
DESCRIPTION 

Title of Invention 

POSITIONAL ERROR PREDICTION DEVICE, PREDICTION MODEL 

GENERATION DEVICE, POSITIONAL ERROR PREDICTION METHOD, 

PREDICTION MODEL GENERATION METHOD, AND PROGRAM 

Technical Field 

[0001] 

The present invention relates to a positional error 

prediction device, a prediction model generation device, a 

positional error prediction method, a prediction model 

generation method, and a program. 

Background Art 

[0002] 

In recent years, as a technique for specifying the 

position of a vehicle or the like, a satellite positioning 

system for specifying (positioning) the position of a 

receiver is widely used, by using a satellite that 

constitutes a Global Navigation Satellite System (GLASS) 

and a receiver that receives a signal from the satellite. 

[0003] 

The satellite positioning system obtains a distance 

(pseudo distance) between the receiver and each of the 

plurality of satellites, from the signal received by the 
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receiver, and specifies the position of the receiver based 

on these pseudo distances, but various factors are known 

to cause positional errors. Predicting how much 

positional error will occur is important for improving 

positioning accuracy. 

[0004] 

For example, arrangements of respective satellites 

from which signals can be received by the receiver affect 

positional errors. Therefore, as a technique for 

predicting the positional error, a precision deterioration 

rate (hereinafter also referred to as "Dilution of 

Precision (DOP)") that represents a geometrical positional 

error that differs depending on the satellite arrangement 

is generally used. 

Further, for example, PTL 1 describes a technique 

for predicting a positional error based on the inclination 

angle of a traveling road, the turning radius of the 

vehicle, the weight of the vehicle, and the speed of the 

vehicle. 

Citation List 

Patent Literature 

[0005] 

[PTL 1] Japanese Patent No. 3869108 

Summary of Invention 

Technical Problem 
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[0006] 

One of the factors that greatly affect the 

positional error is "multipath" in which the receiver 

receives a signal (reflected wave) reflected by a shield 

such as a high-rise building. 

However, in the related art, it is premised that the 

receiver directly receives the signal from the satellite, 

and means for predicting the positional error due to 

multipath has not been considered. 

Solution to Problem 

[0007] 

In order to solve the above problems, the present 

invention employs the following means. 

According to a first aspect of the present invention, 

a positional error prediction device (1) includes a 

satellite position acquisition unit (154) that acquires a 

position of a satellite from which a signal can be 

received at target date and time on a target point at 

which a positional error prediction is performed, a 

relative relationship value acquisition unit (151) that 

acquires a relative relationship value between the 

position of the satellite and an observation start 

position of the satellite at the target point, and an 

error prediction unit (155) that predicts a positional 

error at the target date and time on the target point, 
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based on the relative relationship value and a positional 

error prediction model generated in advance. 

For example, when there is shield such as a building 

around the target point, the positional error prediction 

device is able to receive a signal from the satellite, 

when the satellite reaches a position (that is, the 

observation start position) where the satellite is not 

completely shielded by the shield. However, in the 

vicinity of the observation start position, there is a 

possibility that a multipath may occur in which a 

reflected wave in which the signal from the satellite is 

reflected on a shield is received. Therefore, the 

positional error prediction device according to the above-

described aspect predicts the positional error based on 

the relative relationship value between the position of 

the satellite and the observation start position of the 

satellite. Thus, the positional error prediction device 

can predict the positional error with the influence of 

multipath taken into consideration. Here, as the 

observation start position, a position may be set in which 

when the satellite is observed at the same date or 

multiple dates, the satellite switches from the 

unobservable state to the observable state at a certain 

rate (frequency). Further, as the observation start 

position, at a point where the positional error is 
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predicted, a position separated from the boundary of the 

shield in an above-captured image by a predetermined 

distance may be set. 

[0008] 

According to the second aspect of the present 

invention, in the positional error prediction device (1) 

according to the first aspect, the relative relationship 

value acquisition unit (151) acquires, as the relative 

relationship value, the number of the satellites located 

within a predetermined distance threshold from the 

observation start position of each of the plurality of 

satellites, 

By doing so, the positional error prediction device 

can predict the positional error with the influence of 

multipath near the observation start position taken into 

consideration, based on the number of satellites located 

within the predetermined distance threshold from the 

observation start position. 

[0009] 

According to a third aspect of the present invention, 

in the positional error prediction device (1) according to 

the first aspect, the relative relationship value 

acquisition unit (151) acquires, as the relative 

relationship value, a separation distance from the 

observation start position with respect to the satellite 
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closest to the observation start position, among the 

plurality of satellites. 

By doing so, the positional error prediction device 

can predict the positional error with the influence of 

multipath near the observation start position taken into 

consideration, based on the separation distance from the 

observation start position. 

[0010] 

According to a fourth aspect of the present 

invention, a prediction model generation device (10) 

includes an observation start position specifying unit 

(150) that specifies an observation start position of a 

satellite from which a signal can be received at a 

reference point, a relative relationship value acquisition 

unit (151) that acquires a relative relationship value 

between a position of the satellite and the observation 

start position of the satellite, an error measurement unit 

(152) that measures a positional error at the reference 

point, and a prediction model generation unit (153) that 

generates a prediction model used for prediction of a 

positional error at a certain point, based on the relative 

relationship value and the positional error. 

By doing so, the prediction model generation device 

can generate a positional error prediction model with the 

influence of multipath near the observation start position 
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taken into consideration. 

[0011] 

According to a fifth aspect of the present invention, 

in the prediction model generation device (10) according 

to the fourth aspect, the relative relationship value 

acquisition unit (151) acquires, as the relative 

relationship value, the number of the satellites located 

within a predetermined distance threshold from the 

observation start position of each of the plurality of 

satellites, and the prediction model generation unit 

generates, as the prediction model, a correlation function 

between the number of the satellites and the positional 

error. 

By doing so, the prediction model generation device 

can a positional error prediction model with the influence 

of multipath near the observation start position taken 

into consideration, based on the number of satellites 

located within the predetermined distance threshold from 

the observation start position. Thereby, the prediction 

model generation device can improve the prediction 

accuracy of the positional error. 

[0012] 

According to a sixth aspect of the present invention, 

the prediction model generation device (10) according to 

the fifth aspect further includes a threshold setting unit 
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(156) that sets, as the distance threshold, a distance at 

which the correlation function having a smallest residual 

variation is obtained, among the distances of the 

plurality of satellites from the observation start 

position. 

By doing so, the prediction model generation device 

(10) generates a prediction model by setting the distance 

threshold that makes the correlation between the 

positional error and the number of satellites strong, 

thereby further improving the prediction accuracy of the 

positional error. 

[0013] 

According to a seventh aspect of the present 

invention, the prediction model generation device (10) 

according to the fifth aspect further includes a threshold 

setting unit (156) that measures a pseudo distance between 

the reference point and the satellite, and sets, as the 

distance threshold for each satellite, a distance from the 

observation start position of the satellite to the 

position of the satellite when the pseudo distance has 

changed by a predetermined amount or more. 

