

[0047] 

 According to the present invention, it is possible  to 

determine and output stably precise current positio ns at low 

cost in a short time even in environments where sig nals from 

positioning satellites are complicatedly affected b y 

structures, geographical features, etc. 

 

 Brief Description of the Drawings 

[0048] 
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 FIG. 1 is a view showing constitution of a positio n 

detection system in a first embodiment of the prese nt 

invention. 

 FIG. 2 is a view showing a three-dimensional map i n the 

first embodiment of the present invention. 

 FIG. 3 is a view showing an example of ray-tracing  

simulation for calculating a multipath in the first  

embodiment of the present invention.  

FIG. 4 is a set of views explaining a method to det ect 

the multipath in the first embodiment of the presen t 

invention, wherein (a) shows a LOS path and (b) sho ws a NLOS 

reflected path. 

  FIG. 5 is a view showing a locus of current posit ions 

detected by the first method in the first embodimen t of the 

present invention. 

  FIG. 6 is a view showing lattice points of a firs t mesh 

by the second method in the first embodiment of the  present 

invention. 

  FIG. 7 is a view showing lattice points of a seco nd 

mesh by the second method in the first embodiment o f the 

present invention. 

  FIG. 8 is a view showing a locus of current posit ions 

detected by the second method in the first embodime nt of the 

present invention. 

  FIG. 9 is a set of views showing search points by  the 

second method in a second embodiment of the present  invention, 

wherein (a)-(c) show a process of setting search po ints and 
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reference positions. 

 FIG. 10 is a view showing an example of distributi on of 

particle when applying a particle filter by the sec ond method 

in the second embodiment of the present invention. 

 FIG. 11 is a set of views illustrating a relation 

between a NLOS path and a LOS path and edges of a s tructure 

in a third embodiment of the present invention, whe rein (a) 

shows a case where the path goes outside the struct ure, and 

(b) shows a case where the path is interrupted by t he 

structure. 

 FIG. 12 is a view showing an example of probabilit y of 

NLOS in a fourth embodiment of the present inventio n. 

 FIG. 13 is a view showing constitution of a positi on 

detection system in a fifth embodiment of the prese nt 

invention. 

 FIG. 14 is a view showing the search points by the  

second method in a seventh embodiment of the presen t 

invention. 

 FIG. 15 is a view showing an example of correlatio n 

wave outputted by a correlator in an eighth embodim ent of the 

present invention. 

 FIG. 16 is a set of views showing a locus of curre nt 

positions detected by considering a possibility of antiphase 

multipath in the eighth embodiment of the present i nvention, 

wherein (a) shows a result of a case not calculatin g any 

pseudo range when the positioning satellite is LOS and a 

received power is equal to a threshold or less and,  and (b) 
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shows a result of a case considering the possibilit y of 

antiphase multipath when the positioning satellite is LOS and 

a received power is equal to the threshold or less.   

 FIG. 17-1 is a set of views showing relations betw een 

reflected waves and correlation waves outputted by a 

correlator in a ninth embodiment of the present inv ention, 

wherein (a) shows a case that a reflected wave is i n phase, 

and (b) shows a case that a reflected wave is in an tiphase. 

 FIG. 17-2 is a set of views showing relations betw een 

delay distances and multipath errors in the ninth e mbodiment 

of the present invention, wherein (a) shows a case of a usual 

correlator and (b) shows a case of comparing plural  types of 

correlators. 

 FIG. 18 is a view showing a current position detec ted 

with compensating the multipath error in the ninth embodiment 

of the present invention. 

 FIG. 19 is a view showing a first example of ray-

tracing at a genuine current position in the ninth embodiment 

of the present invention. 

 FIG. 20 is a set of views showing a first example of 

candidate positions in the ninth embodiment of the present 

invention, wherein (a) shows a case of not consider ing 

multipath error ε, and (b) shows a case of considering 

multipath error ε. 

 FIG. 21 is a view showing a second example of ray-

tracing at a genuine current position in the ninth embodiment 

of the present invention. 
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 FIG. 22 is a set of views showing a second example  of 

candidate positions in the ninth embodiment of the present 

invention, wherein (a) shows a case of not consider ing 

multipath error ε, and (b) shows a case of considering 

multipath error ε. 

 

Best Modes for Carrying out the Invention 

[0049] 

 Embodiments of the present invention will now be 

described in detail with reference to the drawings.  

[0050] 

 FIG. 1 is a view showing constitution of a positio n 

detection system in a first embodiment of the prese nt 

invention. FIG. 2 is a view showing a three-dimensi onal map 

in the first embodiment of the present invention. I n FIG. 2, 

(a) shows a two-dimensional map and (b) shows a thr ee-

dimensional map corresponding to (a). 

[0051]  

  In the respective figures, the reference numeral 11 

designates a position detection device of a positio n 

detection system in the present embodiment, and is 

communicatably connected with an information servic e server 

31 as a server of the position detection system. Th e 

information service server 31 is a computer equippe d with a 

processor such as a CPU or a MPU, a memory device s uch as a 

semiconductor memory, a magnetic disk and an optica l disc, a 

telecommunication interface and others, and is inst alled in 
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an unillustrated information center for distributin g a 

variety of information, such as a map data, a traff ic 

information and weather information. 

[0052]  

 The position detection device 11 may be any kind o f 

device as long as it is so portable as to be carrie d about by 

a human being or a vehicle such as an automobile, a nd is able 

to receive signals from a positioning satellite 41 mentioned 

below, to detect current positions and to output th em on 

screens of display devices or others. It may be a c ellular 

phone, a smart phone, a portable information termin al, a PDA 

(Personal Digital Assistant), a small personal comp uter, a 

wearable computer, a handheld game machine, a navig ation 

device for vehicles, etc. The position detection de vice 11 is 

a kind of computer equipped with a processor such a s a CPU or 

a MPU, a memory device such as a semiconductor memo ry, a 

display device such as a liquid crystal display, an  LED 

(Light Emitting Diode) display or a CRT (Cathode Ra y Tube), 

an input device such as a keyboard, a joy stick, a cross key, 

a push button or a touch-panel, a display controlle r for 

controlling the display device, and a transmit-rece ive device 

such as a telecommunication interface. 

[0053] 

 From a functional viewpoint, the position detectio n 

device 11 is equipped with a receiving unit 12, a p ositioning 

unit 21, and a telecommunication part 17, as shown in 

drawings. 
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[0054] 

 The receiving unit 12 is the same as GPS receivers  on 

the market, for example, and includes a receive par t 13 for 

receiving signals transmitted from positioning sate llites 41, 

a pseudo range calculation part 14 for calculating and 

outputting pseudo ranges between positions of the p ositioning 

satellites 41 and that of the position detection de vice 11 

based on the signals, which are transmitted from al l the 

positioning satellites 41 and received by the recei ve part 13, 

and an antenna 15 for receiving the signals transmi tted from 

the positioning satellites 41. The positioning sate llites 41 

are specifically GPS satellites going around the ea rth, but 

may include other ones, such as those of Chinese CO MPASS 

system, of European GALILEO system, and of Japanese  Quasi-

Zenith satellite system. The receiving unit 12 outp uts at a 

predetermined time interval (e.g. every second) inf ormation, 

such as the positions of the positioning satellites  41 

received by the receive part 13 and the pseudo rang es 

calculated by the pseudo range calculation part 14.  

[0055] 

 The positioning unit 21 includes a position calcul ation 

part 22 for calculating the position of the positio n 

detection device 11, a circumference search part 23  for 

searching a plurality of positions existing around the 

position calculated by the position calculation par t 22, a 

NLOS reflected path estimating part 24, served as a  multipath 

estimating part, for estimating a delay distance of  a NLOS 
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reflected path included in a multipath, which may o ccur in 

signal propagation between the position detection d evice 11 

and the positioning satellites 41, a candidate posi tion 

selecting part 25 for selecting candidate positions  based on 

the positions searched by the circumference search part 23, 

an output deciding part 26, served as a current pos ition 

deciding part, for deciding and outputting current positions 

of the position detection device 11 based on the ca ndidate 

positions selected by the candidate position select ing part 

25, and a map data-base 27 for memorizing and stori ng map 

data including three-dimensional map data. 

[0056] 

 Specifically, the position calculation part 22 

calculates the positions of the position detection device 11 

using the positions of the positioning satellite 41  outputted 

by the receiving unit 12 and the pseudo range. The position 

calculation part 22 also functions as an initial po sition 

calculation part and outputs, as an initial positio n, the 

position of position detection device 11 it calcula ted at the 

beginning. The NLOS reflected path estimating part 24 

estimates the delay distance of the NLOS reflected path using 

the three-dimensional map data and a ray-tracing me thod. The 

candidate position selecting part 25 calculates the  pseudo 

ranges at the positions searched by the circumferen ce search 

part 23 and, based on the pseudo ranges, selects so me 

positions as the candidate positions. The candidate  position 

selecting part 25 may select, as the candidate posi tions, the 
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positions being within a predetermined distance fro m the 

position detection device 11 whose position is calc ulated by 

the position calculation part 22. The output decidi ng part 26 

decides and outputs the current positions based on the 

candidate positions being within the predetermined distance 

from the position detection device 11 whose positio n is 

calculated by the position calculation part 22. 

[0057] 

 As for the three-dimensional map data, it is desir able 

to include heights of structures, such as tall buil dings. 

Although such three-dimensional map data may be one s on the 

market or any kind, the three-dimensional map data explained 

in this embodiment is the one produced by the inven tors of 

the present invention. Specifically this three-dime nsional 

map data was produced by extracting information of two-

dimensional coordinate, including shape of structur e and 

roads from two-dimensional map data, and combining the 

extracted information with altitude data. As the tw o-

dimensional map data, Open Street Map (OSM) was use d and, as 

a digital surface model, good-3D (R) provided by Ae ro Asahi 

Corporation was used. A digital elevation model inc luded data 

of every 1 [m] mesh in horizontal direction and its  accuracy 

was 50 [cm] in horizontal direction and 15 [cm] in vertical 

direction. 

[0058] 

 FIG. 2 (a) shows a two-dimensional map of a certai n 

place in Tokyo (specifically, a neighborhood of Hit otsubashi 
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intersection of Hakusan street running along a boun dary 

between Kandanishikicho 3-chome and Hitotsubashi 2- chome, at 

Chiyoda-ku, Tokyo), and FIG. 2 (b) shows a three-di mensional 

map, corresponding to the two-dimensional map of FI G. 2 (a), 

produced by the inventors of the present invention.  This 

three-dimensional map includes three-dimensional da ta of 

structures. 

[0059] 

 The telecommunication part 17 is the same as 

telecommunication module on the market, for example , and 

telecommunicates with an information service server  31 

through a wire or wireless telecommunication networ k, such as 

a public telecommunication network, a private 

telecommunication network, a cellular phone network  or 

Internet. The position detection device 11 can acqu ire 

varieties of information, e.g. map data such as two -

dimensional or three-dimensional map data of an are a 

including the position of the position detection de vice 11 or 

of a desired area, traffic information or weather i nformation, 

through telecommunicating with the information serv ice server 

31 via the telecommunication part 17. Therefore, th e map 

data-base 27 does not have to store a lot of map da ta but 

only a map data of a required area acquired wheneve r 

necessary from the information service server 31. I f 

transmission speed with the information service ser ver 31 is 

high enough, the map data-base 27 may be omitted. T he current 

position of the position detection device 11 output ted by the 
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positioning unit 21 may be transmitted to the infor mation 

service server 31. The information service server 3 1 may be 

omitted if not necessary. 

[0060] 

 Next will be described a performance of the positi on 

detection device 11 having the above-mentioned stru cture. 

First will be described the ray-tracing method usin g the 

three-dimensional map data. 

[0061] 

 FIG. 3 is a view showing an example of ray-tracing  

simulation for calculating a multipath in the first  

embodiment of the present invention. FIG. 4 is a se t of views 

explaining a method to detect the multipath in the first 

embodiment of the present invention. In FIG. 4, (a)  shows a 

LOS path and (b) shows a NLOS reflected path. 

[0062] 

 The ray-tracing method is a technique that was 

originally used in the field of computer graphics t o generate 

an image of object by tracing a path of light and n ow is used 

also to simulate propagation of electromagnetic wav e or 

signal propagation. Then, a technology using the ra y-tracing 

method in order to confirm whether a structure exis ts between 

the position detection device 11 and the positionin g 

satellites 41 was already proposed (For example, re fer to 

Non-Patent Document 1.). 

Non-Patent Document 1: M. Obst, S. Bauer, P. Reisdo rf, G. 

Wanielik, “Multipath detection with 3D digital maps  for 
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robust multi-constellation GNSS/INS vehicle localiz ation in 

urban areas,” in Intelligent Vehicles Symposium (IV ), 2012 

IEEE, pp. 184-190 (2012). 

[0063] 

 In this embodiment, the simulation of signal 

propagation from the positioning satellites 41 is p erformed 

using the ray-tracing method and the three-dimensio nal map as 

shown in FIG. 3. FIG. 3 shows a three-dimensional m ap of a 

part of the area shown in FIG. 2. FIG. 4 is a schem atic 

depiction showing a state where a signal propagatio n from the 

positioning satellite 41 is reflected on the surfac e 43 of 

the building 42, and showing how to detect multipat h of 

signal propagation from the positioning satellite 4 1. 

