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DESCRIPTION 

MEASUREMENT APPARATUS 

FIELD 

[0001] The present invention relates to a measurement 

apparatus. 

BACKGROUND 

[0002] A measurement apparatus that calculates the speed 

of a railway vehicle is known.  The measurement apparatus 

calculates a speed based on a speed pulse signal from a 

tachometer generator installed in a railway vehicle, the 

radius of a wheel, and the like, for example. 

CITATION LIST 

Patent Literature 

[0003] Patent Literature 1: Japanese Patent Application 

Laid-open No. 2000-168552 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 

[0004] However, errors occur between the speed pulse 

signal and the actual speed due to the influence of idling 

and sliding of wheels of the railway vehicle, and thus the 

accuracy of the speed is not sufficient that is calculated 

by the measurement apparatus on the basis of the speed 

pulse signal from the tachometer generator. 

Means for Solving Problem 

[0005] To solve the above problem, a measurement 

apparatus according to an embodiment includes a first speed 

calculation module, a second speed calculation module, and 
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a determination module.  The first speed calculation module 

is configured to calculate a first speed of a railway 

vehicle, based on satellite radio waves from a satellite in 

a global navigation satellite system.  The second speed 

calculation module is configured to calculate a second 

speed of the railway vehicle from a detection value of a 

sensor installed in the railway vehicle.  The determination 

module is configured to determine which of the first speed 

and the second speed is employed based on a preset 

condition. 

BRIEF DESCRIPTION OF DRAWINGS 

[0006] FIG. 1 is a plane view of a railway vehicle in 

which a control system of a first embodiment is installed. 

FIG. 2 is a block diagram of an entire configuration 

of the control system of the first embodiment. 

FIG. 3 is a block diagram illustrating functions of a 

measurement apparatus. 

FIG. 4 is a diagram illustrating positions of 

satellites of a global navigation satellite system (GNSS). 

FIG. 5 is a diagram illustrating selection of the 

satellites of the GNSS in position calculation. 

FIG. 6 is a diagram illustrating selection of the 

satellites of the GNSS in speed calculation. 

FIG. 7 is a sequence diagram illustrating position 

calculation processing executed by the measurement 

apparatus. 

FIG. 8 is a sequence diagram illustrating speed 

calculation processing executed by the measurement 

apparatus. 

FIG. 9 is a diagram illustrating a method for 

employing employed speed data of a second embodiment. 

FIG. 10 is a diagram of determination processing 
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executed by a determination processing unit of the second 

embodiment. 

FIG. 11 is an entire configuration diagram of the 

control system of a third embodiment. 

FIG. 12 is a diagram of the determination processing 

executed by the determination processing unit of the third 

embodiment. 

DETAILED DESCRIPTION 

[0007] The following exemplary embodiments and 

modifications include similar components.  Consequently, in 

the following, the similar components are denoted by common 

symbols, and a duplicate description is partially omitted.  

Parts included in the embodiments and modifications can be 

replaced with corresponding parts of other embodiments and 

modifications.  The configuration, position, and the like 

of the parts included in the embodiments and modifications 

are similar to those of the other embodiments and 

modifications unless otherwise referred to. 

[0008] First Embodiment 

FIG. 1 is a plane view of a railway vehicle 90 in 

which a control system 10 of a first embodiment is 

installed.  As illustrated in FIG. 1, the control system 10 

installed in the railway vehicle 90 receives satellite 

radio waves from satellites 94 of a global navigation 

satellite system (GNSS) 92.  The control system 10 

calculates the speed and the position of the railway 

vehicle 90 with the received satellite radio waves to 

control the railway vehicle 90. 

[0009] FIG. 2 is a block diagram of an entire 

configuration of the control system 10 of the first 

embodiment.  The control system 10 is installed in the 

railway vehicle 90 to perform the entire control of the 
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railway vehicle 90.  As illustrated in FIG. 2, the control 

system 10 includes a main control device 12 and a 

measurement apparatus 14. 