By doing so, the prediction model generation device 

can determine how far multipath affects from the 

observation start position, for each satellite, based on 

the change in the pseudo distance, and set the distance 
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threshold. Thereby, the prediction model generation 

device can further improve the prediction accuracy of the 

positional error. 

[0014] 

According to an eighth aspect of the present 

invention, in the prediction model generation device (10) 

according to the fourth aspect, the relative relationship 

value acquisition unit (151) acquires, as the relative 

relationship value, a separation distance of each of the 

plurality of satellites from the observation start 

position of the satellite closest to the observation start 

position, and the prediction model generation unit (153) 

generates the prediction model indicating a correlation 

between the separation distance and the positional error. 

By doing so, the prediction model generation device 

can generate a positional error prediction model with the 

influence of multipath near the observation start position 

taken into consideration, based on the separation distance 

from the observation start position. Thereby, the 

prediction model generation device can improve the 

prediction accuracy of the positional error. 

[0015] 

According to a ninth aspect of the present invention, 

the prediction model generation device (10) according to 

the eighth aspect further includes a threshold setting 
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unit (156) that sets, as a distance threshold, a 

separation distance which is smallest among the separation 

distances having the positional error being equal to or 

less than a predetermined error threshold, and the 

prediction model generation unit (153) generates, as the 

prediction model, a correlation function between the 

separation distance that is equal to or less than the 

distance threshold and the maximum value of the positional 

error measured when the distance is equal to or less than 

the distance threshold. 

By doing so, the prediction model generation device 

can derive how far multipath affects from the observation 

start position, based on the correlation between the 

positional error and the separation distance, and set a 

distance threshold. Further, it is possible to accurately 

predict the maximum positional error that will occur in 

the region where the influence of multipath may occur, by 

generating, as a prediction model, a correlation function 

with the maximum value of the positional error measured 

when the distance is equal to or less than the distance 

threshold. 

[0016] 

According to a tenth aspect of the present invention, 

a positional error prediction method includes a satellite 

position acquisition step of acquiring a position of a 
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satellite from which a signal can be received at target 

date and time on a target point at which a positional 

error prediction is performed, a relative relationship 

value acquisition step of acquiring a relative 

relationship value between the position of the satellite 

and an observation start position of the satellite at the 

target point, and an error prediction step of predicting, 

based on the relative relationship value and a positional 

error prediction model generated in advance, a positional 

error at the target date and time on the target point. 

[0017] 

According to an eleventh aspect of the present 

invention, a prediction model generation method includes 

an observation start position specifying step of 

specifying an observation start position of a satellite 

from which a signal can be received at a reference point, 

a relative relationship value acquisition unit step of 

acquiring a relative relationship value between a position 

of the satellite and the observation start position of the 

satellite, an error measurement step of measuring a 

positional error at the reference point, and a prediction 

model generation step of generating a prediction model 

used for prediction of a positional error at a certain 

point, based on the relative relationship value and the 

positional error. 



[0018] 

According to a twelfth aspect of the present 

invention, a program causing a computer of a positional 

error prediction device (1) to function, the program 

causing the computer to execute: a positional error 

prediction method includes a satellite position 

acquisition step of acquiring a position of a satellite 

from which a signal can be received at target date and 

time on a target point at which a positional error 

prediction is performed, a relative relationship value 

acquisition step of acquiring a relative relationship 

value between the position of the satellite and an 

observation start position of the satellite at the target 

point, and an error prediction step of predicting, based 

on the relative relationship value and a positional error 

prediction model generated in advance, a positional error 

at the target date and time on the target point. 

[0019] 

According to a thirteenth aspect of the present 

invention, a program causing a computer of a prediction 

model generation device (10) to function, the program 

causing the computer to execute: an observation start 

position specifying step of specifying an observation 

start position of a satellite from which a signal can be 

received at a reference point, a relative relationship 
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value acquisition unit step of acquiring a relative 

relationship value between a position of the satellite and 

the observation start position of the satellite, an error 

measurement step of measuring a positional error at the 

reference point, and a prediction model generation step of 

generating a prediction model used for prediction of a 

positional error at a certain point, based on the relative 

relationship value and the positional error. 

Advantageous Effects of Invention 

[0020] 

According to the positional error prediction device, 

the prediction model generation device, the positional 

error prediction method, the prediction model generation 

method, and the program described above, it is possible to 

perform the positional error prediction with the influence 

of multipath taken into consideration. 

Brief Description of Drawings 

[0021] 

Fig. 1 is a diagram illustrating a functional 

configuration of a positional error prediction device and 

a prediction model generation device according to a first 

embodiment. 

Fig. 2 is a flowchart illustrating an example of 

processing of the prediction model generation device 

according to the first embodiment. 
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Fig. 3 is a first diagram for explaining an 

observation start position according to the first 

embodiment. 

Fig. 4 is a second diagram for explaining an 

observation start position according to the first 

embodiment. 

Fig. 5 is a diagram illustrating an example of 

reference point information according to the first 

embodiment. 

Fig. 6 is a diagram illustrating an example of a 

relative relationship value according to the first 

embodiment. 

Fig. 7 is a diagram illustrating an example of a 

prediction model according to the first embodiment. 

Fig. 8 is a flowchart illustrating an example of 

processing of the positional error prediction device 

according to the first embodiment. 

Fig. 9 is a diagram illustrating a functional 

configuration of a positional error prediction device and 

a prediction model generation device according to a second 

embodiment. 

Fig. 10 is a flowchart illustrating an example of 

processing of the prediction model generation device 

according to the second embodiment. 

Fig. 11 is a diagram illustrating an example of a 
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relative relationship value according to the second 

embodiment. 

Fig. 12 is a diagram illustrating an example of a 

distance threshold according to a third embodiment. 

Fig. 13 is a diagram illustrating an example of a 

relative relationship value according to a fourth 

embodiment. 

Fig. 14 is a diagram illustrating an example of a 

prediction model according to the fourth embodiment. 

Fig. 15 is a diagram illustrating an example of a 

hardware configuration of a positional error prediction 

device and a prediction model generation device according 

to at least one embodiment. 

Description of Embodiments 

[0022] 

<First embodiment> 

Hereinafter, a positional error prediction device 

and a prediction model generation device according to a 

first embodiment of the present invention will be 

described with reference to Figs. 1 to 8. 

[0023] 

(Function configuration) 

Fig. 1 is a diagram illustrating a functional 

configuration of a positional error prediction device and 

a prediction model generation device according to the 
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first embodiment. 

The positional error prediction device 1 according 

to the present embodiment is a device for predicting a 

positional error in a satellite positioning system. The 

positional error prediction device 1 is mounted on a 

vehicle (not illustrated) and predicts a positional error 

at a point where the vehicle is located. 

In addition, in the following description, the point 

and the date and time in which the positional error 

prediction device 1 predicts the positional error are also 

referred to as "target point" and "target date and time", 

respectively. 