[0064] 

 In drawings, the reference numeral 44 designates a  

plane including the surface 43 of the building 42, the 

numeral 41’ designates a mirror image of the positi oning 

satellite 41 in the plane 44, the line 45 designate s a LOS 

(Line-of-Sight) path (direct path) which is a signa l 

propagation from a positioning satellite 41 of LOS or a 

positioning satellite 41 being within vision from t he current 

position of the position detection device 11, the l ine 46 

designates a reflected path or a signal propagation  which is 

emitted from the positioning satellite 41 of LOS an d is 

reflected on the surfaces 43 of the buildings 42, a nd the 

line 47 designates a NLOS reflected path or a signa l 

propagation which is emitted from a positioning sat ellite 41 
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of NLOS or a positioning satellite 41 being not wit hin vision 

from the current position of the position detection  device 11. 

There is no direct path as a signal propagation fro m 

positioning satellites 41 of NLOS. 

[0065] 

 The ray-tracing method employed in this embodiment  is a 

method called an imaging method. The surfaces 43 of  buildings 

42 are assumed to be mirror surfaces and the reflec ted paths 

are assumed to follow the law of reflection. In ord er to find 

out the multipath of the signal propagation from th e 

positioning satellite 41, the position of the mirro r image 

41’ of the positioning satellite 41 in the surfaces  43 of the 

buildings 42 is calculated, then it is judged wheth er a line 

segment connecting the mirror image 41' and the ant enna 15 

intersects the surface 43 of the buildings 42. If s o, it is 

examined whether any obstacle exists between the po sitions of 

the positioning satellite 41 and the antenna 15 and  a 

reflection point on the surface 43 of the buildings  42. If 

there is no obstacle, the signal propagation from t he 

positioning satellite 41 is judged as a reflected p ath. As 

shown in FIG. 4 (b), if there is an obstacle, such as the 

buildings 42, between the positions of the position ing 

satellite 41 and the antenna 15, the signal propaga tion from 

the positioning satellite 41 is judged as a NLOS re flected 

path. 

[0066] 

 Next will be described a theory of detecting the 
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position of the position detection device 11 using the 

position of the positioning satellite 41 and the ps eudo range. 

The positioning satellite 41 is assumed as a GPS Sa tellite. 

[0067] 

 A simultaneous equation like the following Equatio n (1) 

holds for the pseudo range row R  between the position of the 

positioning satellites 41 measured by the receiving  unit 12 

and the position of the antenna 15 or the receiving  unit 12.  

[0068] 

When N≧4 or the number of the positioning satellites 

41 measured is four or more, Equation (1) is solvab le and the 

position xr  of the antenna 15 or the receiving unit 12 is 

provided. Specifically, Equation (1) is solved usin g a method 

of weighted least squares (least-squares method wit h 

weighting). In this embodiment, the position calcul ation part 

22 calculates an initial position 0x  by solving Equation (1) 

using the method of weighted least squares. 

     [ ]Trrrr zyx ,,=x  denotes the position of the antenna 15 or the 

receiving unit 12, rtδ  denotes a time delay of an 

unillustrated clock of the receiving unit 12 from G PS time 

scale, and [ ]Tsv
i

sv
i

sv
i

sv
i zyx ,,=x （ i＝１、２、・・・、N）denotes the 

coordinates of the positioning satellites 41. It is  assumed 

that the coordinates of the positioning satellites 41 as GPS 
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satellites are calculated in advance based on a bro adcast 

ephemeris from the positioning satellites 41. 

[0069] 

 Next will be described a first method of detecting  

current positions in consideration of a multipath e ffect. 

[0070] 

      FIG. 5 is a view showing a locus of current p ositions 

detected by the first method in the first embodimen t of the 

present invention. 

[0071] 

 Raw data of the pseudo range is simply derived by 

multiplying the signal propagation time and the lig ht 

velocity. Though, the pseudo range has to be correc ted, since 

the signal propagation time includes various errors . The 

pseudo range R n calculated regarding a n th  positioning 

satellite 41 is expressed as the following Equation  (2). 

Rn = ρn +c （δｔr  - δTn）+I n +T n + εn  ・・・Equation (2) 

      In Equation (2), ρn denotes a geometric distance to the 

nth  positioning satellite 41, δTn denotes a time delay of a 

satellite clock from GPS time scale, I denotes a de lay 

distance due to ionosphere, T denotes a delay dista nce due to 

troposphere, and ε denotes errors due to multipath, a noise 

of the receiving unit 12 and a delay of the antenna  15. 

[0072]  

 The time delay of the satellite clock from GPS tim e 

scale is corrected using values calculated based on  the 

broadcast ephemeris. The delay distance due to iono sphere is 
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corrected based on Klobuchar model, and the delay d istance 

due to troposphere is corrected based on Saastamoin en model. 

The remaining errors are ones due to multipath and the noise 

of the receiving unit 12. 

[0073] 

 If the noise is negligibly small, it is apparent t hat 

the only error to be removed is one due to multipat h or a 

multipath error. Then, the multipath error is remov able by 

presumption based on a simulation of signal propaga tion using 

the ray-tracing method and the three-dimensional ma p as shown 

in FIG. 3. 

[0074] 

 The inventors of the present invention conducted a n 

experiment on detecting positions by the first meth od at the 

place shown in FIG. 2. A receiver used for the expe riment is 

a GPS receiver outputing data as shown in Table 1. 

[0075] 

  

[0076] 

 FIG. 5 shows experimental results plotted on a map . The 

map shown in FIG. 5 is a three-dimensional map expa nding and 

showing a vicinity of the street extending up and d own 
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slantingly through the central area in the width di rection of 

FIG. 2. In FIG. 5, a thick white straight line 51 s hows an 

actual path along which the inventors moved on the street 

with the GPS receiver. A plurality of round marks 5 2 shows a 

locus of positions detected by the first method bas ed on the 

output of the GPS receiver. A plurality of triangul ar marks 

53 shows a locus of positions outputted by the GPS receiver. 

[0077] 

 The output of the GPS receiver is supposed to be 

filtered in order to smooth the locus. Therefore, i n this 

experiment, a particle filter was applied to the po sitions 

detected by the first method. 

[0078] 

 As clearly illustrated in FIG. 5, the locus shown by 

round marks 52 and that shown by triangular marks 5 3 indicate 

not an identical but a similar nature regarding mag nitude, 

tendency or others of error. 

[0079] 

 Next will be described a second method of detectin g 

current positions in consideration of the multipath  effect. 

[0080] 

FIG. 6 is a view showing lattice points of a first mesh 

by the second method in the first embodiment of the  present 

invention. FIG. 7 is a view showing lattice points of a 

second mesh by the second method in the first embod iment of 

the present invention. FIG. 8 is a view showing a l ocus of 

current positions detected by the second method in the first 
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embodiment of the present invention. 

[0081] 

 The second method is as follows: setting a positio n 

detected by solving Equation (1) as an initial posi tion; 

calculating pseudo ranges at a plural positions sur rounding 

the initial position; setting positions detected ba sed on the 

pseudo ranges as candidate positions; and detecting  a current 

position based on the candidate positions within a distance 

of predetermined value from the initial position. T he 

position detection device 11 in this embodiment det ects the 

current position by the second method. 

      First, the position calculation part 22 calcu lates and 

sets the position of the position detection device 11, using 

the positions of the positioning satellites 41 and the pseudo 

ranges outputted at a predetermined time interval b y the 

receiving unit 12. Specifically, the position calcu lation 

part 22 uses the pseudo range row R  outputted at a 

predetermined time interval by the receiving unit 1 2 and, by 

solving Equation (1) using the method of weighted l east 

squares at each time when coordinates of the positi oning 

satellite 41 or the satellite position xsv
i  is received, 

calculates the position xr
of antenna 15 or the receiving unit 

12 to set up it as an initial position 0x . 

      Then, the circumference search part 23 search es a 

plurality of positions around the position set by t he 

position calculation part 22. Because the genuine p osition of 

the position detection device 11 is supposed to be within a 
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range not far from the initial position 0x  or in some 

vicinity of it. Specifically, the circumference sea rch part 

23 sets up a first lattice or mesh, such as a 10[m]  mesh with 

10x10 lattice points, in a first area, such as an a rea of 

100[m]x100[m], around the initial position 0x , and makes each 

lattice point a first search point ( )( )ji,1
P . FIG. 6 shows an 

example of the first search points ( )( )ji,1
P  plotted on a map. 

The map in FIG. 6 is a three-dimensional map expand ing a 

vicinity of a crossing in the near-center of FIG. 5 . 

[0082] 

 And, according to following Equation (3), the cand idate 

position selecting part 25 calculates a first pseud o range 

row ( )ji,R̂ , as a search point pseudo range, on all the first 

search points ( )( )ji,1
P (0 ≦ ji, ≦10).  

      In Equation (3), ( )ji,ρρρρ  denotes a geometric distance from 

the first search points ( )( )ji,1
P  to the positioning satellites 

41, and ( )ji,multipathεεεε  denotes a multipath delay distance 

including a NLOS reflected path delay distance whic h may 

occur in the signal propagations from the first sea rch points 

( )( )ji,1
P  to each positioning satellite 41. The NLOS reflect ed 

path estimating part 24 estimates the multipath del ay 

distance ( )ji,multipathεεεε  using the ray-tracing method and the 

three-dimensional map data. 

[0083] 

( )
( )
( )

( )
( ) ( ) ( )jicji

jiR

jiR
jiR

ji r

N

2

1

,,

,ˆ

,ˆ
,ˆ

,ˆ multipathεεεεδδδδδδδδρρρρ +++−+=



















= TITt R
M

(3)Equation ・・・



PCT/JP2014/062784 

 36

 Then, the position calculation part 22 solves Equa tion 

(1) using a weighted least squares method with the first 

pseudo range row ( )ji,R̂  and the satellite positions xsv
i , 

thereby calculates a position ( )ji,x̂  and sets up it a first 

reference position. Since the first pseudo range ro w ( )ji,R̂  

potentially includes multipath errors including the  delay 

distance of the NLOS reflected path, the calculated  first 

reference position ( )ji,x̂  may be considerably far from the 

first search points ( )( )ji,1
P . Then, if an air clearance between 

the initial position 0x  and the first reference position 

( )ji,x̂  is narrow enough, it is assumed that the first sea rch 

point ( )( )ji,1
P  is located at the genuine current position. And 

the candidate position selecting part 25 selects pa rticular 

first search point ( )( )ji,1
P  as a first candidate position on 

such a condition that a first air clearance ( )ji,xx ˆ0− , the air 

clearance between the initial position 0x  and the first 

reference position ( )ji,x̂  regarding the particular first 

search point ( )( )ji,1
P , is equal to a first threshold (e.g., 

about 30-50 [m])or less.  

[0084] 

 Then, the circumference search part 23 searches a 

plurality of positions around the first search poin t ( )( )ji,1
P  

selected as the first candidate position. Specifica lly, the 

circumference search part 23 sets up a second mesh,  such as a 

1[m] mesh with 10x10 lattice points, in a second ar ea, such 

as an area of 10[m]x10[m], around the first search point 

( )( )ji,1
P  selected as the first candidate position, and make s 
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each lattice point a second search point ( )( )lkji ,,,2
P . FIG.7 

shows an example of the second search points ( )( )lkji ,,,2
P  plotted 

on a map. The map in FIG. 7 is a three-dimensional map 

expanding a vicinity of the near-center of FIG. 6. 

      And, according to Equation (3), the candidate  position 

selecting part 25 calculates a second pseudo range row 

( )lk,j,i,R̂ , as the search point pseudo range, on all the seco nd 

search point ( )( )lkji ,,,2
P  (0 ≦ lkji ,,, ≦10). In this embodiment, the 

second pseudo range row ( )lk,j,i,R̂  will be calculated only when 

following conditions (1)-(4) are satisfied, based o n 

compatibility with the visibility of the positionin g 

satellites 41 estimated from the intensity of recei ved power. 

[0085] 

 (1) In case that the received power from the 

positioning satellite 41 is large enough, any secon d pseudo 

range row ( )lk,j,i,R̂  is not calculated on the second search 

point ( )( )lkji ,,,2
P  inside the buildings 42. 

      (2) In case that the positioning satellite 41  is 

recognized as NLOS but any path reflected just once  is not 

found or that the NLOS reflected path includes mult iple 

reflection or diffraction, the second pseudo range row 

( )lk,j,i,R̂  to the positioning satellite 41 concerned is not 

calculated. 

[0086] 

 (3) In case that the positioning satellite 41, the  

received power from which is equal to a predetermin ed 

threshold or more, is recognized as NLOS, any secon d pseudo 
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range row ( )lk,j,i,R̂  is not calculated on the second search 

point ( )( )lkji ,,,2
P  concerned. The predetermined threshold is 

determined based on the average of the past receive d power. 

      (4) In case that the positioning satellite 41 ,the 

received power from which is equal to the predeterm ined 

threshold or less, is recognized as LOS, any second  pseudo 

range row ( )lk,j,i,R̂  is not calculated on the second search 

point ( )( )lkji ,,,2
P  concerned. 

      Then, the position calculation part 22 solves  Equation 

(1) using a weighted least squares method with the second 

pseudo range row ( )lk,j,i,R̂  and the satellite positions xsv
i , 

thereby calculates a position ( )lk,j,i,x̂  and sets up it as a 

second reference position.  

      Then, according to following (5) or (6), the output 

deciding part 26 decides an output position xr  and sets up it 

as the current position of the position detection d evice 11. 