[0010] The main control device 12 controls the railway 

vehicle 90, based on railway route information 24 

indicating the condition of a route on which the railway 

vehicle 90 travels, employed position data 26 indicating 

the position of the railway vehicle 90, employed speed data 

28 indicating the speed of the railway vehicle 90, and the 

like.  The main control device 12 is a computer, for 

example.  The main control device 12 has a main control 

processing unit 20 and a main control storage unit 22. 

[0011] The main control processing unit 20 may be a 

hardware processor such as a central processing unit (CPU), 

a graphics processing unit (GPU), or a micro processing 

unit (MPU).  Part or the whole of the main control 

processing unit 20 may be formed by a circuit such as an 

application specific integrated circuit (ASIC) or a field-

programmable gate array (FPGA).  The main control 

processing unit 20 acquires the employed position data 26 

and the employed speed data 28 from the measurement 

apparatus 14 and stores them in the main control storage 

unit 22.  The main control processing unit 20 acquires 

information on a current position of the railway vehicle 90 

indicated by the employed position data 26 from the railway 

route information 24 of the main control storage unit 22 

and transmits it to the measurement apparatus 14.  The main 

control processing unit 20 may extract gradient data 

indicating the gradient of a route of the current position 

of the railway vehicle 90, angle data indicating the 

curvature of the route, and the like from the railway route 

information 24 and transmit them to the measurement 

apparatus 14, for example. 
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[0012] The main control storage unit 22 includes storage 

apparatuses such as a read only memory (ROM), a random 

access memory (RAM), a solid state drive (SSD), and a hard 

disk drive (HDD).  The main control storage unit 22 is 

connected to the main control processing unit 20 in such a 

manner that information can be input and output.  The main 

control storage unit 22 may be an external storage 

apparatus connected via a network or the like.  The main 

control storage unit 22 stores therein information required 

for the main control processing unit 20 to control the 

railway vehicle 90.  The main control storage unit 22 

stores therein the railway route information 24, the 

employed position data 26, and the employed speed data 28, 

for example.  The railway route information 24 is 

information associating data indicating the condition of 

the route such as the gradient data and the angle data of 

the route on which the railway vehicle 90 travels with 

positions on the route. 

[0013] The measurement apparatus 14 calculates a GNSS 

position and a GNSS speed indicating the position and the 

speed, respectively, of the railway vehicle 90 from the 

satellite radio waves received from the satellites 94 of 

the GNSS 92.  The measurement apparatus 14 calculates a 

self-contained position and a self-contained speed 

indicating the position and the speed, respectively, of the 

railway vehicle 90 from data detected by sensors described 

below.  The measurement apparatus 14 employs either 

position of the GNSS position or the self-contained 

position as an employed position and transmits the employed 

position data 26 indicating the employed position to the 

main control device 12.  The measurement apparatus 14 

employs either speed of the GNSS speed or the self-

contained speed as an employed speed and transmits the 
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employed speed data 28 indicating the employed speed to the 

main control device 12. 

[0014] The measurement apparatus 14 includes a sensor 

unit 30, a receiving antenna 32, a GNSS measurement 

processing unit 34, a self-contained measurement processing 

unit 36, and a determination device 38. 

[0015] The sensor unit 30 has one or more sensors.  The 

sensor unit 30 has a geomagnetic sensor 40, an acceleration 

sensor 42, and a gyro sensor 44, for example.  The 

geomagnetic sensor 40 detects an azimuth of the railway 

vehicle 90 and outputs azimuth data to the GNSS measurement 

processing unit 34.  The acceleration sensor 42 detects an 

acceleration of the railway vehicle 90 and outputs 

acceleration data to the self-contained measurement 

processing unit 36.  The gyro sensor 44 detects an angular 

velocity of the railway vehicle 90 and outputs angular 

velocity data to the self-contained measurement processing 

unit 36. 