[0024] 

The positional error prediction device 1 according 

to the present embodiment also functions as the prediction 

model generation device 10. The prediction model 

generation device 10 is installed at each of a plurality 

of preselected points (hereinafter, also referred to as 

"reference points"), collects data measured at the 

reference points for a long time (at least 24 hours or 

more), and generates a prediction model used for 

prediction of positional error. The prediction model 

generation device 10 may be mounted on a vehicle (not 

illustrated) and may measure and collect data by traveling 

around the reference point a plurality of times. 
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[0025] 

As illustrated in Fig. 1, the positional error 

prediction device 1 (prediction model generation device 

10) includes a receiver 11, an operation unit 12, a 

display unit 13, a storage medium 14, and a CPU 15. 

[0026] 

The receiver 11 receives a signal from a satellite 

every predetermined period. 

The operation unit 12 is an input device such as a 

button, a touch panel, or a keyboard that receives user 

operations. 

The display unit 13 is a display device such as a 

liquid crystal display or an organic EL display, and 

displays various data handled by the positional error 

prediction device 1 (prediction model generation device 

10). 

The storage medium 14 stores various data collected 

and generated by the positional error prediction device 1 

(prediction model generation device 10). 

The CPU 15 is a processor that controls the overall 

operation of the positional error prediction device 1 

(prediction model generation device 10), and operates 

according to a predetermined program to function as an 

observation start position specifying unit 150, a relative 

relationship value acquisition unit 151, an error 
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measurement unit 152, a prediction model generation unit 

153, a satellite position acquisition unit 154, and an 

error prediction unit 155. 

[0027] 

The observation start position specifying unit 150 

specifies the observation start position of a satellite 

from which a signal can be received (hereinafter, also 

referred to as "observable satellite"), at a certain point 

(target point or reference point). Details of the 

observation start position will be described later. 

[0028] 

The relative relationship value acquisition unit 151 

acquires a relative relationship value between the 

position of the observable satellite and the observation 

start position of the observable satellite at a certain 

point (target point or reference point). 

In the present embodiment, the relative relationship 

value acquisition unit 151 acquires, as the relative 

relationship value, the number of observable satellites 

located within a predetermined distance threshold from the 

observation start position of each of the plurality of 

observable satellites. 

[0029] 

The error measurement unit 152 measures the 

positional error at the reference point. 
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[0030] 

The prediction model generation unit 153 generates a 

prediction model used for prediction of a positional error 

at a certain point, based on the relative relationship 

value and the positional error. 

In the present embodiment, the prediction model 

generation unit 153 generates, as a prediction model, a 

correlation function between the number of observable 

satellites located within a predetermined distance 

threshold from the observation start position of each of 

the plurality of observable satellites and the positional 

error. 

[0031] 

The satellite position acquisition unit 154 acquires 

the position of the observable satellite from which a 

signal can be received, at the target date and time on the 

target point at which a positional error prediction is 

performed. 

Further, the satellite position acquisition unit 154 

acquires the position of each observable satellite from 

which a signal can be received, at the reference point by 

date and time. 

[0032] 

The error prediction unit 155 predicts a positional 

error at the target date and time on the target point, 
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based on the relative relationship value and a positional 

error prediction model generated in advance. 

[0033] 

Note that, as illustrated in Fig. 1, the prediction 

model generation device 10 according to the present 

embodiment may include at least a part of functional units 

(the observation start position specifying unit 150, the 

relative relationship value acquisition unit 151, the 

error measurement unit 152, the prediction model 

generation unit 153, and the satellite position 

acquisition unit 154) executed by the receiver 11, the 

operation unit 12, the display unit 13, the storage medium 

14, and the CPU 15. Therefore, when the positional error 

prediction device 1 and the prediction model generation 

device 10 are implemented on different hardware in another 

embodiment, the error prediction unit 155 may be omitted 

from the CPU 15 of the prediction model generation device 

10. 

[0034] 

(Processing flow of prediction model generation device) 

Fig. 2 is a flowchart illustrating an example of 

processing of the prediction model generation device 

according to the first embodiment. 

Fig. 3 is a first diagram for explaining an 

observation start position according to the first 
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embodiment. 

Fig. 4 is a second diagram for explaining the 

observation start position according to the first 

embodiment. 

Fig. 5 is a diagram illustrating an example of 

reference point information according to the first 

embodiment. 

Fig. 6 is a diagram illustrating an example of the 

relative relationship value according to the first 

embodiment. 

Fig. 7 is a diagram illustrating an example of the 

prediction model according to the first embodiment. 

Hereinafter, an example of a process of generating 

the prediction model by the prediction model generation 

device 10 according to the present embodiment will be 

described with reference to Figs. 2 to 7. 

[0035] 

First, as illustrated in Fig. 2, the satellite 

position acquisition unit 154 of the prediction model 

generation device 10 acquires the position of each 

observable satellite, based on the signal received from 

the observable satellite, and stores and accumulates the 

acquired position in the storage medium 14 (step S10). 

For example, as illustrated in Fig. 3, it is assumed 

that the prediction model generation device 10 is 
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installed at the reference point P1. The satellite 

position acquisition unit 154 acquires and collects the 

positions of all observable satellites from which signals 

can be received at the reference point P1 every 

predetermined measurement time (for example, 5 minutes). 

When a plurality of reference points are set, the 

satellite position acquisition unit 154 performs the same 

process for all the reference points. 

[0036] 

Next, the error measurement unit 152 measures the 

positional error at the reference point P1 every 

predetermined measurement time, and stores and accumulates 

it in the storage medium 14 (step S11). The error 

measurement unit 152 measures the positional error in 

synchronization with the timing at which the satellite 

position acquisition unit 154 measures the position of 

each observable satellite. 

Specifically, the error measurement unit 152 

calculates the position of the reference point Pl, based 

on the signals from the plurality of observable satellites 

received at each predetermined measurement time. 	Then, 

the error measurement unit 152 measures the positional 

error by comparing the accurate position of the reference 

point P1 stored in advance in the storage medium 14 with 

the calculated position. 
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When a plurality of reference points are set, the 

error measurement unit 152 performs the same process for 

all the reference points. 

[0037] 

Next, the observation start position specifying unit 

150 specifies the observation start position of the 

observable satellite at the reference point for each 

satellite (step S12). 

As illustrated in Fig. 3, it is assumed that there 

is a satellite 01 that moves along an orbit 01 on a 

celestial sphere centered on the position (reference point 

P1) of the receiver 11 of the prediction model generation 

device 10. In the example of Fig. 3, when the satellite 

01 is at a low position Gla on the orbit 01 (near the 

horizon), the signal from the satellite G1 is blocked by a 

shield (building or the like) around the reference point 

P1, and the receiver 11 is unable to receive this signal. 

When the satellite G1 reaches a certain position Glb on 

the celestial sphere, the receiver 11 can receive a signal 

avoiding the shield. At this time, the satellite G1 is 

observed by the receiver 11 as an observable satellite. 