[0087] 

 (5) The candidate position selecting part 25 selec ts 

particular second search point ( )( )lkji ,,,2
P  as a second candidate 

position on such a condition that a second air clea rance 

( )lk,j,i,d xx ˆ0−= , the air clearance between the initial position 

0x  and the second reference position ( )lk,j,i,x̂  regarding the 

particular second search point ( )( )lkji ,,,2
P , is minimum. Then, 

the output deciding part 26 decides the second cand idate 

position as the output position xr . That is, the output 

position xr  is decided as following Equation (4). 
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[0088] 

      (6) The candidate position selecting part 25 selects the 

particular second search point ( )( )lkji ,,,2
P  as a second candidate 

position on such a condition that a second air clea rance 

( )lk,j,i,d xx ˆ0−= , the air clearance between the initial position 

0x  and the second reference position ( )lk,j,i,x̂  regarding the 

particular second search point ( )( )lkji ,,,2
P , is not more than a 

second threshold (e.g., about 30-50 [m]). Then, the  output 

deciding part 26 calculates an average, which is we ighted by 

the reciprocal of the second air clearance d , of all the 

second search points ( )( )lkji ,,,2
P  selected as the second 

candidate positions, and decides it as the output p osition xr . 

That is, the output position xr  is decided as following 

Equation (5). 

[0089] 

 In a case that the number of the second reference 

positions ( )lk,j,i,x̂  is less than a predetermined number (for 

example, 10), it is desirable to decide the output position 

xr  according to the above (5), and in a case that the  number 

of the second reference positions ( )lk,j,i,x̂  is equal to the 

predetermined number or more, it is desirable to de cide the 

output position xr  according to the above (6). 

      Then, the output deciding part 26 applies the  particle 

filter to the decided output positions xr  so that the locus 
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of the output positions xr  becomes smooth, and outputs the 

obtained results. A model in the particle filter is  as 

follows. 

[0090] 

      A state vector is defined as [ ]Tr ,λϕ=x  indicating values 

of latitude and longitude, and a value observation vector is 

assumed as [ ]Tr vv λϕλϕ ,,,=y  considering velocity. A transition 

model is expressed as following Equation (6), and a  

transition matrix is expressed as following Equatio n (7). A 

likelihood function regarding each particle is expr essed as 

following Equation (8). 

[0091] 

 FIG. 8 shows the output positions outputted by the  

output deciding part 26 or the current positions of  the 

position detection device 11 plotted on a map. The map shown 

in FIG. 8 is a three-dimensional map showing the al most same 

range as FIG. 5. In FIG. 8, a thick white straight line 51 

shows an actual path along which the inventors move d on the 

street with the position detection device 11. A plu rality of 

square marks 54 shows a locus of the current positi ons of the 
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position detection device 11 outputted by the outpu t deciding 

part 26. A plurality of round marks 52 shows, as a reference, 

a locus of the positions detected by the first meth od. The 

square marks 54 and the round marks 52 are obtained  by 

applying the particle filter. 

[0092] 

 As clearly illustrated in FIG. 8, the locus shown by 

the square marks 54 is observed close to the actual  path 

comparing to that shown by the round marks 52. 

[0093] 

 In this embodiment, explained is an example, where in 

the lattice points of the first mesh set around the  initial 

position are set up as the first search points, par ticular 

first search points are selected as the first candi date 

positions on such a condition that the air clearanc e between 

the initial position and the first reference positi on 

calculated based on the particular first search poi nt is 

equal to the first threshold or less, the lattice p oints of 

the second mesh set around the first candidate posi tions are 

selected as the second search points, particular se cond 

search points are selected as the second candidate positions 

on such a condition that the air clearance between the 

initial position and the second reference position calculated 

based on the particular second search point is equa l to the 

second threshold or less, and the output position i s decided 

based on the second candidate positions. However, i t is 

possible to decide the output position based on the  first 
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candidate positions without obtaining the second ca ndidate 

positions. In other words, the process comprising o f setting 

a mesh, of setting up lattice points of the mesh as  search 

points, and of selecting candidate positions from t he search 

points, does not necessarily need to be repeated tw ice. The 

process may be performed just once or may be repeat ed more 

than twice if necessarily. That is, the process com prising of 

setting a mesh, of setting up lattice points of the  mesh as 

search points, and of selecting candidate positions  from the 

search points may be performed once or plural times  

repeatedly.  

[0094] 

 Application of a particle filter is omissible prop erly. 

Filters (e.g., Kalman filter etc.) other than a par ticle 

filter are also applicable. 

[0095] 

 As described above, according to the present embod iment, 

the position detection device 11 comprises the rece iving unit 

12, which receives the signals transmitted from the  

positioning satellites 41 and calculates the pseudo  ranges to 

the positioning satellites 41 based on the received  signals, 

and the positioning unit 21, which calculates the i nitial 

position based on the pseudo ranges calculated by t he 

receiving unit 12, calculates the pseudo ranges fro m plural 

positions around the initial position to the positi oning 

satellites 41 using the three-dimensional map data and the 

ray-tracing method, selects candidate positions fro m the 
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plural positions based on the calculated pseudo ran ges, and 

decides the current position based on the candidate  positions 

of so close distance from the initial position that  the 

predetermined conditions are satisfied. 

[0096] 

 And, the position detection method comprises recei ving 

the signals from the positioning satellites 41, cal culating 

the pseudo ranges to the positioning satellite 41 b ased on 

the received signals, calculating the initial posit ion based 

on the calculated pseudo ranges, calculating the ps eudo 

ranges from plural positions around the initial pos ition to 

the positioning satellites 41 using the three-dimen sional map 

data and the ray-tracing method, selecting candidat e 

positions from the plural positions based on the ca lculated 

pseudo ranges, and deciding the current position ba sed on the 

candidate positions of so close distance from the i nitial 

position that the predetermined conditions are sati sfied. 

[0097] 

 Thereby, it is possible to determine and to output  

stably the precise current positions at low cost in  a short 

time, with eliminating appropriately the effect of multipath, 

such as NLOS reflected path, even in environments w here 

signals from the positioning satellites 41 are comp licatedly 

affected by structures, geographical features, etc.  

[0098] 

 Further, the plural positions are the lattice poin ts of 

the mesh set around the initial position, and the p ositioning 
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unit 21 sets the mesh, makes the lattice points of the mesh 

into the search points, calculates the search point  pseudo 

range, which is the pseudo range from each of the s earch 

points to each of the positioning satellites 41 and  includes 

the NLOS reflected path delay distance estimated by  the 

three-dimensional map data and the ray-tracing meth od, 

calculates the reference position based on the calc ulated 

search point pseudo range, and selects particular s earch 

point as the candidate position on such a condition  that, 

regarding the particular search point, the distance  between 

the calculated reference position and the initial p osition is 

equal to the threshold or less. Thereby, even in a case that 

any assumption of generally precise initial positio ns 

calculated on the basis of the pseudo range calcula ted by the 

receiving unit 12 is not granted, it is possible to  decide 

the current position based on the candidate positio n selected 

from the search points set around the initial posit ion, so 

that an accurate current position is able to be det ermined 

and outputted. 

[0099] 

 Further, the positioning unit 21 sets the mesh aro und 

the selected candidate position, and repeats settin g the 

search points, calculating the search point pseudo range, 

calculating the reference position, and selecting t he 

candidate position. Thus the process comprising set ting the 

mesh, making the lattice points of the mesh into th e search 

points, and selecting the candidate position from t he search 
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points is repeated more than once, so more appropri ate 

candidate positions are able to be selected and a m ore 

accurate current position is able to be determined and 

outputted. 

[0100] 

 Further, when the number of the selected candidate  

positions is less than a predetermined one, the pos itioning 

unit 21 decides the candidate positions of the mini mum 

distance from the initial position as the current p osition 

and, when the number of the selected candidate posi tions is 

equal to a predetermined one or more, the positioni ng unit 21 

selects again the candidate positions of distance e qual to 

the threshold or less from the initial position, an d decides 

the current position by calculating an average, whi ch is 

weighted by the reciprocal of the distance from the  initial 

position, regarding the again selected candidate po sitions. 

Thereby, the current position is able to be determi ned 

accurately. 

[0101] 

 Further, the positioning unit 21 outputs the resul t 

obtained by applying the particle filter to the dec ided 

current position. Thereby, the smooth locus of the current 

positions is able to be obtained. 

[0102] 

 Next will be described a second embodiment of the 

present invention. Structural features similar to t he first 

embodiment are denoted by common reference numerals , and 
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repeated description of operation and effects simil ar to 

those of the first embodiment is omitted. 

[0103] 

FIG. 9 is a set of views showing search points by t he 

second method in a second embodiment of the present  invention. 

FIG. 10 is a view showing an example of distributio n of 

particle when applying a particle filter by the sec ond method 

in the second embodiment of the present invention. In FIG. 9, 

(a)-(c) show a process of setting search points and  reference 

positions. 

[0104] 

 In this embodiment, the second method of detecting  

current position in consideration of the multipath effect is 

the same as that of the first embodiment with regar d to the 

following point: both are the method comprising mak ing a 

position detected by solving Equation (1) as the in itial 

position, calculating the pseudo ranges at plural p ositions 

around the initial position, setting up the positio ns 

detected based on the pseudo ranges as the candidat e 

positions, and detecting the current position based  on the 

candidate positions of the lesser than predetermine d distance 

from the initial position. Though, they are differe nt in the 

point that the plural positions around the initial position 

are set randomly in this embodiment, while they are  the 

lattice points of the mesh set in the first embodim ent. 

[0105] 

 The structure of the position detection device 11 and 
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the first method of detecting current positions in 

consideration of the multipath effect are similar t o those of 

the first embodiment, therefore repeated descriptio n about 

them is omitted. 

      In this embodiment, the position calculation part 22, as 

well as in the first embodiment, calculates and set s the 

position of the position detection device 11, using  the 

positions of the positioning satellites 41 and the pseudo 

ranges outputted at a predetermined time interval b y the 

receiving unit 12. Specifically, the position calcu lation 

part 22 uses the pseudo range row R  outputted at a 

predetermined time interval by the receiving unit 1 2 and 

solves Equation (1) using the method of weighted le ast 

squares at each time when receiving coordinates of the 

positioning satellite 41 or the satellite positions  xsv
i . 

Thereby, the position xr
of antenna 15 or receiving unit 12 is 

calculated and is set up as an initial position 0x . 

[0106] 

 Then, the circumference search part 23 searches a 

plurality of positions around the position set by t he 

position calculation part 22. Specifically, the cir cumference 

search part 23 sets search points ( )P i  around the initial 

position 0x  at random. FIG. 9(a) shows an example of the 

initial position 0x  and the search points ( )P i  plotted on a 

map. The map shown in FIGS. 9(a)-(c) is a two-dimen sional map 

expanding a vicinity of a crossing in the near-cent er of FIG. 

5, and is provided by ZENRIN CO. as Google Map. 
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     And, according to Equation (3), the candidate position 

selecting part 25 calculates a pseudo range row 
( )

R̂
i

as the 

search point pseudo range, on all the search points  ( )P i . The 

NLOS reflected path estimating part 24, as well as the first 

embodiment, estimates the multipath delay distance εmultipath
, 

which includes a NLOS reflected path delay distance , using 

the ray-tracing method and the three-dimensional ma p data. 

[0107] 

 Then, the position calculation part 22 solves Equa tion 

(1) using a weighted least squares method with the pseudo 

range row 
( )

R̂
i

 and the satellite positions xsv
i , thereby 

calculates a position 
( )ix̂  and sets up it as a reference 

position. FIG. 9 (b) shows an example of reference positions 

( )ix̂  calculated about two of the search points ( )P i  shown in FIG. 

9 (a), and FIG. 9 (c) shows an example of reference  positions 

( )ix̂  calculated about all of the search points ( )P i  shown in FIG. 

9 (a). 

[0108] 

      Since the pseudo range row 
( )

R̂
i

 potentially includes 

multipath errors including the delay distance of th e NLOS 

reflected path, the calculated reference position 
( )ix̂  may be 

considerably far from the search points ( )P i . So, as shown in 

FIG. 9 (b), the reference position 
( )ix̂  may appear near the 

search points ( )P i , or may appear far away from the search 

points ( )P i . Assuming that the search point ( )P i  is located at 

the genuine current position, the pseudo range row 
( )

R̂
i

 would 

be subject to the effect of the multipath including  a NLOS 
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reflected path delay distance, as well as the pseud o range 

row R  detected by the receiving unit 12, and the referen ce 

position 
( )ix̂  would be calculated to be near the initial 

position 0x . So, the candidate position selecting part 25 

considers the air clearance ( )ixx ˆ0− , which is the air 

clearance between the initial position 0x  and the reference 

position 
( )ix̂ , as a likelihood of the search point ( )P i . 

[0109] 

 The candidate position selecting part 25 searches the 

search points ( )P i  for a candidate for the genuine current 

position according to judgment whether the search p oints ( )P i  

satisfy the following conditions (1’)-(4’) similar to the 

conditions (1)-(4) explained in the first embodimen t, based 

on compatibility with the visibility of the positio ning 

satellites 41 estimated from the intensity of recei ved power, 

and calculates the pseudo range rows 
( )

R̂
i

. 

[0110] 

      (1’) In case that the received power from the  

positioning satellite 41 is large enough, any searc h point 

( )P i  inside of buildings 42 is not employed. 