[0016] The receiving antenna 32 receives the satellite 

radio waves from the satellites 94 of the GNSS 92.  The 

receiving antenna 32 outputs the satellite radio waves to 

the GNSS measurement processing unit 34. 

[0017] The GNSS measurement processing unit 34 may be a 

hardware processor such as a CPU, a GPU, or an MPU.  Part 

or the whole of the GNSS measurement processing unit 34 may 

be formed by a circuit such as an ASIC or an FPGA.  The 

GNSS measurement processing unit 34 acquires the azimuth 

data from the geomagnetic sensor 40 and acquires the 

satellite radio waves from the receiving antenna 32.  The 

GNSS measurement processing unit 34 calculates the GNSS 

position and the GNSS speed, based on the azimuth data and 

the satellite radio waves and outputs them to the 

determination device 38. 
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[0018] The self-contained measurement processing unit 36 

may be a hardware processor such as a CPU, a GPU, or an MPU.  

Part or the whole of the self-contained measurement 

processing unit 36 may be formed by a circuit such as an 

ASIC or an FPGA.  The self-contained measurement processing 5 

unit 36 acquires the acceleration data from the 

acceleration sensor 42 and acquires the angular velocity 

data from the gyro sensor 44.  The self-contained 

measurement processing unit 36 acquires the angle data and 

the gradient data indicating the condition of the route 10 

from the main control device 12.  The self-contained 

measurement processing unit 36 calculates the self-

contained position and the self-contained speed in a self-

contained manner, based on the acceleration data, the 

angular velocity data, the self-contained position and the 15 

self-contained speed calculated in the past, the angle data, 

and the gradient data and outputs them to the determination 

device 38. 

[0019] The determination device 38 employs either the 

GNSS position or the self-contained position as the 20 

employed position.  The determination device 38 employs 

either the GNSS speed or the self-contained speed as the 

employed speed.  The determination device 38 transmits the 

employed position data 26 and the employed speed data 28 to 

the main control device 12. 25 

[0020] FIG. 3 is a block diagram illustrating functions 

of the measurement apparatus 14. 

[0021] As illustrated in FIG. 3, the GNSS measurement 

processing unit 34 has a satellite selection module 50 for 

calculating position, a satellite selection module 52 for 30 

calculation speed, a GNSS position calculation module 54, 

and a GNSS speed calculation module 56.  The GNSS 

measurement processing unit 34 may read a computer program 



8 

for GNSS measurement to implement functions of the 

satellite selection module 50, the satellite selection 

module 52, the GNSS position calculation module 54, and the 

GNSS speed calculation module 56, for example.  Part or the 

whole of the functions of the satellite selection module 50, 

the satellite selection module 52, the GNSS position 

calculation module 54, and the GNSS speed calculation 

module 56 may be implemented by a circuit such as an ASIC 

or an FPGA. 

[0022] The satellite selection module 50 selects the 

satellites 94 for calculating the GNSS position.  The 

satellite selection module 50 acquires the satellite radio 

waves from the receiving antenna 32 and acquires the 

azimuth data from the geomagnetic sensor 40, for example.  

The satellite selection module 50 defines a selection range 

for position for selecting the satellites 94.  The 

satellite selection module 50 may set the selection range 

for position, based on an azimuth of a travel direction of 

the railway vehicle 90 indicated by the azimuth data and a 

set range for position, for example.  The set range for 

position is a range for inhibiting reception of satellite 

radio waves such as multipath and may be set in advance as 

an azimuth angle with a front-and-rear direction of the 

travel direction of the railway vehicle 90 as a center line 

and with the railway vehicle 90 as a standard point.  