Further, Fig. 4 illustrates a schematic diagram M in which 

the orbit 01 of the satellite G1 on the celestial sphere 

centering on the reference point P1 is illustrated on a 

plane. As illustrated in Fig. 4, the receiver 11 cannot 
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receive a signal until the satellite G1 reaches the 

position Gib, so that the satellite G1 cannot be observed. 

After that, when the satellite G1 reaches the position Gib 

and the reception of the signal is started by the receiver 

11, the prediction model generation device 10 starts the 

observation with the satellite G1 as an "observable 

satellite". 

In this way, the observation start position 

specifying unit 150 specifies, as the observation start 

position L1 of the satellite G1, the position G1b on the 

celestial sphere of the satellite G1 at the time when the 

receiver 11 starts receiving the signal of the satellite 

G1. The observation start position specifying unit 150 

specifies the observation start positions L1 of all 

observable satellites. 

When a plurality of reference points are set, the 

observation start position specifying unit 150 performs 

the same process for all the reference points. 

[0038] 

Further, returning to Fig. 2, the observation start 

position specifying unit 150 creates "reference point 

information N1 (Fig. 5)" in which the observation start 

position Ll of each observable satellite is recorded, and 

stores it in the storage medium 14 (step S13). 

As illustrated in Fig. 5, the "observable satellite" 
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at the reference point P1 and the "observation start 

position Ll" of each observable satellite specified in 

step S12 are associated with the reference point 

information N1 and recorded. 

When a plurality of reference points are set, the 

observation start position specifying unit 150 creates and 

stores the reference point information N1 of each 

reference point. 

[0039] 

Next, returning to Fig. 2, the relative relationship 

value acquisition unit 151 counts the number of observable 

satellites located in a region within a predetermined 

distance threshold A (Fig. 6) from the observation start 

position Ll of each observable satellite, and acquires the 

counted number as a relative relationship value (step S14). 

For example, as illustrated in Fig. 6, it is assumed 

that the orbits 01 to 04 of the satellites G1 to G4 are on 

the celestial sphere centered on the reference point Pl. 

The region from the horizon (outer edge of the schematic 

diagram M) to the observation start position Ll (Glb, G2a, 

G3c, G4b) of each of the satellites G1 to G4 is an 

unobservable region R1 where the signal from the satellite 

is blocked by the shield and cannot be received. Further, 

in the region near the observation start position Ll, 

there is a possibility that multipath may occur in which 
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the signal from the satellite is reflected by the shield. 

Therefore, in the present embodiment, the relative 

relationship value acquisition unit 151 sets, as the 

multipath generation region R2, a region near the 

observation start position Li, that is, a region from the 

observation start position Ll of each satellite and the 

distance threshold A. 

Further, Fig. 6 illustrates an example of the 

positions Gin to G4n of the observable satellites G1 to G2 

at a certain time Tn, acquired by the satellite position 

acquisition unit 154 in step S10. In the example of Fig. 

6, since two satellites, observable satellites G1 and G3, 

exist in the multipath generation region R2 at time Tn, 

the relative relationship value acquisition unit 151 

acquires "the number of observable satellites in the 

multipath generation region R2 = 2", as the relative 

relationship value at time Tn. 

The relative relationship value acquisition unit 151 

similarly counts and acquires the number of observable 

satellites (relative relationship value) in the multipath 

generation region R2 at other times. In this manner, the 

relative relationship value acquisition unit 151 acquires 

the relative relationship value for each predetermined 

measurement time. 

In addition, when a plurality of reference points 
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are set, the relative relationship value acquisition unit 

151 performs the same process for all the reference points. 

[0040] 

Next, the prediction model generation unit 153 

generates, as a prediction model, a correlation function 

between "the number of observable satellites (relative 

relationship value) located in the multipath generation 

region R2" for each predetermined measurement time 

acquired in step S14 and the positional error measured in 

step S11 (step S15). 

For example, as illustrated in Fig. 6, the 

prediction model generation unit 153 sets "the number of 

observable satellites in the multipath generation region 

R2" as the horizontal axis and "positional error" as the 

vertical axis, and associates and plots "the number of 

satellites = 2 at time Tn" with "positional error = et". 

The prediction model generation unit 153 similarly 

plots the "number of satellites" and the "positional 

error" at all times to create a correlation diagram 

(scatter diagram) as illustrated in Fig. 7. When a 

plurality of reference points are set, the prediction 

model generation unit 153 collects and plots the "number 

of satellites" and the "positional error" at all the 

reference points in one correlation diagram. 

Then, the prediction model generation unit 153 
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generate, as a prediction model, an approximation function 

Fl (correlation function) for calculating the "positional 

error" from the "number of observable satellites in the 

multipath generation region R2", based on the data plotted 

in the correlation diagram, as illustrated in Fig. 7. 

Further, the generated prediction model is stored in the 

storage medium 14. 

[0041] 

(Processing flow of positional error prediction device) 

Fig. 8 is a flowchart illustrating an example of 

processing of the positional error prediction device 

according to the first embodiment. 

Hereinafter, an example of a process in which the 

positional error prediction device 1 predicts a positional 

error will be described with reference to Fig. 8. 

[0042] 

First, as illustrated in Fig. 8, the observation 

start position specifying unit 150 of the positional error 

prediction device 1 specifies, for each satellite, the 

observation start position of the observable satellite at 

the target point for which the positional error is to be 

predicted (step S20). 

At this time, it is assumed that the storage medium 

14 of the positional error prediction device 1 stores logs 

of observable satellite signals received when the 
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satellite has traveled a plurality of times near the 

target point in the past. Note that this log may not be 

recorded for a long period of time like the prediction 

model generation device 10. The observation start 

position specifying unit 150 specifies the observation 

start position of each observable satellite at the target 

point by performing the same process (step S12 in Fig. 2) 

as that of the prediction model generation device 10 by 

using these logs. 

[0043] 

Next, the satellite position acquisition unit 154 

acquires the position of the observable satellite at the 

target date and time on the target point at which the 

positional error prediction is performed (step S21). 

Specifically, the satellite position acquisition 

unit 154 sets, as the target point, the current position 

of the vehicle equipped with the positional error 

prediction device 1, and sets the current date and time as 

the target date and time. In this case, the satellite 

position acquisition unit 154 acquires the position of 

each observable satellite, based on the signal received by 

the receiver 11 at the current time on the current 

position of the vehicle. 

[0044] 

Next, the relative relationship value acquisition 
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unit 151 acquires, as a relative relationship value, the 

number of observable satellites located within a 

predetermined distance threshold A from each observation 

start position Ll (within the multipath generation region 

R2), among the observable satellites at the target point 

(step S22). 

[0045] 

Next, the error prediction unit 155 uses the 

prediction model (approximation function Fl in Fig. 7) 

stored in the storage medium 14 to predict the positional 

error from the number of observable satellites located in 

the multipath generation region R2 acquired in step S21 

(step S23). 