      (2’) In case that the positioning satellite 4 1 is 

recognized as NLOS but any path reflected just once  is not 

found or that the NLOS reflected path includes mult iple 

reflection or diffraction, the positioning satellit e 41 is 

not employed. 

[0111] 

 (3’) In case that the positioning satellite 41, th e 
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received power from which is equal to a predetermin ed 

threshold or more, is recognized as NLOS, the searc h point 

( )P i  is not employed. The predetermined threshold is 

determined based on the average of the past receive d power. 

      (4’) In case that the positioning satellite 4 1,the 

received power from which is equal to the predeterm ined 

threshold or less, is recognized as LOS, the search  point ( )P i  

is not calculated. 

      The position calculation part 22 solves Equat ion (1) 

using a weighted least squares method with the pseu do range 

row 
( )

R̂
i

 and the satellite position xsv
i , thereby calculates a 

position 
( )ix̂  and sets up it as the reference position. Then, 

the output deciding part 26 decides an output posit ion xr  and 

sets up it as the current position of the position detection 

device 11. 

[0112] 

 The output deciding part 26 applies the particle f ilter 

to the decided output position xr . The particle filter in 

this embodiment performs, in its each process, all of setup 

of the search points ( )P i , estimation, and presumption of the 

current position. Specifically, the particle filter  performs 

filtering with assuming that the search points ( )P i  randomly 

set every second around the initial position 0x  are particles. 

That is, each of the particles scattered every seco nd around 

the initial position 0x  is supposed to be a search point ( )P i , 

and, regarding each of the particles, evaluation is  performed 

to set the likelihood using such two indicators as a distance, 
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as one indicator, between the coordinates calculate d from the 

pseudo range row 
( )

R̂
i

and the initial position 0x , and a travel 

distance, as another indicator, from the preceding position. 

In this embodiment, the current position is estimat ed by 

calculating a weighted average based on the likelih ood. The 

particle filter is designed as follows. 

[0113] 

Observation vector: ( ) ( ) ( ) ( ) ( )[ ]Trrrefref tvtvttt λϕλϕ ,,,=x  ・・・Equation(9) 

State vector: ( ) ( ) ( ) ( )[ ]T

t tv,tv,tλ,t λϕϕ=y  ・・・Equation(10) 

State transition model: ( ) ( ) ( )tNttFt v+∆−= yy  ・・・Equation(11) 

      In Equations, ϕ  and λ respectively denotes latitude and 

longitude, and vϕ  and vλ  respectively denotes the velocity in 

each direction. The observation vector ( )tx  has the position 

( ) ( ) ( )[ ]Trefref ttt λϕ ,0 =x  calculated from the received pseudo range, 

and the velocity ( ) ( )[ ]Trr tvtv λϕ ,  measured by the GPS receiver. 

( ) ( )Nv tN Σ,0N～  denotes a normal distribution showing a state 

noise, and its components are decided experientiall y. 

[0114] 

      Each particle in a particle filter has a stat e 

( ) ( )tt ii )()( yp = . Search is performed assuming that each particle 

in coordinate system is a search point 
)(iP . While the genuine 

current position is supposed to exist near around ( )t0x , it is 

also supposed to exist quite close to ( )tt ∆−y  from continuity 

of movement. In order to fulfill this, as shown in FIG. 10, 

(12) Equation・・・
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in a re-sampling process, a half of particles are d istributed 

according to the normal distribution ( )( )00 ,N Σtx , and another 

half of them are distributed according to ( )( )ttt ∆Σ∆− ,N y . In 

the experiment of this embodiment, since its object  was 

pedestrian, particles were distributed so that they  were 

spread in about 2 [m] radius of the preceding estim ated 

position ( )tt ∆−y  and they were spread in about 50 [m] radius 

of the initial position ( )t0x . Likelihood ( )( )( )p
i Nit ,,1 ・・・=π  of 

each particle is calculated with the following like lihood 

function ( )( )i
-ttttL 1pyx =  after re-sampling.  

      Considering the both of the continuity of the  state 

transition and the similarity of the pseudo range, and 

assuming that the both follow a normal distribution , the 

likelihood function is expressed as multiplication of two 

Gaussian functions. Finally, the weighted average 

corresponding to the likelihood of all the particle s is 

calculated to be an estimated position xr  as the current 

position. 

[0115]  

( )( ) ( )( )i
-tttt

i Lt 1pyx ==π

transitionmultipathLL=

( )( ) ( )
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(15) Equation・・・
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 Other points in operations are similar to those 

explained in the first embodiment, therefore descri ption 

about them is omitted. 

[0116] 

 Next will be described a third embodiment of the 

present invention. Structural features similar to t he first 

and second embodiments are denoted by common refere nce 

numerals, and repeated description of operation and  effects 

similar to those of the first and second embodiment s is 

omitted. 

[0117] 

 FIG. 11 is a set of views illustrating a relation 

between a NLOS path and a LOS path and edges of a s tructure 

in a third embodiment of the present invention. In FIG. 11, 

(a) shows a case where the path goes outside the st ructure, 

and (b) shows a case where the path is interrupted by the 

structure. 

[0118] 

      In this embodiment, position presumption is p erformed in 

consideration of an error model of structure. There fore, 

regarding a structure, in case that a ray or a path  goes 

through a fixed range from edges of the structure i llustrated 

by a digital surface model or something, which is a  database 

of measured shape or something of the structure, bo th LOS and 

NLOS are presumed and calculated, then likelier one  is 

distinguished. 

[0119] 
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 Specifically, the NLOS reflected path estimating p art 

24 performs a judgment whether the positioning sate llite 41 

within vision from the current position of the posi tion 

detection device 11 is LOS or NLOS, before estimati ng the 

error of the multipath based on the ray-tracing met hod. The 

judgment is performed based on whether an obstacle exists on 

the line segment connecting the current position of  the 

position detection device 11 and each of the positi oning 

satellites 41. In this case, as shown in FIG. 11, a  minimum 

distance d min  between the edges of the structure around the 

position detection device 11 and the ray or the pat h is 

calculated, since uncertainty (error of the structu re) 

included in the three-dimensional map data should b e 

considered. 

[0120] 

      Then, in case that the absolute value |d min | of the 

minimum distance d min  is equal to the threshold d threshold  or 

more, it is judged as NLOS if an obstacle exists, a nd it is 

judged as LOS if not so. In case that the absolute value 

|d min | is less than the threshold d threshold , both LOS and NLOS 

are presumed and calculated, then likelier one is s elected. 

The value of the threshold d threshold  may be decided according 

to the accuracy of three-dimensional map data, and,  for 

example, may be 1 [m]. 

[0121] 

 Distinction of likelihood is performed by one or m ore 

methods selected from the following (7)-(9). 
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 (7) Residual of least-squares method: The current 

position of the position detection device 11 is det ected by 

solving an equation of the pseudo range row, such a s Equation 

(1), using a method of weighted least squares, and the 

residual of this method is adopted as an indicator of 

likelihood. Specifically, one residual in such a ca se that 

NLOS is presumed and that its multipath delay dista nce is 

included in the pseudo range is compared with anoth er 

residual in such a case that LOS is presumed, then the case 

with the lesser residual is selected.   

      (8) Received signal strength: LOS is presumed  in case 

that the received signal strength or the received p ower of 

the signal from the positioning satellite 41 at a c ertain 

time is much stronger than the hitherto average of the 

received power, and NLOS is presumed in case that t he 

received power is very weak.  

      (9) Difference between an initial solution an d one 

sought after amending pseudo range by reflection: A  distance 

to an initial position 0x  calculated based on pseudo range 

received by the receiving unit 12 from a calculated  position 

NLOSx  of the receiving unit 12, in such a case that NLOS  is 

presumed and that its multipath delay distance is i ncluded in 

the pseudo range, is compared with another distance  to the 

initial position 0x  from a calculated position LOSx  of the 

receiving unit 12, in such a case that LOS is presu med, then 

the case with the shorter distance is selected. 

[0122] 
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The structures of the position detection device 11 and 

other points in operations are similar to those exp lained in 

the first and second embodiments, therefore descrip tion about 

them is omitted. 

[0123] 

       Next will be described a fourth embodiment o f the 

present invention. Structural features similar to t he first 

through third embodiments are denoted by common ref erence 

numerals, and repeated description of operation and  effects 

similar to those of the first through third embodim ents is 

omitted. 

[0124] 

 FIG. 12 is a view showing an example of probabilit y of 

NLOS in a fourth embodiment of the present inventio n. 

[0125] 

 In this embodiment, similarly to the third embodim ent, 

position presumption is performed in consideration of an 

error model of structure. Though, according to this  

embodiment, the error model is posited on positions  of edges 

of the structure, and, in a case that the ray goes near the 

edges of the structure, the probability of NLOS and  LOS is 

defined by the error model, instead of setting the threshold 

dthreshold  about the minimum distance d min between the edges of 

the structure and the ray as in the third embodimen t. That is, 

the probability of NLOS and LOS corresponding to th e minimum 

distance d min  is defined. Then, the probability is inserted in 

a position presumption model like the particle filt er 
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explained in the second embodiment. 

[0126] 

 Specifically, assuming that the direction from the  edge 

of the structure to outside denotes positive and th at the 

minimum distance between the edges of the structure  and the 

ray denotes d min as shown in FIG. 11, the probability of NLOS 

is supposed to follow the integral of a complementa ry error 

function as shown in FIG. 12. The probability of NL OS is 

defined by the following Equation (16). 

[0127] 

[0128] 

      In this Equation, N (x, O, σmap) denotes a normal 

distribution according to a random variable x, an e xpected 

value O, and a variance σmap. σmap is decided according to the 

accuracy of the three-dimensional map. FIG. 12 show s an 

example with a vertical axis indicating the probabi lity 

P(NLOS|d min ) of NLOS, and a horizontal axis indicating the 

minimum distance d min , assuming σmap=0.25. 

[0129] 

 In this embodiment, the judgment whether the 

positioning satellite 41 is NLOS or LOS is performe d with 

this probability, the pseudo range is calculated, a nd the 

candidate position is evaluated. In this case, the indicator 

of likelihood is multiplied by this probability as a 

likelihood of judged NLOS or LOS. That is, the like lihood of 

candidate position is multiplied by the probability  of LOS 

( ) ( ) xdxdP d mapmin ,0,NNLOS
min

σ∞∫= (16) Equation・・・
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when the positioning satellite 41 within vision is judged as 

LOS, and is multiplied by the probability of NLOS w hen it is 

judged as NLOS. 

[0130] 

      For example, assuming that the likelihood fun ction in 

the particle filter explained in the second embodim ent is 

α
(i) (t)=L multipath Ltransition , this likelihood function is 

multiplied by P(LOS|d min ) or P(NLOS|d min ) in the number of the 

positioning satellites 41. As a result, the likelih ood 

function will be the following Equation (17). 

[0131] 

[0132] 

 The structures of the position detection device 11  and 

other points in operations are similar to those exp lained in 

the first and second embodiments, therefore descrip tion about 

them is omitted. 

[0133] 

Next will be described a fifth embodiment of the pr esent 

invention. Structural features similar to the first  through 

fourth embodiments are denoted by common reference numerals, 

and repeated description of operation and effects s imilar to 

those of the first through fourth embodiments is om itted. 

[0134] 

 FIG. 13 is a view showing constitution of a positi on 

detection system in a fifth embodiment of the prese nt 

invention. 

( )( ) ( )∏=
=

N

n
nn

i dPLLt
1

min,transitionmultipath NLOSα (17) Equation・・・
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[0135] 

 In the position detection system of this embodimen t, 

the position detection device 11 is not equipped wi th the 

positioning unit 21 as a functional part, as shown in FIG 13, 

but is equipped, instead of the positioning unit 21 , with a 

positioning-calculating part 28 for calculating the  initial 

position based on the pseudo range calculated by th e pseudo 

range calculation part 14 of the receiving unit 12.  On the 

other hand, the information service server 31 is eq uipped 

with the positioning unit 21 including the position  

calculation part 22 for calculating the position of  the 

position detection device 11, the circumference sea rch part 

23 for searching a plurality of positions existing around the 

position calculated by the position calculation par t 22, the 

NLOS reflected path estimating part 24, for estimat ing the 

delay distance of the NLOS reflected path included in the 

multipath, which may occur in signal propagation be tween the 

position detection device 11 and the positioning sa tellites 

41, the candidate position selecting part 25 for se lecting 

candidate positions based on the positions searched  by the 

circumference search part 23, the output deciding p art 26, 

served as a current position deciding part, for dec iding and 

outputting current positions of the position detect ion device 

11 based on the candidate positions selected by the  candidate 

position selecting part 25, and the map data-base 2 7 for 

memorizing and storing map data including three-dim ensional 

map data. 
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[0136] 

 The position detection device 11 transmits data su ch as 

the position of the positioning satellite 41 output ted by the 

receiving unit 12, the pseudo range, and the receiv ed signal 

strength, and a data including the initial position  

calculated by the positioning- calculating part 28,  to the 

information service server 31 via the telecommunica tion part 

17. Then, the information service server 31, based on the 

data received from the position detection device 11 , selects 

plural candidate positions around the initial posit ion using 

the three-dimensional map data and the ray-tracing method, 

decides and outputs the current position based on t he 

selected candidate position, and sends back the out putted 

current position to the position detection device 1 1. 