Consequently, the satellite selection module 50 defines two 

front-and-rear fan-shaped ranges with the front-and-rear 

direction of the travel direction of the railway vehicle 90 

as a center line and with the azimuth angle indicated by 

the set range for position as a central angle as the 

selection range for position.  The set range for position 

may include an elevation angle.  In this case, the 

satellite selection module 50 defines an elliptical cone-
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shaped range with the railway vehicle 90 as the apex as the 

selection range for position.  The satellite selection 

module 50 selects the satellites 94 within the selection 

range for position as the satellites 94 for calculating the 

GNSS position, based on the positions of the satellites 94 

indicated by the satellite radio waves and outputs 

information on the selected satellites 94 to the GNSS 

position calculation module 54.  The satellite selection 

module 50 may select the satellites 94 with the intensity 

of the received satellite radio waves being a threshold 

intensity or higher among the satellites 94 within the 

selection range for position. 

[0023] The satellite selection module 52 selects the 

satellites 94 for calculating the GNSS speed.  The 

satellite selection module 52 is an exemplary satellite 

selection module.  The satellite selection module 52 

acquires the satellite radio waves from the receiving 

antenna 32 and acquires the azimuth data from the 

geomagnetic sensor 40, for example.  The satellite 

selection module 52 defines a selection range for speed for 

selecting the satellites 94.  The satellite selection 

module 52 may set a range including the travel direction of 

the railway vehicle 90 as the selection range for speed, 

based on the azimuth of the travel direction of the railway 

vehicle 90 indicated by the azimuth data and a set range 

for speed, for example.  The set range for speed is a range 

for inhibiting reception of satellite radio waves such as 

multipath and may be set in advance as an azimuth angle 

with the travel direction of the railway vehicle 90 as a 

center line and with the railway vehicle 90 as a standard 

point.  Consequently, the satellite selection module 52 

defines a fan-shaped range with the travel direction of the 

railway vehicle 90 as a center line and with the azimuth 
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angle indicated by the set range for speed as a central 

angle as the selection range for speed.  The set range for 

speed may include an elevation angle.  In this case, the 

satellite selection module 52 defines an elliptical cone-

shaped range with the railway vehicle 90 as the apex as the 

selection range for speed.  The satellite selection module 

52 selects the satellites 94 within the selection range for 

speed as the satellites 94 for calculating the GNSS speed, 

based on the positions of the satellites 94 indicated by 

the satellite radio waves and outputs information on the 

selected satellites 94 to the GNSS speed calculation module 

56. The satellite selection module 52 may select the

satellites 94 with the intensity of the received satellite 

radio waves being a threshold intensity or higher among the 

satellites 94 within the selection range for speed. 

[0024] The GNSS position calculation module 54 

calculates the GNSS position of the railway vehicle 90, 

based on the satellite radio waves from the satellites 94 

of the GNSS 92.  The GNSS position calculation module 54 

acquires the satellite radio waves from the receiving 

antenna 32 and acquires the information on the satellites 

94 selected in order to calculate the position from the 

satellite selection module 50, for example.  The GNSS 

position calculation module 54 calculates the position of 

the railway vehicle 90 as the GNSS position, based on the 

satellite radio waves of the satellites 94 selected by the 

satellite selection module 50 among the acquired satellite 

radio waves.  The GNSS position calculation module 54 

outputs GNSS position data indicating the calculated GNSS 

position together with a time of reception of the satellite 

radio waves (hereinafter, a reception time) to the 

determination device 38.  The GNSS position calculation 

module 54 outputs a valid flag of a satellite for position 
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as a selection result of the satellites 94 together with 

the GNSS position data to the determination device 38.  The 

GNSS position calculation module 54 outputs the valid flag 

of the satellite for position indicating that the selection 

result is valid when the number of the selected satellites 

94 is four or more, in which the position thereof can be 

calculated, for example.  The GNSS position calculation 

module 54 outputs the valid flag of the satellite for 

position indicating that the selection result is invalid 

when the number of the selected satellites 94 is less than 

three, in which the position thereof can be calculated. 

[0025] The GNSS speed calculation module 56 calculates 

the GNSS speed of the railway vehicle 90, based on the 

satellite radio waves from the satellites 94 of the GNSS 92.  