[0046] 

(Effects) 

As described above, the positional error prediction 

device 1 according to the present embodiment includes a 

satellite position acquisition unit 154 that acquires a 

position of an observable satellite from which a signal 

can be received at target date and time on a target point 

at which a positional error prediction is performed, a 

relative relationship value acquisition unit 151 that 

acquires a relative relationship value between the 

position of the observable satellite and an observation 

start position Ll of the observable satellite at the 
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target point, and an error prediction unit 155 that 

predicts a positional error at the target date and time on 

the target point, based on the relative relationship value 

and a positional error prediction model generated in 

advance. 

For example, when there is a shield such as a 

building around the target point, the positional error 

prediction device 1 is able to receive a signal from the 

observable satellite, when the observable satellite 

reaches a position (that is, the observation start 

position L1) where the observable satellite is not 

completely shielded by the shield. However, in the 

vicinity of the observation start position Ll, there is a 

possibility that a multipath may occur in which a 

reflected wave in which the signal from the observable 

satellite is reflected on a shield is received. Therefore, 

the positional error prediction device 1 according to the 

present embodiment predicts the positional error, based on 

the relative relationship value between the position of 

the observable satellite and the observation start 

position Ll of the observable satellite. Thus, the 

positional error prediction device 1 can perform the 

positional error prediction with the influence of 

multipath taken into consideration. 

[0047] 
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Further, the relative relationship value acquisition 

unit 151 acquires, as a relative relationship value, the 

number of observable satellites located within a 

predetermined distance threshold A from the observation 

start position Ll of each of the plurality of observable 

satellites (within the multipath generation region R2). 

By doing so, the positional error prediction device 

1 can predict the positional error with the influence of 

multipath near the observation start position Ll taken 

into consideration, based on the number of observable 

satellites located within the predetermined distance 

threshold A from the observation start position L1. 

[0048] 

In addition, the prediction model generation device 

10 according to the present embodiment includes an 

observation start position specifying unit 150 that 

specifies the observation start position Ll of an 

observable satellite from which a signal can be received 

at a reference point, a relative relationship value 

acquisition unit 151 that acquires a relative relationship 

value between the position of observable satellite and the 

observation start position Ll of the observable satellite, 

an error measurement unit 152 that measures a positional 

error at the reference point, and a prediction model 

generation unit 153 that generates a prediction model used 

- 32 - 



for prediction of a positional error at a certain point, 

based on the relative relationship value and the 

positional error. 

By doing so, the prediction model generation device 

10 can generate a positional error prediction model with 

the influence of multipath near the observation start 

position L1 taken into consideration. 

[0049] 

Further, the relative relationship value acquisition 

unit 151 acquires, as a relative relationship value, the 

number of observable satellites located within a 

predetermined distance threshold A from the observation 

start position Ll of each of the plurality of observable 

satellites (within the multipath generation region R2), 

and the prediction model generation unit 153 generates, as 

a prediction model, a correlation function (approximation 

function Fl) between the number of observable satellites 

in the multipath generation region R2 and the positional 

error. 

By doing so, the prediction model generation device 

10 can generate a positional error prediction model with 

the influence of multipath near the observation start 

position Ll taken into consideration, based on the number 

of observable satellites located within the predetermined 

distance threshold A from the observation start position 



Ll. Thereby, the prediction model generation device 10 

can improve the prediction accuracy of the positional 

error. 

[0050] 

In the present embodiment, the aspect has been 

described in which the relative relationship value 

acquisition unit 151 acquires, as the relative 

relationship value, the number (value A) of observable 

satellites located in the multipath generation region R2, 

but the present invention is not limited to this. 	In 

another embodiment, the relative relationship value 

acquisition unit 151 may acquire a value (value B) 

obtained by subtracting the number of observable 

satellites located in the multipath generation region R2 

from the total number of observable satellites. 

Further, in still another embodiment, the relative 

relationship value acquisition unit 151 may acquire, as 

the relative relationship value, the feature amount such 

as DOP at the reference position and the target position, 

in addition to the value A and the value B. At this time, 

the prediction model generation unit 153 may generate, as 

a prediction model, a predictor that receives the feature 

quantities such as the value A, the value B, and the DOP 

and outputs the positional error. Here, as the predictor, 

a commonly used multivariate regressor, random forest, 
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neutral network, or the like is used. 

The positional error may be represented by the time 

difference of the radius of the error circle. 

[0051] 

<Second embodiment> 

Next, a positional error prediction device 1 and a 

prediction model generation device 10 according to a 

second embodiment of the present invention will be 

described with reference to Figs. 9 to 11. 

Constituent elements common to those of the first 

embodiment are denoted by the same reference numerals, and 

a detailed description thereof is omitted. 

[0052] 

(Function configuration) 

Fig. 9 is a diagram illustrating a functional 

configuration of a positional error prediction device and 

a prediction model generation device according to the 

second embodiment. 

As illustrated in Fig. 9, the prediction model 

generation device 10 according to the present embodiment 

further includes a threshold setting unit 156. 

The threshold setting unit 156 sets, as the distance 

threshold A, a distance at which the correlation function 

having a smallest residual variation is obtained, among 

the distances of the plurality of observable satellites 
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from the observation start position Ll. 

[0053] 

(Processing flow of prediction model generation device) 

Fig. 10 is a flowchart illustrating an example of 

processing of the prediction model generation device 

according to the second embodiment. 

Fig. 11 is a diagram illustrating an example of the 

relative relationship value according to the second 

embodiment. 

Hereinafter, an example of a process of generating 

the prediction model by the prediction model generation 

device 10 according to the present embodiment will be 

described with reference to Figs. 10 and 11. 

The prediction model generation device 10 according 

to the present embodiment executes the same process as 

steps S10 to S13 of Fig. 2 described in the first 

embodiment, and executes each process illustrated in Fig. 

10, instead of steps S14 and S15 of Fig. 2. Here, only 

the process different from that of the first embodiment 

will be described. 

[0054] 

First, the threshold setting unit 156 sets a 

plurality of different temporary thresholds, as candidates 

for the distance threshold A (step S30). 

The temporary threshold indicates the distance of 
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each observable satellite from each observation start 

position Ll. 

Here, an example in which the threshold setting unit 

156 sets the temporary thresholds Al, A2, and A3 will be 

described, but the number of temporary thresholds is not 

particularly limited. 

[0055] 

Next, the relative relationship value acquisition 

unit 151 acquires the relative relationship value for each 

temporary threshold (step S31). 

Specifically, the relative relationship value 

acquisition unit 151 counts, for each measurement time, 

the number of observable satellites located within a 

region (multipath generation region R2) within the 

distance indicated by the temporary threshold Al from the 

observation start position Ll of each observable satellite, 

and acquires the counted number of observable satellites 

as a relative relationship value for each measurement time 

at the temporary threshold Al. 	Similarly, the relative 

relationship value acquisition unit 151 acquires the 

relative relationship value for each measurement time at 

the temporary thresholds A2 and A3. 

[0056] 

Next, the prediction model generation unit 153 

generates a correlation function between the positional 
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error measured in advance and the relative relationship 

value acquired in step S31, for each temporary threshold 

(step S32). 