[0137] 

 As described above, according to the position dete ction 

system of this embodiment, the position detection d evice 11 

is not equipped with the positioning unit 21 as a f unctional 

part but the information service server 31 is equip ped with 

it, thereby operation load and memory load of the p osition 

detection device 11 may be reduced. Therefore, the position 

detection device 11 is able to continue to output a n accurate 

current position for a long time, even if it is a d evice, 

such as a cellular phone or a smart phone, with rel atively 

poor operational and memorial ability and with a ba ttery or 

other power sources of small capacity.  

[0138] 
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      By connecting many position detection devices  11 

communicably to the information service server 31, it will be 

possible to accumulate the data received from every  position 

detection devices 11 in the information service ser ver 31 and 

to use it as the so-called probe data. 

[0139] 

 In this embodiment, although an example of transfe rring 

all the functions of the positioning unit 21 from t he 

position detection device 11 to the information ser vice 

server 31 is explained, it is possible to transfer a part of 

the functions of the positioning unit 21, such as t he map 

data-base 27, to the information service server 31 and to 

leave the remaining functions in the position detec tion 

device 11. Further, both of the information service  server 31 

and the position detection device 11 are able to ha ve all the 

functions of the positioning unit 21. 

[0140] 

      It is properly selectable on a case-by-case b asis 

whether the data, such as the current position, cal culated by 

the information service server 31 should be sent to  the 

position detection device 11 or not. For example, i n case 

that the purpose is accumulation of the probe data,  it is not 

necessary to send back the calculated data to the p osition 

detection device 11. 

[0141] 

 Other points in structures and operations of the 

position detection device 11 and the information se rvice 
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server 31 are similar to those explained in the fir st through 

fourth embodiments, therefore description about the m is 

omitted. 

[0142] 

 Next will be described a sixth embodiment of the 

present invention. Structural features similar to t he first 

through fifth embodiments are denoted by common ref erence 

numerals, and repeated description of operation and  effects 

similar to those of the first through fifth embodim ents is 

omitted. 

[0143] 

 The structural change of a structure by rebuilding  etc. 

is taken into consideration in this embodiment. Spe cifically, 

in case that a path goes near edges of a structure,  as shown 

in FIG. 11, this structure will be not judged to ex ist if the 

signal propagation from the positioning satellite 4 1 is 

distinguished to be presumed as LOS path (direct pa th) more 

likely than as NLOS path (reflected path) according  to the 

methods of (7)-(9) explained in the third embodimen t. That is, 

if a portion of ray reaching the structure is withi n the 

error range of the structure presumed based on the afore 

mentioned error model of structure, it will be judg ed that an 

error in measurement the structure is its cause, an d if the 

portion of ray is outside the error range of the st ructure, 

it will be judged that the structure does not exist . 

[0144] 

 In this embodiment as well as in the third embodim ent, 
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in case that the absolute value |d min | of the minimum distance 

dmin  is equal to the threshold d threshold  or more, it is judged 

with referring to three-dimensional map data whethe r any 

obstacle exists on the line segment connecting the current 

position of the position detection device 11 and ea ch 

positioning satellite 41 or not, then the positioni ng 

satellite 41 is judged as LOS or NLOS. When the thr ee-

dimensional map data is much different from the rea lity due 

to rebuilding of the structure or others, the struc ture is 

not judged to exist. This judgement is performed by  one or 

more methods selected from the following (10)-(14).  

      (10) In case that the residual of least-squar es method 

is less when LOS is presumed than when NLOS is pres umed, the 

structure is not judged to exist.  

      (11) In case that any reflected path is not f ound 

although a ray(s) from one or more positioning sate llites 41 

in a certain direction is distinguished as NLOS pat h, the 

structure is not judged to exist. 

      (12) In case that, although a ray(s) from one  or more 

positioning satellites 41 in a certain direction is  

distinguished as NLOS path, the received signal str ength of 

the ray(s) is much stronger than the average streng th of 

received signals from the positioning satellites 41 , the 

structure is not judged to exist. 

      (13) In case that one or more cases explained  in (10)-

(12) are continually observed for a certain time pe riod, the 

structure is not judged to exist. 



PCT/JP2014/062784 

 64

      (14) In case that cases explained in (10)-(13 ) are 

observed by a plurality of position detection devic e 11, the 

structure is not judged to exist. 

[0145] 

 A final judgment that the structure does not exist  is 

preferably made based on judgments of a plurality o f position 

detection devices 11. Especially, in cases that the  rays 

cross different parts of the structure, there is a high 

probability that the structure does not exist. So e ach 

position detection device 11 preferably communicate s with the 

information service server 31 and, when judging tha t the 

structure does not exist, sends to the information service 

server 31 its judgment with data including the curr ent 

position of the position detection device 11 and su ch data 

outputted by the receiving unit 12 as the position of the 

positioning satellite 41, the pseudo range, or the received 

signal strength. 

[0146] 

 Thereby, the information service server 31 is able  to 

make a final judgment that the structure does not e xist, 

based on judgments of a plurality of position detec tion 

devices 11, and is able to correct the three-dimens ional map 

data by, for example, putting up a flag indicating non-

existence at the place of the structure in the thre e-

dimensional map data. The flag may be put up, for e xample, at 

each cell of a 1 [m] cube mesh or over the whole st ructure. 

Such a correction may be reflected on the three-dim ensional 
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map data included in the map data-base 27 of the po sition 

detection device 11 if the position detection devic e 11 

receives it from the information service server 31.  

[0147] 

 The existence of structure not included in the thr ee-

dimensional map data may be estimated by collecting  data from 

many position detection devices 11. 

[0148] 

      For example, in case that a structure is not deemed to 

exist in the three-dimensional map data but exists in realty, 

such that a tall building is newly constructed in a n open 

space, a positioning satellite(s) 41 being in the s hade of 

the structure is out of consideration and is not us ed for 

positioning since inconsistency is caused in multip ath 

presumption, etc. Therefore, the positioning itself  can be 

performed as usual and it is possible to collect da ta about 

the positioning satellite(s) 41, which is inconsist ently 

judged as LOS or NLOS from the coordinates. The inf ormation 

service server 31 is able to estimate the shape of the 

structure not included in three-dimensional map dat a by 

collecting such data from many position detection d evices 11. 

[0149] 

 For example, even if the possibility of LOS is hig h 

based on the ray-tracing method and the three-dimen sional map 

data, there may be a case that the positioning sate llite 41 

is suspected of being NLOS according to the methods  of (7)-

(9) explained in the third embodiment. To be suspec ted being 
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NLOS suggests a possibility that a structure (not i ncluded in 

three-dimensional map data) which interrupts the pa th may 

exist on the path. In such a case, probability dist ribution 

of structure is decided by a vote on each cubic mes h of the 

three-dimensional map data. When performing a struc ture 

probability vote on the cubic mesh, a robust design  is 

achieved by providing adjacent cubic meshes with vo te 

distribution probability distribution. In this case , a hole 

structure is not able to be created since the shape  of the 

structure is unknown. 

[0150] 

      In this embodiment, although an example of an  

information service server 31, which collects a lot  of data 

from many position detection devices 11 by communic ating with 

them and corrects the three-dimensional map data ab out 

existence or nonexistence of the structure, is expl ained, it 

is possible that many position detection devices 11  

themselves collect data by communicating each other  and 

correct the three-dimensional map data about existe nce or 

nonexistence of the structure. 

[0151] 

 Other points in structures and operations of the 

position detection device 11 and the information se rvice 

server 31 are similar to those explained in the fir st through 

fifth embodiments, therefore description about them  is 

omitted. 

[0152] 
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  Next will be described a seventh embodiment of th e 

present invention. Structural features similar to t he first 

through sixth embodiments are denoted by common ref erence 

numerals, and repeated description of operation and  effects 

similar to those of the first through sixth embodim ents is 

omitted. 

[0153] 

FIG. 14 is a view showing the search points by the 

second method in a seventh embodiment of the presen t 

invention. 

In this embodiment, the second method of detecting 

current position in consideration of the multipath effect is 

the same as that of the first and second embodiment s with 

regard to the following point: they are the method comprising 

making a position detected by solving Equation (1) as the 

initial position, calculating the pseudo ranges at plural 

search points set around the initial position, sele cting the 

candidate positions based on the pseudo ranges, and  detecting 

the current position based on the candidate positio ns of the 

lesser than predetermined distance from the initial  position. 

Though, this embodiment is different with regard to  the 

following point: when selecting the candidate posit ions, it 

verifies similarity between the pseudo range row R , which is 

a set of the pseudo ranges to the positioning satel lites 41 

measured by the receiving unit 12, and the pseudo r ange row 

( )
R̂

i
, which is a set of the search point pseudo ranges 

including the multipath delay distances including t he NLOS 
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reflected path delay distances estimated by the thr ee-

dimensional map data and the ray-tracing method, th en selects 

the search points of high similarity as the candida te 

positions. 

[0154] 

 The structure of the position detection device 11 and 

the first method of detecting current positions in 

consideration of the multipath effect are similar t o those of 

the first embodiment, therefore repeated descriptio n about 

them is omitted. 

[0155] 

 From the view of the genuine position of the posit ion 

detection device 11, the distance to the positionin g 

satellite 41 estimated by the three-dimensional map  data and 

the ray-tracing method should be equal to that meas ured by 

the receiving unit 12. So, in this embodiment, an o bserved 

value or the distance to the positioning satellite 41 

measured by the receiving unit 12 is compared with an 

estimated value or the distance to the positioning satellite 

41 estimated by the three-dimensional map data and the ray- 

tracing method. 

[0156] 

 When the signal propagation from the positioning 

satellite 41 is a LOS path, the estimate value cons ists with 

distance in a straight line and, when it is a refle cted path, 

the estimate value consists with the length of the reflected 

path calculated by the ray-tracing method. Since th e pseudo 
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range to the positioning satellite 41 measured by t he 

receiving unit 12 includes errors such as a time de lay of 

clock of the receiving unit 12 from GPS time scale or a delay 

distance due to ionosphere, the overserved value co nsists 

with a value excluding such errors. The overserved value 

corresponds to the length of the reflected path, si nce an 

effect of reflected path is not able to judge just by an 

overserved signal.  

      In this embodiment as well as in the first an d second 

embodiments, the position calculation part 22 uses the pseudo 

range row R  outputted at a predetermined time interval by 

the receiving unit 12 and, by solving Equation (1) using the 

method of weighted least squares at each time when 

coordinates of the positioning satellite 41 or the satellite 

position xsv
i  is received, calculates the position xr

of 

antenna 15 or the receiving unit 12 to set up it as  an 

initial position 0x
. 

      Then, the circumference search part 23, as we ll as in 

the first and second embodiments, sets up search po ints ( )P i  

at a plurality of positions around the initial posi tion 0x  

set by the position calculation part 22. In an exam ple shown 

in FIG. 14, a round mark 56 shows the initial posit ion 0x , 

and round marks 57-1 to 57-3 show the search points  ( )P 1  to 

( )P 3 . Any real current position or any genuine current 

position of the position detection device 11 is not  depicted 

but is on the right side of the road and near the r ound mark 

56. 
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[0157] 

 As described above, in this embodiment, when selec ting 

the candidate positions from the search points, the  position 

detection device 11 verifies similarity between the  pseudo 

range row R , which is a set of the pseudo ranges to the 

positioning satellites 41 measured by the receiving  unit 12, 

and the pseudo range row 
( )

R̂
i

, which is a set of the search 

point pseudo ranges including the multipath delay d istances 

including the NLOS reflected path delay distances e stimated 

by the three-dimensional map data and the ray-traci ng method, 

then evaluates the search points 
( )P i

. That is, the search 

points 
( )P i

 with high similarity are selected as the candidate  

positions. The following methods (15)-(17) are avai lable with 

regard to this. 

[0158] 

      (15) The similarity is verified by comparing a result of 

subtracting a distance corresponding to time delay 
rtδ  of 

clock of the receiving unit 12 from GPS time scale or, a 

receiving unit clock delay distance, from the pseud o range 

row R  measured by the receiving unit 12 with a distance 

between the search point 
( )P i

 and the positioning satellite 41. 

      (16) The similarity is verified by comparing the pseudo 

range row R  measured by the receiving unit 12 with the 

pseudo range row 
( )

R̂
i

 as the search point pseudo range 

calculated including the receiving unit clock delay  distance.  

[0159] 

 (17) The similarity is verified by comparing the 
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difference between pseudo ranges each other in the pseudo 

range row R  measured by the receiving unit 12 with the 

difference between pseudo ranges each other in the pseudo 

range row 
( )

R̂
i

 as the search point pseudo range. 

      Since the methods (15)-(17) are logically equ ivalent, 

for the convenience of description, just a case whe re the 

method (16) is employed will be described. 

[0160] 

According to the Equation (3), the candidate positi on 

selecting part 25 calculates the pseudo range row 
( )

R̂
i

, as a 

search point pseudo range, on all the search points  ( )P i . The 

NLOS reflected path estimating part 24, as well as in the 

first embodiment, estimates multipath delay distanc e εmultipath
 

including the delay distance of NLOS reflected path  by the 

ray-tracing method and the three-dimensional map da ta. 

      The candidate position selecting part 25 veri fies the 

similarity by comparing the pseudo range row R  measured by 

the receiving unit 12 with the pseudo range row 
( )

R̂
i

 as the 

search point pseudo range. For example, by the foll owing 

Equation (18), the average of the difference of the  pseudo 

range regarding every positioning satellite 41 is c alculated, 

and the average is used as index showing the simila rity. 