The GNSS speed calculation module 56 is an exemplary first 

speed calculation module.  The GNSS speed is an exemplary 

first speed.  The GNSS speed calculation module 56 acquires 

the satellite radio waves from the receiving antenna 32 and 

acquires the information on the satellites 94 selected in 

order to calculate the speed from the satellite selection 

module 52, for example.  The GNSS speed calculation module 

56 calculates the speed of the railway vehicle 90 as the 

GNSS speed, based on the satellite radio waves of the 

satellites 94 selected by the satellite selection module 52 

among the acquired satellite radio waves.  The GNSS speed 

calculation module 56 may calculate the GNSS speed, based 

on the Doppler effect of the satellite radio waves, for 

example.  When the satellite selection module 52 selects 

the satellites 94, the GNSS speed calculation module 56 may 

calculate an average of the speeds calculated from the 

respective satellites 94 as the GNSS speed.  The GNSS speed 

calculation module 56 outputs GNSS speed data indicating 

the calculated GNSS speed together with a time of reception 
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of the satellite radio waves (hereinafter, a reception 

time) to the determination device 38.  The GNSS speed 

calculation module 56 outputs a valid flag of a satellite 

for speed as a selection result of the satellites 94 

together with the GNSS speed data to the determination 

device 38.  The GNSS speed calculation module 56 outputs 

the valid flag of the satellite for speed indicating that 

the selection result is valid when the number of the 

selected satellites 94 is one or more, in which the speed 

can be calculated, for example.  The GNSS speed calculation 

module 56 outputs the valid flag of the satellite for speed 

indicating that the selection result is invalid when no 

satellites 94 have been selected. 

[0026] The self-contained measurement processing unit 36 

has a self-contained position calculation module 58 and a 

self-contained speed calculation module 60.  The self-

contained measurement processing unit 36 may read a 

computer program for self-contained measurement to 

implement functions of the self-contained position 

calculation module 58 and the self-contained speed 

calculation module 60, for example.  Part or the whole of 

the functions of the self-contained position calculation 

module 58 and the self-contained speed calculation module 

60 may be implemented by a circuit such as an ASIC or an 

FPGA. 

[0027] The self-contained position calculation module 58 

calculates the self-contained position of the railway 

vehicle 90 from detection values or the like of the sensors 

42 and 44 provided in the railway vehicle 90.  The self-

contained position calculation module 58 acquires the 

acceleration data from the acceleration sensor 42 and 

acquires the angular velocity data from the gyro sensor 44, 

for example.  The self-contained position calculation 
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module 58 acquires self-contained speed data from the self-

contained speed calculation module 60.  The self-contained 

position calculation module 58 calculates a current 

position of the railway vehicle 90 as the self-contained 

position from the acceleration indicated by the 

acceleration data, the angular velocity indicated by the 

angular velocity data, the self-contained speed indicated 

by the self-contained speed data, and the self-contained 

position calculated last time.  In an initial state such as 

at the start-up of the control system 10, the self-

contained position calculation module 58 may calculate the 

self-contained position with the employed position data 26 

stored at the last time end of the control system 10 as a 

standard.  The self-contained position calculation module 

58 may acquire the employed position data 26 from the main 

control device 12 regularly or for each constant moved 

distance to calibrate the self-contained position.  The 

self-contained position calculation module 58 may calibrate 

the self-contained position, based on position information 

acquired with a proximity sensor, or the like when the 

railway vehicle 90 passes by apparatuses having position 

information installed near the route.  The self-contained 

position calculation module 58 outputs self-contained 

position data indicating the calculated self-contained 

position to the determination device 38. 