Specifically, as illustrated in Fig. 11, the 

prediction model generation unit 153 sets the "number of 

observable satellites in the multipath generation region 

R2" as the horizontal axis and the "positional error" as 

the vertical axis, and a correlation diagram in which the 

data is plotted, for each temporary threshold. 

Further, the prediction model generation unit 153 

obtains, for each temporary threshold, an approximation 

function Fl (correlation function) for calculating the 

"positional error" from the "number of observable 

satellites in the multipath generation region R2", based 

on the points plotted in the correlation diagram. 

[0057] 

Next, the threshold setting unit 156 sets, as the 

distance threshold A, a temporary threshold at which the 

approximation function Fl with the smallest residual 

variation is obtained, among the plurality of 

approximation functions Fl generated by the prediction 

model generation unit 153 (step S33). 

In the example of Fig. 11, when the temporary 

threshold is A2, the residual variation (for example, 

residual sum of squares) of the approximation function F1 
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is minimum. Therefore, in the example of Fig. 11, the 

threshold setting unit 156 sets the temporary threshold A2 

as the distance threshold A. 

[0058] 

The distance threshold A (temporary threshold A2 in 

the example of Fig. 11) set by the threshold setting unit 

156 is used when the positional error prediction device 1 

predicts the positional error. Specifically, in step S22 

of Fig. 2, the relative relationship value acquisition 

unit 151 of the positional error prediction device 1 

acquires, as a relative relationship value, the number of 

observable satellites located within the distance 

threshold A (temporary threshold A2) from each observation 

start position Ll, among the observable satellites at the 

target point. 

[0059] 

(Effects) 

As described above, the prediction model generation 

device 10 according to the present embodiment further 

includes a threshold setting unit 156 that sets, as the 

distance threshold A, a distance (threshold) at which the 

approximation function Fl having a smallest residual 

variation is obtained, among the distances (temporary 

thresholds Al to A3) of the plurality of observable 

satellites from the observation start position Ll. 
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By doing so, the prediction model generation device 

10 generates a prediction model by setting the distance 

threshold that makes the correlation between the 

positional error and the number of satellites located in 

the multipath generation region R2 strong, thereby further 

improving the prediction accuracy of the positional error. 

[0060] 

<Third embodiment> 

Next, a positional error prediction device 1 and a 

prediction model generation device 10 according to a third 

embodiment of the present invention will be described with 

reference to Fig. 12. 

The components common to those of the above-

described respective embodiments are denoted by the same 

reference numerals, and a detailed description thereof is 

omitted. 

[0061] 

In the present embodiment, the function of the 

threshold setting unit 156 of the prediction model 

generation device 10 is different from that of the second 

embodiment. 

The threshold setting unit 156 according to the 

present embodiment measures a pseudo distance between the 

reference point and the observable satellite, and sets, as 

the distance threshold for each satellite, a distance from 
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the observation start position Ll of the observable 

satellite to the position of the observable satellite when 

the pseudo distance has changed by a predetermined amount 

or more. 

[0062] 

Fig. 12 is a diagram illustrating an example of the 

distance threshold according to the third embodiment. 

For example, as illustrated in Fig. 12, the 

threshold setting unit 156 sequentially measures the 

pseudo distance between the reference point P1 and the 

observable satellite G1 after the observable satellite G1 

reaches the observation start position Ll. In the example 

of Fig. 12, when the observable satellite G1 moves to a 

position away from the observation start position Ll by a 

distance A4, the pseudo distance sharply decreases. This 

is because it is considered that the receiver 11 receives 

the reflected wave of the signal of the observable 

satellite G1 up to the position of the distance A4 due to 

the influence of the multipath, and can receive a direct 

wave at the position of the distance A4 or more due to the 

cancel of the multipath. 

Therefore, the threshold setting unit 156 according 

to the present embodiment sets this distance A4 as a 

distance threshold indicating the maximum value of the 

multipath generation region R2 of the observable satellite 
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G1. 

In addition, when there is another observable 

satellite at the reference point P1, the threshold setting 

unit 156 performs similar processing and sets a distance 

threshold for each satellite. 

[0063] 

The distance threshold for each satellite set by the 

threshold setting unit 156 is also used when the 

positional error prediction device 1 predicts a positional 

error. 

Specifically, 	when 	acquiring 	the 	relative 

relationship value in step S22 of Fig. 2, the relative 

relationship value acquisition unit 151 of the positional 

error prediction device 1 uses, as the predetermined 

distance threshold A, the maximum value among the distance 

thresholds for respective satellites set by the threshold 

setting unit 156. For example, when the distance A4 of 

the observable satellite G1 is the maximum value among the 

distance thresholds for respective satellites, the 

relative relationship value acquisition unit 151 acquires, 

as a relative relationship value, the number of observable 

satellites located within the distance threshold A 

(distance A4) from the observation start position Ll of 

each observable satellite. By setting the distance 

threshold A in this way, the positional error prediction 
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device 1 can predict the upper limit of the positional 

error at the target point. 

Further, when it is desired to improve the 

prediction accuracy of the positional error, the relative 

relationship value acquisition unit 151 may use the 

average value of the distance thresholds of respective 

satellites set by the threshold setting unit 156 as the 

predetermined distance threshold A. 

[0064] 

The prediction model generation device 10 according 

to the present embodiment having the above-described 

configuration can set the distance threshold A, by 

determining how far multipath affects from the observation 

start position, for each satellite, based on the change in 

the pseudo distance. Thereby, the prediction model 

generation device can further improve the prediction 

accuracy of the positional error. 

[0065] 

In addition, in the present embodiment, the example 

has been described in which the threshold setting unit 156 

sets, as the distance threshold A, the position of the 

satellite when the pseudo distance sharply decreases 

(changes by a predetermined amount or more), but the 

present invention is not limited to this. 

In another embodiment, the threshold setting unit 
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156 may sequentially measure the signal strength instead 

of the pseudo distance, and set, as the distance threshold 

for each satellite, the position of the satellite when the 

signal strength of each satellite sharply changes 

(increases). 

[0066] 

<Fourth embodiment> 

Next, a positional error prediction device 1 and a 

prediction model generation device 10 according to a 

fourth embodiment of the present invention will be 

described with reference to Figs. 13 and 14. 

The components common to those of the above-

described respective embodiments are denoted by the same 

reference numerals, and a detailed description thereof is 

omitted. 

[0067] 

In the present embodiment, the functions of the 

relative relationship value acquisition unit 151, the 

prediction model generation unit 153, and the threshold 

setting unit 156 of the positional error prediction device 

1 (prediction model generation device 10) are different 

from those of the above-described embodiments. 

[0068] 

The relative relationship value acquisition unit 151 

according to the present embodiment acquires, as a 
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relative relationship value, the separation distance from 

the observation start position Ll for the observable 

satellite closest to the observation start position Ll, 

among the plurality of observable satellites. 

Fig. 13 is a diagram illustrating an example of the 

relative relationship value according to the fourth 

embodiment. 