[0161] 

 In this Equation, Rn denotes the pseudo range calculated 

regarding n th  positioning satellite 41, and N  denotes the 

( )

N

RR
N
n

i
nn∑ −=1

ˆ
(18) Equation・・・



PCT/JP2014/062784 

 72

number of the positioning satellites 41 observed. 

      The average according to the equation (18) me ans that, 

the less the average becomes, the more the similari ty becomes 

and that, the more the average becomes, the less si milarity 

becomes. 

[0162] 

 Regarding search points ( )P 1  to ( )P 3  shown as round marks 

57-1 to 57-3 in FIG. 14, averages were calculated a ccording 

to the Equation (18). The calculated averages were 6.70 

regarding the search point ( )P 1 , 6.21 regarding the search 

point ( )P 2 , and 16.02 regarding the search point ( )P 3 . 

      Therefore, it is possible to exclude the sear ch point 

( )P 3
, which is on the left side of the road and far awa y from 

the initial position 0x , from the candidate positions for the 

genuine current position, by setting a threshold ap propriate 

to exclude any search point with low similarity and  high 

average of difference of the pseudo ranges.   

      Other points in operations are similar to tho se 

explained in the first and second embodiments, ther efore 

description about them is omitted. 

[0163] 

As described above, according to the present embodi ment, 

the similarity between the pseudo range row R , which is a 

set of the pseudo ranges to the positioning satelli tes 41 

measured by the receiving unit 12, and the pseudo r ange row 

( )
R̂

i

, which is a set of the search point pseudo ranges 

including the NLOS reflected path delay distances e stimated 
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by the three-dimensional map data and the ray-traci ng method, 

is made as an evaluation indicator to narrow down t he 

candidate positions. That is, the similarity is mad e a 

criterion to select the candidate positions. The si milarity 

may be used as a lone evaluation indicator or crite rion to 

narrow down the candidate positions, and it also ma y be 

joined to the evaluation indicators or criteria to select the 

candidate positions explained in the first and seco nd 

embodiments.   

[0164] 

Next will be described an eighth embodiment of the 

present invention. Structural features similar to t he first 

through seventh embodiments are denoted by common r eference 

numerals, and repeated description of operation and  effects 

similar to those of the first through seventh embod iments is 

omitted. 

[0165] 

FIG. 15 is a view showing an example of correlation  wave 

outputted by a correlator in an eighth embodiment o f the 

present invention. FIG. 16 is a set of views showin g a locus 

of current positions detected by considering a poss ibility of 

antiphase multipath in the eighth embodiment of the  present 

invention. In FIG. 16, (a) shows a result of a case  not 

calculating any pseudo range when the positioning s atellite 

is LOS and a received power is equal to a threshold  or less 

and, and (b) shows a result of a case considering t he 

possibility of antiphase multipath when the positio ning 
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satellite is LOS and a received power is equal to t he 

threshold or less.  

[0166] 

 In the first and second embodiments, based on 

consideration of compatibility with the visibility of the 

positioning satellite 41 estimated from the intensi ty of 

received power, and based on presumption that the p ositioning 

satellite 41 cannot be LOS when the intensity of re ceived 

power is weak, any pseudo range from a search point  to a 

positioning satellite 41 is not calculated if the p ositioning 

satellite 41, the received power from which is equa l to a 

predetermined threshold or less, is recognized as L OS at the 

search point. 

[0167] 

 However, in case that the intensity of received po wer 

is weak, there is a possibility of so-called antiph ase 

multipath besides the positioning satellite 41 bein g NLOS. 

Then, in this embodiment, the three-dimensional map  data and 

the ray-tracing method are used, and a possibility of 

antiphase multipath is considered in case that a po sitioning 

satellite 41 in sight from a search point is LOS an d that a 

pseudo range observed at the search point is close to a 

pseudo range estimated based on the three-dimension al map 

data and the ray-tracing method. That is, a positio ning 

satellite 41 may be judged as LOS even if the inten sity of 

received power from it is weak. The possibility bec omes 

higher in case that the observed pseudo range is sh orter than 
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the estimated one. 

[0168] 

      Even in case that the positioning satellite 4 1 is LOS, 

the receiving unit 12 is subject to the multipath e ffect and 

may receive a signal propagated through a reflected  path 

other than one through a direct path. The antiphase  multipath 

means a multipath in which a phase of signal, propa gated 

through a direct path from the positioning satellit e 41 and 

received by the receiving unit 12, and a phase of s ignal, 

propagated through a reflected path from the positi oning 

satellite 41 and received by the receiving unit 12,  are 

different about 180 degrees or are in almost antiph ase each 

other. A usual GPS receiver, such as the receiving unit 12, 

is equipped with a correlator (correlation-type rec eiver), 

and detects real peaks from shapes of correlation w aves of a 

very weak signal. Therefore, when a phase of receiv ed signal 

propagated through a direct path and a phase of rec eived 

signal propagated through a reflected path are in a lmost 

antiphase each other, they cancel each other, so th at the 

peaks become low and the intensity of received powe r becomes 

weak. 

[0169] 

 Therefore, in case that the intensity of received power 

is weak, it can be identified whether the positioni ng 

satellite 41 is NLOS or the antiphase multipath, by  

evaluating symmetric property of the shape of corre lation 

wave outputted by correlator (not shown) of the rec eiving 
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unit 12. It is thought to be NLOS when the symmetri c property 

is low, and it is thought to be the antiphase multi path when 

the symmetric property is high. 

[0170] 

      As shown in FIG. 15, it has already been veri fied that 

the peak of correlation waves outputted by a correl ator of a 

GPS receiver may deviate to the right or to the lef t due to 

the influence of multipath (For example, refer to N on-Patent 

Document 2.). In FIG. 15, the vertical axis denotes  a 

correlation value (dimensionless), and the horizont al axis 

denotes time (chip). 1 [chip] is equivalent to a de lay 

distance of about 300 [m]. 

Non-Patent Document 2: Nobuaki Kubo, Akio Yasuda, T akashi 

Suzuki, “The Possibility of the Precise Positioning  and 

Multipath Error Mitigation”, the Institute of Elect ronics, 

Information and Communication Engineers, ITS study group 

research paper, “Technical Report of IEICE” July 20 04, pp. 1-

6.  

[0171] 

 In case that it is more naturally considered as th e 

antiphase multipath than as NLOS by the judgment co mbining a 

locus (i.e., tracking) of the moving search point a nd a time 

series data of the intensity of received power, for  example, 

in case that it ought not to be considered suddenly  changed 

into NLOS by presuming from thitherto positions of the search 

point, it is judged as the antiphase multipath. 

[0172] 
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 In this embodiment, when the intensity of received  

power from the positioning satellite 41 is weak, th e 

positioning unit 21 judges whether the signal propa gation 

from the positioning satellite 41 is LOS or NLOS, b ased on 

the shape of correlation wave outputted by correlat or of the 

receiving unit 12. Then, when the symmetric propert y of the 

shape of correlation wave is high, the positioning unit 21 

judges that the signal propagation from the positio ning 

satellite 41 is LOS and the antiphase multipath.  

[0173] 

 FIG. 16 shows the output positions outputted by th e 

output deciding part 26 or the current positions of  the 

position detection device 11 plotted on a map. FIG.  16 (a) 

shows a result of a case that, as well as in the fi rst and 

second embodiments, the search point, from which th e 

positioning satellite 41 of received power of inten sity less 

than a predetermined threshold is recognized as LOS , is 

disposed or is not selected as the candidate positi on, and 

the output position is calculated. FIG. 16 (b) show s a result 

of a case that even the search point, from which th e 

positioning satellite 41 of received power of inten sity less 

than a predetermined threshold is recognized as LOS , is not 

disposed and is selected as the candidate position in 

consideration of probability of the antiphase multi path, and 

the output position is calculated. The map in FIG. 16 is a 

three-dimensional map showing a vicinity of a cross ing at the 

near-center of FIG. 5. 
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[0174] 

      In FIG. 16, a plurality of square marks 58 sh ows an 

actual locus which the inventors moved on the stree t with the 

position detection device 11 (GPS receiver). A plur ality of 

round marks 59 shows a locus of the current positio ns of the 

position detection device 11 outputted by the outpu t deciding 

part 26. 

[0175] 

 It is apparent that some points, which are unable to be 

calculated as the output positions in FIG. 16 (a), are 

calculated in FIG. 16 (b). In figures, while the su ccess rate 

of search is about 70 [%] as the result shown in FI G. 16(a), 

it is up to 90 [%] or more as the result shown in F IG. 16(b). 

[0176] 

The structures of the position detection device 11 and 

other points in operations are similar to those exp lained in 

the first and second embodiments, therefore descrip tion about 

them is omitted. 

[0177] 

  Next will be described a ninth embodiment of the 

present invention. Structural features similar to t he first 

through eighth embodiments are denoted by common re ference 

numerals, and repeated description of operation and  effects 

similar to those of the first through eighth embodi ments is 

omitted. 

[0178] 

       FIG. 17-1 is a set of views showing relation s between 
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reflected waves and correlation waves outputted by a 

correlator in a ninth embodiment of the present inv ention. 

FIG. 17-2 is a set of views showing relations betwe en delay 

distances and multipath errors in the ninth embodim ent of the 

present invention. FIG. 18 is a view showing a curr ent 

position detected with compensating the multipath e rror in 

the ninth embodiment of the present invention. In F IG. 17-1, 

(a) shows a case that a reflected wave is in phase,  and (b) 

shows a case that a reflected wave is in antiphase.  In FIG. 

17-2, (a) shows a case of a usual correlator and (b ) shows a 

case of comparing plural types of correlators. 

[0179] 

 In the first and second embodiments, based on 

consideration of compatibility with the visibility of the 

positioning satellite 41 estimated from the intensi ty of 

received power, and based on presumption that the p ositioning 

satellite 41 cannot be NLOS but should be LOS when the 

intensity of received power is strong, the pseudo r ange from 

the search point to the positioning satellite 41 is  

calculated without considering the reflected path.  

[0180] 

      However, even in case that the positioning sa tellite 41 

is LOS, the receiving unit 12 is subject to the mul tipath 

effect and may receive a signal propagated through a 

reflected path other than one through a direct path . Then, in 

this embodiment, the three-dimensional map data and  the ray-

tracing method are used, whether the signal propaga tion from 
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the positioning satellite 41 is LOS or NLOS is judg ed, then, 

in case of LOS, whether it is a multipath including  both a 

direct path and a reflected one or not is judged, f urther, in 

case of the multipath, the pseudo range calculated by the 

receiving unit 12 is compensated by considering the  delay of 

reflected path, and the current position is decided  based on 

the compensated pseudo range. That is, in case that  the 

intensity of the received power from the positionin g 

satellite 41 is strong, the positioning unit 21 jud ges 

whether the positioning satellite 41 is LOS or NLOS  using 

three-dimensional map data and the ray-tracing meth od, and, 

in cases of LOS and of the multipath, compensates t he pseudo 

range in consideration of delay, and decides the cu rrent 

position based on the compensated pseudo range. 

[0181] 

 In case that the positioning satellite 41 is NLOS,  the 

signal from the positioning satellite 41 is not emp loyed for 

positioning calculation, as well as in the cases of  the first 

and second embodiments. 

[0182] 

 In case that the positioning satellite 41 is LOS, it is 

judged whether only the direct wave (the signal pro pagated 

through the direct path) from the positioning satel lite 41 is 

received or not only the direct wave but also the r eflected 

wave (the signal propagated through the reflective path) 

reflected on the wall surface of the building or ot hers is 

received, that is, the multipath is received. 
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[0183] 

 There are two methods for judging whether it is th e 

multipath or not. 

[0184] 

 The first one is a method of judging the course of  

signal propagation or the path, by using the three-

dimensional map data and the ray-tracing method. In  this 

method, if both the direct path and the reflected p ath exist 

from the positioning satellite 41 to the position d etection 

device 11 or the receiving unit 12, it is judged as  the 

multipath, and if only the direct path exists, it i s judged 

as not the multipath. 

[0185] 

 The second one is a method of judging based on the  

shape of the correlation wave outputted by the corr elator. In 

an environment where only a direct wave is received , the 

shapes of the correlation waves are shown as full l ines in 

FIG. 17-1. However, if the reflected waves, shown a s dashed 

lines, are also received simultaneously, the shapes  of the 

correlation wave outputted become distorted, shown as chain 

lines. Therefore, based on the shape of the correla tion wave, 

it is possible to be judged as the multipath, inclu ding both 

the direct path and the reflected path, or not. The  shapes of 

the correlation waves vary according to the phase d ifference 

between the direct wave and the reflected wave. Tha t is, if 

they are in phase, the right side swells as shown i n FIG. 17-

1 (a), and if they are out of phase, the right side  dents as 
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shown in FIG. 17-1 (b). 

[0186] 

 The inventors of the present invention experimente d 

with employing the first method. In the first metho d, if 

existence of the reflected path is judged by the th ree-

dimensional map data and the ray-tracing method, th e delay 

distance of the reflected path from the direct path  may be 

calculated. The phase between the direct wave and t he 

reflected wave may be judged by referring to the in tensity of 

received power. That is, if the intensity of receiv ed power 

is strong, they are judged in phase, and if it is w eak, they 

are judged in antiphase. In case that the receiving  unit 12 

is possible to output the correlation wave, the pha se between 

the direct wave and the reflected wave may be judge d based on 

the shape of the correlation wave. 