For example, as illustrated in Fig. 13, it is 

assumed that the orbits 01 to 04 of the satellites G1 to 

G4 are on the celestial sphere centered on the reference 

point P1. Further, it is assumed that the positions of 

the satellites G1 to G4 at a certain time Tn are Gin to 

G4n, respectively. 

When acquiring the relative relationship value at 

time Tn, the relative relationship value acquisition unit 

151 calculates the separation distance D1 from the 

observation start position Ll (G1b) of the observable 

satellite Gl, the separation distance D2 from the 

observation start position Ll (G2a) of the observable 

satellite G2, the separation distance D3 from the 

observation start position Ll (G3c) of the observable 

satellite G3, and the separation distance D4 from the 

observation start position Ll (G4b) of the observable 

satellite G4, respectively. Then, the relative 

relationship value acquisition unit 151 acquires, as the 
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relative relationship value, the shortest distance 

(minimum separation distance) among the separation 

distances D1 to D4. In the example of Fig. 13, since the 

separation distance D1 of the observable satellite G1 is 

the shortest, the relative relationship value acquisition 

unit 151 acquires the separation distance D1 as the 

relative relationship value. 

The relative relationship value acquisition unit 151 

similarly acquires relative relationship values at other 

times. In this way, the relative relationship value 

acquisition unit 151 acquires the minimum separation 

distance (relative relationship value) for each 

predetermined measurement time. 

[0069] 

Further, the prediction model generation unit 153 

according to the present embodiment generates a prediction 

model showing the correlation between the separation 

distance acquired as the relative relationship value and 

the positional error. 

Fig. 14 is a diagram illustrating an example of the 

prediction model according to the fourth embodiment. 

Specifically, as illustrated in Fig. 13, the 

prediction model generation unit 153 sets the "separation 

distance from the observation start position Ll" as the 

horizontal axis and the "positional error" as the vertical 
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axis, and associates and plots "separation distance = Dl" 

at time Tn with "positional error = et". 

The prediction model generation unit 153 similarly 

plots the "separation distance" and the "positional error" 

at all times to create a correlation diagram (scatter 

diagram) as illustrated in Fig. 14. When a plurality of 

reference points are set, the prediction model generation 

unit 153 collectively plots the "separation distance" and 

the "positional error" at all the reference points in one 

correlation diagram. 

[0070] 

In addition, as illustrated in Fig. 14, the 

threshold setting unit 156 according to the present 

embodiment sets, as the distance threshold, the distance 

A5 having the smallest "separation distance from the 

observation start position Ll", among the data whose 

positional error is equal to or less than the 

predetermined error threshold E, based on the data plotted 

in the correlation diagram. 

[0071] 

Then, the prediction model generation unit 153 

generates, as a prediction model, a correlation function 

between the positional error and the separation distance 

that is equal to or smaller than the distance threshold A5 

set by the threshold setting unit 156. 
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For example, the prediction model generation unit 

153 obtains the average value Eave and the maximum value 

Emax of the positional errors measured when the 

"separation distance from the observation start position 

Ll" is equal to or less than the distance threshold A5. 

Then, when at the target point to be predicted, the 

separation distance from the observation start position of 

the observable satellite closest to the observation start 

position Ll of each observable satellite is the distance 

threshold A5 or less, the prediction model generation unit 

153 generates a correlation function that outputs the 

maximum value Emax as a prediction model. The prediction 

model generation unit 153 may generate, as the prediction 

model, a correlation function that outputs the average 

value Eave instead of the maximum value Emax. 

Further, the generated prediction model is stored in 

the storage medium 14. 

[0072] 

As described above, in the prediction model 

generation device 10 according to the present embodiment, 

the relative relationship value acquisition unit 151 

acquires, as the relative relationship value, a separation 

distance of each of the plurality of observable satellites 

from the observation start position Ll of the observable 

satellite closest to the observation start position L1, 
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and the prediction model generation unit 153 generates a 

prediction model indicating the correlation between the 

separation distance from the observation start position Ll 

and the positional error. 

By doing so, the prediction model generation device 

10 can generate a positional error prediction model with 

the influence of multipath near the observation start 

position Ll taken into consideration, based on the 

separation distance from the observation start position L1 

of the observable satellite closest to the observation 

start position Ll. Thereby, the prediction model 

generation device 10 can improve the prediction accuracy 

of the positional error. 

[0073] 

Further, the threshold setting unit 156 according to 

the present embodiment sets, as a distance threshold, a 

smallest separation distance, among the separation 

distances having the positional error being equal to or 

less than a predetermined error threshold E, and the 

prediction model generation unit (153) generates, as the 

prediction model, a correlation function between the 

separation distance that is equal to or less than the 

distance threshold and the maximum value Emax of the 

positional error measured when the distance is equal to or 

less than the distance threshold. 
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By doing so, the prediction model generation device 

10 can set a distance threshold by deriving how far 

(separation distance) multipath affects from the 

observation start position L1, based on the correlation 

between the positional error and the separation distance. 

Further, it is possible to accurately predict the maximum 

positional error that will occur in the multipath 

generation region R2, by generating, as a prediction model, 

a correlation function with the maximum value Emax of the 

positional error measured when the distance is equal to or 

less than the distance threshold. 

[0074] 

(Hardware configuration) 

Fig. 15 is a diagram illustrating an example of a 

hardware configuration of the positional error prediction 

device and the prediction model generation device 

according to at least one embodiment. 

Hereinafter, 	an 	example 	of 	the 	hardware 

configuration of the positional error prediction device 1 

and the prediction model generation device 10 according to 

at least one embodiment described above will be described 

with reference to Fig. 15. 

As illustrated in Fig. 15, the computer 900 includes 

a CPU 901, a main storage device 902, an auxiliary storage 

device 903, and an interface 904. 
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The positional error prediction device 1 and the 

prediction model generation device 10 described above are 

implemented in the computer 900. The operation of each of 

the above-described processing units is stored in the 

auxiliary storage device 903 in the form of a program. 

The CPU 901 reads the program from the auxiliary storage 

device 903, develops the program into the main storage 

device 902, and executes the above process according to 

the program. Further, the CPU 901 secures a storage 

region used by the positional error prediction device 1 

and the prediction model generation device 10 for various 

processes in the main storage device 902 according to the 

program. Further, the CPU 901 secures a storage region 

(storage medium 14) for storing data being processed in 

the auxiliary storage device 903 according to the program. 

[0075] 

Examples of the auxiliary storage device 903 include 

a hard disk drive (HDD), a solid state drive (SSD), a 

magnetic disk, a magneto-optical disk, a compact disc read 

only memory (CD-ROM), a digital versatile disc read only 

memory (DVD-ROM), and a semiconductor memory. The 

auxiliary storage device 903 may be an internal medium 

directly connected to the bus of the computer 900, or may 

be an external medium connected to the computer 900 

through the interface 904 or a communication line. 
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Further, when this program is delivered to the computer 

900 through a communication line, the computer 900 

receiving the delivered program may develop the program in 

the main storage device 902 and execute the above process. 