[0187] 

 There are following two methods, (18) and (19), as  

methods for considering the delay. 

      (18) With assuming an equalized model (based on an 

experience value), an error of detection (distance 

measurement) is estimated. 

      (19) With piling up a reflected wave calculat ed 

considering the surface material (reflection factor ) of 

structures, such as buildings, over the wave, an er ror of 

detection (distance measurement) is estimated. 

[0188] 

      The magnitude of multipath error included in the pseudo 
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range corresponding to the delay distance of the re flected 

path from the direct path is decided in accordance with the 

type of correlator, the intensity of the reflected wave, the 

phase, and the delay distance. The theoretical valu e of the 

magnitude becomes as shown in FIG. 17-2. 

[0189] 

 As shown in FIG. 17-2, the relation between the de lay 

distance and the multipath error, theoretically cal culated 

based on the specification of correlator, is verifi ed (For 

example, refer to Non-Patent Document 3.). In FIG. 17-2, (a) 

shows a case of a usual correlator and (b) shows a case that 

plural types of correlators are compared. The value s shown in 

FIG. 17-2 are calculated assuming that the amplitud e of the 

multipath reflected wave is a half of that of the d irect wave 

(the signal propagated through the direct path). Ac tually, 

the amplitude and delay distance of the multipath r eflected 

wave vary every moment, so the multipath error occu rs within 

the maximum values shown in FIG. 17-2. 

Non-Patent Document 3: M. Braasch, “Performance com parison of 

multipath mitigating receiver architectures,” in Ae rospace 

Conference, 2001, IEEE Proceedings., vol. 3, 2001,  

pp.3/1309-3/1315 vol.3. 

[0190] 

      Based on this, discussed will be a model of m ultipath 

error in the position detection device 11 (GPS rece iver), 

which the inventors of the present invention employ ed for the 

experiment. Correlators of recent GPS receivers are  usually 
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so-called narrow correlators. Therefore, based on F IG. 17-2 

(b) and assuming that a narrow correlator is employ ed, the 

multipath error ε regarding the delay distance d is supposed 

to be denoted by the following Equation (19) or (20 ) as a 

simplified estimation. 

ε=( α／30)d   (d ＜30)  ・・・Equation (19) 

ε=α      (d ≧30)  ・・・Equation (20) 

      In these Equations, α is supposed to be 6 [m] based on 

experiment. 

[0191] 

 The positioning unit 21 calculates the multipath e rror 

ε corresponding to the delay distance d, and compens ates the 

pseudo range with the multipath error ε. 

[0192] 

 FIG. 18 shows a result of positioning by the inven tors 

standing still for 20 seconds with the position det ection 

device 11, that is, a result of the first experimen t 

detecting the current position by the position dete ction 

device 11. 

[0193] 

 Specifically, it is a result of solving Equation ( 1) 

using the weighted least squares method (least-squa res method 

with weighting), without using such a method of set ting 

plural positions (search points) around the initial  position 

and calculating the pseudo ranges at the plural pos itions as 

explained in the first and second embodiments. The map in FIG. 

18 is a three-dimensional map expanding and showing  a 
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vicinity of a crossing in FIG. 16. 

[0194] 

 In FIG. 18, a square mark shows the genuine curren t 

position of the position detection device 11 situat ed at the 

northwest corner of the crossing. Triangle marks 61  are the 

results of positioning calculation by using the obs erved 

pseudo range or the pseudo range outputted by the r eceiving 

unit 12 without any compensation. Round marks 62 ar e the 

result of calculating multipath error ε from the observed 

pseudo range based on the above mentioned model of 

positioning calculation by using the pseudo range c ompensated 

by the multipath error ε. Since they are the result of 

positioning calculation for 20 seconds, there are p lural 

results of positioning calculation with triangle ma rks 61 and 

round marks 62. It is apparent that the round marks  62 are 

closer to the genuine current position than the tri angle 

marks 61. 

[0195] 

 As described above, the pseudo range outputted by the 

receiving unit 12 includes the multipath error, and  the 

average error included in the result of positioning  for 20 

seconds was 13.7 [m]. After compensating the pseudo  range by 

the multipath error, the average error for 20 secon ds was 

able to be reduced to 6.8 [m]. 

[0196] 

 Next will be explained the result of the second 

experiment in this embodiment. In the second experi ment, the 
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following point is the same as the second embodimen t: The 

point is that a position detected through solving E quation 

(1) is set as the initial position, the pseudo rang es at 

plural search points randomly set up around the ini tial 

position are calculated, the candidate positions ar e selected 

based on the pseudo ranges, the likelihoods are cal culated 

through evaluations using such indicators as the di stance 

from the initial position and the travel distance f rom the 

preceding position, and the current position is est imated by 

calculating the weighted average based on the likel ihoods. 

Though, the following point is different from the s econd 

embodiment: The point is that the multipath error ε denoted 

by Equation (19) or (20) is taken into consideratio n. 

[0197] 

FIG. 19 is a view showing a first example of ray-tr acing 

at a genuine current position in the ninth embodime nt of the 

present invention. FIG. 20 is a set of views showin g a first 

example of candidate positions in the ninth embodim ent of the 

present invention. FIG. 21 is a view showing a seco nd example 

of ray-tracing at a genuine current position in the  ninth 

embodiment of the present invention. FIG. 22 is a s et of 

views showing a second example of candidate positio ns in the 

ninth embodiment of the present invention. In FIGS.  20 and 22, 

(a) shows a case of not considering multipath error  ε, and 

(b) shows a case of considering multipath error ε. 

[0198] 

      In FIG. 19, signal propagations from the posi tioning 
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satellites 41 at the first current position are sho wn.  

The map in FIG. 19 is a three-dimensional map showi ng a 

vicinity of the same crossing as in FIG. 18, and a square 

mark shows the genuine current position of the posi tion 

detection device 11 situated at the northeast corne r of the 

crossing. The line 45 designates a direct path or a  signal 

propagation from a positioning satellite 41 in sigh t from the 

current position of the position detection device 1 1, and the 

line 46 designates a reflected path or a signal pro pagation, 

from a positioning satellite 41, reflected on a str ucture 

surface. In FIG. 19, since there are four of the li nes 45 

designating direct paths, and four of the lines 46 

designating reflective paths, it is apparent that s ignals 

from all the four positioning satellites 41 are ide ntified as 

the multipath. 

[0199] 

 In case of not considering multipath error ε, the 

average difference between the pseudo range observe d at the 

genuine current position or the correct coordinates  and the 

pseudo range estimated based on the three-dimension al map 

data and the ray-tracing method was 2.1 [m], and a 

distribution of the candidate positions was as show n in FIG. 

20 (a). In FIGS. 20 (a) and (b), a plurality of sma ll round 

marks 65 designates the candidate position of low l ikelihood, 

a plurality of slightly big round marks 64 designat es the 

candidate position of high likelihood, and a single  biggest 

round mark 63 designates the weighted average of al l of the 
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candidate position or a result of estimation. The e rror of 

the result of estimation was 3.3 [m]. 

[0200] 

      On the other hand, in case of considering mul tipath 

error ε, the average difference between the pseudo range 

observed at the genuine current position and the ps eudo range 

estimated based on the three-dimensional map data a nd the 

ray-tracing method was 0.5 [m], and the distributio n of the 

candidate positions was as shown in FIG. 20 (b). An d the 

error of the result of estimation was 0.5 [m]. As c ompared 

with the case of not considering multipath error ε, the error 

of the result of estimation was reduced greatly. 

[0201] 

      In FIG. 21, signal propagations from the posi tioning 

satellites 41 at the second current position are sh own.  

The map in FIG. 21 is a three-dimensional map showi ng a 

vicinity of the same crossing as in FIGS. 18 and 19 , and a 

square mark shows the genuine current position of t he 

position detection device 11 situated at the northw est corner 

of the crossing. As well as in FIG. 19, the line 45  

designates a direct path or a signal propagation fr om a 

positioning satellite 41 in sight from the current position 

of the position detection device 11, and the line 4 6 

designates a reflected path or a signal propagation , from a 

positioning satellite 41, reflected on a structure surface.  

In FIG. 21, since there are four of the lines 45 de signating 

direct paths, and three of the lines 46 designating  
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reflective paths, it is apparent that signals from three of 

the four positioning satellites 41 are identified a s the 

multipath. 

[0202] 

  In case of not considering multipath error ε, the 

average difference between the pseudo range observe d at the 

genuine current position and the pseudo range estim ated based 

on the three-dimensional map data and the ray-traci ng method 

was 1.9 [m], and a distribution of the candidate po sitions 

was as shown in FIG. 22 (a). The error of the resul t of 

estimation was 12.9 [m]. 

[0203] 

On the other hand, in case of considering multipath  

error ε, the average difference between the pseudo range 

observed at the genuine current position and the ps eudo range 

estimated based on the three-dimensional map data a nd the 

ray-tracing method was 1.5 [m], and the distributio n of the 

candidate positions was as shown in FIG. 22 (b). An d the 

error of the result of estimation was 2.3 [m]. As c ompared 

with the case of not considering multipath error ε, the error 

of the result of estimation was reduced greatly. 

[0204] 

 The structures of the position detection device 11  and 

other points in operations are similar to those exp lained in 

the first and second embodiments, therefore descrip tion about 

them is omitted. 

[0205] 
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Next will be described a tenth embodiment of the pr esent 

invention. Structural features similar to the first  through 

ninth embodiments are denoted by common reference n umeral, 

and repeated description of operation and effects s imilar to 

those of the first through ninth embodiments is omi tted. 

[0206] 

 In this embodiment, calculation for positioning is  

performed considering the possibility of error in t he three-

dimensional map data, specifically the possibility of 

position error in direction perpendicular to wall s urfaces of 

the structure. That is, by moving the coordinates o f the 

outer wall surface of the structure in the perpendi cular 

direction, a position, where the residual of least- squares 

method or the error becomes small, is searched, and  this 

position is estimated as the actual coordinate of t he outer 

wall surface of the structure. Although the positio n 

detection device 11 detects the current position by  using the 

weighted least squares method and by solving an equ ation of a 

pseudo range row such as Equation (1), in this embo diment, it 

searches a position where the error becomes small a nd 

estimates the position as the actual position.  

[0207] 

 The error distribution is gained by voting such an  

estimated result in an error space. In this case, i t is 

possible to vote results of plural estimations perf ormed by 

one user using the position detection device 11, an d to vote 

results of estimations performed by each of plural user using 
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the position detection device 11. Also it is possib le to 

compensate the three-dimensional map data about the  

coordinate of the outer wall surface of the structu re based 

on the error distribution. 

[0208] 

      The present invention is not limited to the a bove 

embodiments, but may be diversely modified and vari ed. Thus, 

the modifications and variations are not excluded f rom the 

scope of protection of the present invention. 

 

INDUSTRIAL APPLICABILITY 

[0209] 

 The present invention is applicable to a position 

detection device, a position detection system, and a position 

detection method. 

 

DESCRIPTION OF REFERENCE NUMERALS 

[0210] 

11: Position detection device 

12: Receiving unit 

21: Positioning unit 

22: Position calculation part  

23: Circumference search part 

25: Candidate position selecting part 

26: Output deciding part 

31: Information service server 

41: Positioning satellite 
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CLAIMS 

1.   A position detection device comprising:  

a receiving unit receiving signals from a positioni ng 

satellite, the receiving unit calculating a pseudo range to 

the positioning satellite based on the signals, and  

a positioning unit, the positioning unit calculatin g an 

initial position based on the pseudo range calculat ed by the 

receiving unit, the positioning unit calculating th e pseudo 

range to the positioning satellite at plural positi ons around 

the initial position using a three-dimensional map data and a 

ray-tracing method, the positioning unit selecting candidate 

positions from the plural positions based on the ps eudo range, 

and the positioning unit deciding a current positio n based on 

the candidate positions within such a short distanc e from the 

initial position that predetermined conditions are satisfied.  

 

2.   The position detection device according to Cla im 1, 

wherein the plural positions are lattice points of a mesh set 

around the initial position,  

the positioning unit sets the mesh, sets the lattic e 

points as search points, calculates the pseudo rang e from 

each of the search points to each positioning satel lite, as a 

search point pseudo range including a NLOS reflecte d path 

delay distance estimated by the three-dimensional m ap data 

and the ray-tracing method, calculates a reference position 

based on the search point pseudo range, and selects , as the 

candidate positions, the search points of which dis tance 
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between the reference position and the initial posi tion is 

equal to a threshold or less.  

 

3.   The position detection device according to Cla im 2, 

wherein the positioning unit sets the mesh around t he 

selected candidate position, and repeats setting th e search 

points, calculating the search point pseudo range, 

calculating the reference position, and selecting t he 

candidate positions. 

 

4.   The position detection device according to any  one of 

Claims 1-3, wherein, when the number of the candida te 

position selected is less than a predetermined numb er, the 

positioning unit decides the candidate position of the 

shortest distance from the initial position as the current 

position, and, when the number of the candidate pos ition 

selected is equal to the predetermined number or mo re, the 

positioning unit selects again the candidate positi on of the 

distance from the initial position equal to the thr eshold or 

less, and decides the current position by calculati ng an 

average weighted with an inverse of the distance fr om the 

initial position with regard to the candidate posit ion 

selected again. 