In at least one embodiment, the auxiliary storage device 

903 is a non-transitory tangible storage medium. 

[0076] 

Further, the program may be for realizing a part of 

the above-described functions. 

Further, the program may be a so-called differential file 

(differential program) which realizes the above-described 

function in combination with other programs already stored 

in the auxiliary storage device 903. 

[0077] 

Although the embodiment of the present invention has 

been described in detail above, the present invention is 

not limited to these as long as it does not deviate from 

the technical idea of the present invention, and some 

design change and the like are also possible. 

For example, in each of the above-described 

embodiments, the aspect in which the positional error 

prediction device 1 and the prediction model generation 

device 10 are implemented on one computer has been 

described, but the present invention is not limited to 

this. In another embodiment, the positional error 
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prediction device 1 and the prediction model generation 

device 10 may be implemented on different computers. 

Industrial Applicability 

[0078] 

According to the positional error prediction device, 

the prediction model generation device, the positional 

error prediction method, the prediction model generation 

method, and the program described above, it is possible to 

perform the positional error prediction with the influence 

of multipath taken into consideration. 

Reference Signs List 

[0079] 

1 Positional error prediction device 

10 Prediction model generation device 

11 Receiver 

12 Operation unit 

13 Display unit 

14 Storage medium 

15 CPU 

150 Observation start position specifying unit 

151 Relative relationship value acquisition unit 

152 Error measurement unit 

153 Prediction model generation unit 

154 Satellite position acquisition unit 

155 Error prediction unit 
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156 Threshold setting unit 



Claims 

[Claim 1] 

A positional error prediction device comprising: 

a satellite position acquisition unit that acquires 

a position of a satellite from which a signal can be 

received, at target date and time on a target point at 

which a positional error prediction is performed; 

a relative relationship value acquisition unit that 

acquires a relative relationship value between the 

position of the satellite and an observation start 

position of the satellite at the target point; and 

an error prediction unit that predicts a positional 

error at the target date and time on the target point, 

based on the relative relationship value and a positional 

error prediction model generated in advance. 

[Claim 2] 

The positional error prediction device according to 

claim 1, 

wherein the relative relationship value acquisition 

unit acquires, as the relative relationship value, the 

number of the satellites located within a predetermined 

distance threshold from the observation start position of 

each of the plurality of satellites. 
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[Claim 3] 

The positional error prediction device according to 

claim 1, 

wherein the relative relationship value acquisition 

unit acquires, as the relative relationship value, a 

separation distance from the observation start position 

with respect to the satellite closest to the observation 

start position, among the plurality of satellites. 

[Claim 4] 

A prediction model generation device comprising: 

an observation start position specifying unit that 

specifies an observation start position of a satellite 

from which a signal can be received, at a reference point; 

a relative relationship value acquisition unit that 

acquires a relative relationship value between a position 

of the satellite and the observation start position of the 

satellite; 

an error measurement unit that measures a positional 

error at the reference point; and 

a prediction model generation unit that generates a 

prediction model used for prediction of a positional error 

at a certain point, based on the relative relationship 

value and the positional error. 
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[Claim 5] 

The prediction model generation device according to 

claim 4, 

wherein the relative relationship value acquisition 

unit acquires, as the relative relationship value, the 

number of the satellites located within a predetermined 

distance threshold from the observation start position of 

each of the plurality of satellites, and 

wherein the prediction model generation unit 

generates, as the prediction model, a correlation function 

between the number of the satellites and the positional 

error. 

[Claim 6] 

The prediction model generation device according to 

claim 5, further comprising: 

a threshold setting unit that sets, as the distance 

threshold, a distance at which the correlation function 

having a smallest residual variation is obtained, among 

the distances of the plurality of satellites from the 

observation start position. 

[Claim 7] 

The prediction model generation device according to 
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claim 5, further comprising: 

a threshold setting unit that measures a pseudo 

distance between the reference point and the satellite, 

and sets, as the distance threshold for each satellite, a 

distance from the observation start position of the 

satellite to the position of the satellite when the pseudo 

distance has changed by a predetermined amount or more. 

[Claim 8] 

The prediction model generation device according to 

claim 4, 

wherein the relative relationship value acquisition 

unit acquires, as the relative relationship value, a 

separation distance of each of the plurality of satellites 

from the observation start position of the satellite 

closest to the observation start position, and 

wherein the prediction model generation unit 

generates the prediction model indicating a correlation 

between the separation distance and the positional error. 

[Claim 9] 

The prediction model generation device according to 

claim 8, further comprising: 

a threshold setting unit that sets, as a distance 

threshold, a separation distance which is smallest among 
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the separation distances having the positional error being 

equal to or less than a predetermined error threshold, 

wherein the prediction model generation unit 

generates, as the prediction model, a correlation function 

between the separation distance that is equal to or less 

than the distance threshold and a maximum value of the 

positional error measured when the separation distance is 

equal to or less than the distance threshold. 

[Claim 10] 

A positional error prediction method comprising: 

a satellite position acquisition step of acquiring a 

position of a satellite from which a signal can be 

received, at target date and time on a target point at 

which a positional error prediction is performed; 

a relative relationship value acquisition step of 

acquiring a relative relationship value between the 

position of the satellite and an observation start 

position of the satellite at the target point; and 

an error prediction step of predicting, based on the 

relative relationship value and a positional error 

prediction model generated in advance, a positional error 

at the target date and time on the target point. 

[Claim 11] 
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A prediction model generation method comprising: 

an observation start position specifying step of 

specifying an observation start position of a satellite 

from which a signal can be received, at a reference point; 

a relative relationship value acquisition step of 

acquiring a relative relationship value between a position 

of the satellite and the observation start position of the 

satellite; 

an error measuring step of measuring a positional 

error at the reference point; and 

a prediction model generation step of generating a 

prediction model used for prediction of a positional error 

at a certain point, based on the relative relationship 

value and the positional error. 

[Claim 12] 

A program for causing a computer of a positional 

error prediction device to function, the program causing 

the computer to execute: 

a satellite position acquisition step of acquiring a 

position of a satellite from which a signal can be 

received, at target date and time on a target point at 

which a positional error prediction is performed; 

a relative relationship value acquisition step of 

acquiring a relative relationship value between the 
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position of the satellite and an observation start 

position of the satellite at the target point; and 

an error prediction step of predicting, based on the 

relative relationship value and a positional error 

prediction model generated in advance, a positional error 

at the target date and time on the target point. 

[Claim 13] 

A program for causing a computer of a prediction 

model generation device to function, the program causing 

the computer to execute: 

an observation start position specifying step of 

specifying an observation start position of a satellite 

from which a signal can be received, at a reference point; 

a relative relationship value acquisition step of 

acquiring a relative relationship value between a position 

of the satellite and the observation start position of the 

satellite; 

an error measuring step of measuring a positional 

error at the reference point; and 

a prediction model generation step of generating a 

prediction model used for prediction of a positional error 

at a certain point, based on the relative relationship 

value and the positional error. 