 

5.   The position detection device according to Cla im 1, 

wherein the plural positions are positions set rand omly 

around the initial position,  
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the positioning unit sets the plural positions as s earch 

points, calculates the pseudo range from each of th e search 

points to each positioning satellite, as a search p oint 

pseudo range including a NLOS reflected path delay distance 

estimated by the three-dimensional map data and the  ray-

tracing method, selects the candidate positions bas ed on the 

search point pseudo range, adopts a value based on the 

distance between the candidate position and the ini tial 

position as a likelihood, and decides a weighted av erage 

corresponding to the likelihood of the candidate po sition as 

the current position.  

 

6.   The position detection device according to Cla im 1, 

wherein the positioning unit calculates the pseudo range from 

each search point to each positioning satellite, as  a search 

point pseudo range including a NLOS reflected path delay 

distance estimated by the three-dimensional map dat a and the 

ray-tracing method, and selects, as the candidate p ositions, 

the search points of high similarity between a set of the 

search point pseudo ranges and a set of the pseudo range 

calculated by the receiving unit. 

 

7.   The position detection device according to any  one of 

Claims 2-5, wherein the positioning unit further ad ds a 

similarity between a set of the search point pseudo  ranges 

and a set of the pseudo range calculated by the rec eiving 

unit to criteria for selecting the candidate positi ons.  
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8.   The position detection device according to any  one of 

Claims 1-7, wherein the positioning unit has a posi tion 

calculation part calculating the initial position, a 

circumference search part searching the plural posi tions, a 

candidate position selecting part selecting the can didate 

positions, and a current position deciding part dec iding the 

current position. 

 

9.   The position detection device according to any  one of 

Claims 1-8, wherein, in case that a signal propagat ion from 

the positioning satellite goes through a fixed rang e from 

edges of a structure included in the three-dimensio nal map 

data, the position detection device presumes a case  that the 

signal propagation is LOS and a case that the signa l 

propagation is NLOS, calculates the pseudo range to  the 

positioning satellite in both cases, and selects a likelier 

one from LOS and NLOS.  

 

10.  The position detection device according to any  one of 

Claims 1-8, wherein, in case that a signal propagat ion from 

the positioning satellite goes through a fixed rang e from 

edges of a structure included in the three-dimensio nal map 

data, the position detection device posits an error  model on 

positions of the edges of the structure, and define s a 

probability that the signal propagation is LOS and a 

probability that the signal propagation is NLOS. 
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11.  The position detection device according to any  one of 

Claims 1-8, wherein, in case that a residual of lea st-squares 

method for calculating the initial position is smal ler when 

presuming that a signal propagation from the positi oning 

satellite is a direct path rather than a reflected path 

reflected by a structure included in the three-dime nsional 

map data, the position detection device judges that  the 

structure does not exist. 

 

12.  The position detection device according to Cla im 11, 

wherein, when plural position detection devices jud ge that 

the structure does not exist, the judgment is refle cted in 

the three-dimensional map data. 

 

13.  The position detection device according to any  one of 

Claims 1-8, wherein, in case that an intensity of r eceived 

power from the positioning satellite is weak, the p osition 

detection device judges whether the signal propagat ion from 

the positioning satellite is LOS or NLOS based on a  shape of 

correlation wave outputted by a correlator of the r eceiving 

unit. 

 

14.  The position detection device according to Cla im 13, 

wherein, when symmetric property of the shape of co rrelation 

wave is high, the position detection device judges that the 

signal propagation from the positioning satellite i s LOS and 
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an antiphase multipath. 

 

15.  The position detection device according to any  one of 

Claims 1-8, wherein, in case that an intensity of r eceived 

power from the positioning satellite is high, the p osition 

detection device judges whether the signal propagat ion from 

the positioning satellite is LOS or NLOS using the three-

dimensional map data and the ray-tracing method, an d, when it 

is LOS, compensates the pseudo range in considerati on of 

delay.   

 

16.  The position detection device according to Cla im 15, 

wherein the position detection device calculates a multipath 

error according to a delay distance, and compensate s the 

pseudo range with the multipath error. 

 

17.  The position detection device according to any  one of 

Claims 1-8, wherein the position detection device m oves 

coordinates of a wall surface of a structure in a d irection 

perpendicular to the wall surface, in consideration  of a 

possibility of a position error in the direction 

perpendicular to the wall surface of the structure included 

in the three-dimensional map data, searches a posit ion where 

a residual of least-squares method is small, and es timates 

that the position is the position of wall surface. 

 

18.  A position detection system comprising: 
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a position detection device having a receiving unit  

receiving signals from a positioning satellite and 

calculating a pseudo range to the positioning satel lite based 

on the signals, and 

a server communicatably connected to the position 

detection device,  

the server having a positioning unit, the positioni ng 

unit calculating an initial position based on the p seudo 

range calculated by the receiving unit, the positio ning unit 

calculating the pseudo range to the positioning sat ellite at 

plural positions around the initial position using a three-

dimensional map data and a ray-tracing method, the 

positioning unit selecting candidate positions from  the 

plural positions based on the pseudo range, the pos itioning 

unit deciding a current position based on the candi date 

positions within such a short distance from the ini tial 

position that predetermined conditions are satisfie d, and the 

server sending the decided current position to the position 

detection device. 

 

19.  A position detection method comprising: 

receiving signals from a positioning satellite, 

      calculating a pseudo range to the positioning  satellite 

based on the signals, 

      calculating an initial position based on the pseudo 

range, 

      calculating the pseudo range to the positioni ng 
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satellite at plural positions around the initial po sition 

using a three-dimensional map data and a ray-tracin g method, 

      selecting candidate positions from the plural  positions 

based on the pseudo range, and 

deciding a current position based on the candidate 

positions within such a short distance from the ini tial 

position that predetermined conditions are satisfie d. 

 

20.  A position detection device comprising: 

a receiving unit receiving signals from a positioni ng 

satellite, the receiving unit calculating a pseudo range to 

the positioning satellite based on the signals, and  

      a positioning unit, the positioning unit judg ing whether 

a signal propagation from the positioning satellite  is LOS or 

NLOS using a three-dimensional map data and a ray-t racing 

method, the positioning unit, when it is LOS, judgi ng whether 

it is a multipath including both a direct path and a 

reflected path or not, the positioning unit, when i t is the 

multipath, compensating the pseudo range calculated  by the 

receiving unit in consideration of delay of the ref lected 

path, and the positioning unit deciding a current p osition 

based on the compensated pseudo range. 

 

21.  The position detection device according to Cla im 20, 

wherein the positioning unit calculates a multipath  error 

according to a delay distance of the reflected path , and 

compensates the pseudo range with the multipath err or. 
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22.  The position detection device according to Cla im 21, 

wherein the multipath error is calculated based on a model 

configured corresponding to characteristics of a co rrelator 

of the receiving unit. 

 

23.  The position detection device according to any  one of 

Claims 20-22, wherein the positioning unit, when th e signal 

propagation from the positioning satellite is LOS, judges 

whether it is the multipath or not based on a shape  of 

correlation wave outputted by a correlator of the r eceiving 

unit. 

 

24.  The position detection device according to Cla im 20, 

wherein the positioning unit calculates an initial position 

based on the pseudo range calculated by the receivi ng unit, 

calculates the pseudo range to the positioning sate llite at 

plural positions around the initial position using the three-

dimensional map data and the ray-tracing method, se lects 

candidate positions from the plural positions based  on the 

pseudo range, and decides the current position base d on the 

candidate positions within such a short distance fr om the 

initial position that predetermined conditions are satisfied. 

 

25.  The position detection device according to Cla im 24, 

wherein the plural positions are lattice points of a mesh set 

around the initial position, 
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the positioning unit sets the mesh, sets the lattic e 

points as search points, calculates the pseudo rang e from 

each of the search points to each the positioning s atellite, 

as a search point pseudo range including a NLOS ref lected 

path delay distance estimated by the three-dimensio nal map 

data and the ray-tracing method, calculates a refer ence 

position based on the search point pseudo range, an d selects, 

as the candidate positions, the search points of wh ich 

distance between the reference position and the ini tial 

position is equal to a threshold or less.  

 

26.  The position detection device according to Cla im 25, 

wherein the positioning unit sets the mesh around t he 

selected candidate position, and repeats setting th e search 

points, calculating the search point pseudo range, 

calculating the reference position, and selecting t he 

candidate positions. 

 

27.  The position detection device according to any  one of 

Claims 24-26, wherein, when the number of the candi date 

position selected is less than a predetermined numb er, the 

positioning unit decides the candidate position of the 

shortest distance from the initial position as the current 

position, and, when the number of the candidate pos ition 

selected is equal to the predetermined number or mo re, the 

positioning unit selects again the candidate positi on of the 

distance from the initial position equal to the thr eshold or 
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less, and decides the current position by calculati ng an 

average weighted with an inverse of the distance fr om the 

initial position with regard to the candidate posit ion 

selected again. 

 

28.  The position detection device according to Cla im 24, 

wherein the plural positions are positions set rand omly 

around the initial position,  

the positioning unit sets the plural positions as s earch 

points, calculates the pseudo range from each of th e search 

points to each the positioning satellite, as a sear ch point 

pseudo range including a NLOS reflected path delay distance 

estimated by the three-dimensional map data and the  ray-

tracing method, selects the candidate positions bas ed on the 

search point pseudo range, adopts a value based on the 

distance between the candidate position and the ini tial 

position as a likelihood, and decides a weighted av erage 

corresponding to the likelihood of the candidate po sition as 

the current position.  

 

29.  The position detection device according to Cla im 24, 

wherein the positioning unit calculates the pseudo range from 

each search point to each the positioning satellite , as a 

search point pseudo range including a NLOS reflecte d path 

delay distance estimated by the three-dimensional m ap data 

and the ray-tracing method, and selects, as the can didate 

positions, the search points of high similarity bet ween a set 
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of the search point pseudo ranges and a set of the pseudo 

range calculated by the receiving unit. 

 

30.  The position detection device according to any  one of 

Claims 25-28, wherein the positioning unit further adds the 

similarity between a set of the search point pseudo  ranges 

and a set of the pseudo range calculated by the rec eiving 

unit to criteria for selecting the candidate positi ons.  

 

31.  The position detection device according to any  one of 

Claims 24-30, wherein the positioning unit has a po sition 

calculation part calculating the initial position, a 

circumference search part searching the plural posi tions, a 

candidate position selecting part selecting the can didate 

positions, and a current position deciding part dec iding the 

current position. 

 

32.  The position detection device according to any  one of 

Claims 20-31, wherein the position detection device  moves 

coordinates of a wall surface of a structure in a d irection 

perpendicular to the wall surface, in consideration  of a 

possibility of a position error in the direction 

perpendicular to the wall surface of the structure included 

in the three-dimensional map data, searches a posit ion where 

a residual of least-squares method is small, and es timates 

that the position is the position of wall surface. 
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33.  The position detection device according to any  one of 

Claims 20-31, wherein, in case that a signal propag ation from 

the positioning satellite goes through a fixed rang e from 

edges of a structure included in the three-dimensio nal map 

data, the position detection device presumes a case  that the 

signal propagation is LOS and a case that the signa l 

propagation is NLOS, calculates the pseudo range to  the 

positioning satellite in both cases, and selects a likelier 

one from LOS and NLOS.  

 

34.  The position detection device according to any  one of 

Claims 20-31, wherein, in case that a signal propag ation from 

the positioning satellite goes through a fixed rang e from 

edges of a structure included in the three-dimensio nal map 

data, the position detection device posits an error  model on 

positions of the edges of the structure, and define s a 

probability that the signal propagation is LOS and a 

probability that the signal propagation is NLOS. 

 

35.  The position detection device according to any  one of 

Claims 20-31, wherein, in case that a residual of l east-

squares method for calculating the initial position  is 

smaller when presuming that a signal propagation fr om the 

positioning satellite is a direct path rather than a 

reflected path reflected by a structure included in  the 

three-dimensional map data, the position detection device 

judges that the structure does not exist. 
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36.  The position detection device according to Cla im 35, 

wherein, when plural position detection devices jud ge that 

the structure does not exist, the judgment is refle cted in 

the three-dimensional map data. 

 

37.  The position detection system comprising: 

a position detection device having a receiving unit  

receiving signals from a positioning satellite and 

calculating a pseudo range to the positioning satel lite based 

on the signals, and 

a server communicatably connected to the position 

detection device,  

the server having a positioning unit, the positioni ng 

unit judging whether a signal propagation from the 

positioning satellite is LOS or NLOS using a three-

dimensional map data and a ray-tracing method, the 

positioning unit, when it is LOS, judging whether i t is a 

multipath including both a direct path and a reflec ted path 

or not, the positioning unit, when it is the multip ath, 

compensating the pseudo range calculated by the rec eiving 

unit in consideration of delay, and the positioning  unit 

deciding a current position based on the compensate d pseudo 

range, and the server sending the decided current p osition to 

the position detection device.  

 

38.  The position detection method comprising: 
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receiving signals from a positioning satellite, 

calculating a pseudo range to the positioning satel lite 

based on the signals, 

using a three-dimensional map data and a ray-tracin g 

method, 

judging whether a signal propagation from the 

positioning satellite is LOS or NLOS, 

judging whether it is a multipath including both a 

direct path and a reflected path or not, when it is  LOS, 

compensating the pseudo range calculated by the 

receiving unit in consideration of delay, when it i s the 

multipath, and 

deciding a current position based on the compensate d 

pseudo range. 