[0028] The self-contained speed calculation module 60 

calculates the self-contained speed of the railway vehicle 

90 from the detection values or the like of the sensors 42 

and 44 installed in the railway vehicle 90.  The self-

contained speed calculation module 60 is an exemplary 

second speed calculation module.  The self-contained speed 

is an exemplary second speed.  The self-contained speed 

calculation module 60 acquires the acceleration data from 
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the acceleration sensor 42 and acquires the angular 

velocity data from the gyro sensor 44, for example.  The 

self-contained speed calculation module 60 acquires the 

railway route information 24 including the angle data and 

the gradient data from the main control device 12.  The 

self-contained speed calculation module 60 calculates the 

speed of the railway vehicle 90 as the self-contained speed 

from an integral value of the acceleration indicated by the 

acceleration data, the angular velocity indicated by the 

angular velocity data, the curvature of the route indicated 

by the angle data, and the gradient of the route indicated 

by the gradient data.  The self-contained speed calculation 

module 60 outputs the self-contained speed data indicating 

the calculate self-contained speed to the determination 

device 38. 

[0029] The determination device 38 includes a 

determination processing unit 62 and a determination 

storage unit 64. 

[0030] The determination processing unit 62 may be a 

hardware processor such as a CPU, a GPU, or an MPU.  The 

determination processing unit 62 may be formed by a circuit 

such as an ASIC or an FPGA.  The determination processing 

unit 62 has a determination module 66 and a transmission 

module 68.  The determination processing unit 62 may 

implement functions of the determination module 66 and the 

transmission module 68.  Part or the whole of the functions 

of the determination module 66 and the transmission module 

68 may be implemented by a circuit such as an ASIC or an 

FPGA. 

[0031] The determination module 66 determines which of 

the GNSS position and the self-contained position is 

employed as the employed position, based on a preset 

condition, and determines which of the GNSS speed and the 
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self-contained speed is employed as the employed speed, 

based on a preset condition.  Specifically, the 

determination module 66 acquires the GNSS position data, 

the GNSS speed data, the self-contained position data, and 

the self-contained speed data from the GNSS position 

calculation module 54, the GNSS speed calculation module 56, 

the self-contained position calculation module 58, and the 

self-contained speed calculation module 60, respectively.  

The determination module 66 stores the acquired GNSS 

position data and self-contained position data as position 

data 72 in the determination storage unit 64 and stores the 

GNSS speed data and the self-contained speed data as speed 

data 74 in the determination storage unit 64. 

[0032] The determination module 66 determines which of 

the acquired GNSS position data and self-contained position 

data is employed as the employed position data 26, based on 

the valid flag of the satellite for position, as a 

selection result of the satellite selection module 50.  

Specifically, the determination module 66 determines that 

the GNSS position data is employed as the employed position 

data 26 when the valid flag of the satellite for position 

is valid and the self-contained position data is employed 

as the employed position data 26 when the valid flag of the 

satellite for position is invalid.  The determination 

module 66 determines which of the GNSS speed data and the 

self-contained speed data is employed as the employed speed 

data 28, based on the valid flag of the satellite for speed, 

as a selection result of the satellite selection module 52.  

Specifically, the determination module 66 employs the GNSS 

speed data as the employed speed data 28 when the valid 

flag of the satellite for speed is valid and employs the 

self-contained speed data as the employed speed data 28 

when the valid flag of the satellite for speed is invalid.  
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The determination module 66 stores, in the determination 

storage unit 64, the employed position data 26 and the 

employed speed data 28 employed in association with a 

calculated time or a received time as employed data 76 and 

outputs them to the transmission module 68. 

[0033] The transmission module 68 transmits the employed 

position data 26 and the employed speed data 28 acquired 

from the determination module 66 to the main control device 

12. The transmission module 68 may acquire the employed

position data 26 and the employed speed data 28 from the 

determination storage unit 64. 

[0034] The determination storage unit 64 includes 

storage apparatuses such as a ROM, a RAM, an SSD, and an 

HDD.  The determination storage unit 64 is connected to the 

determination processing unit 62 in such a manner that 

information can be input and output.  The determination 

storage unit 64 may be an external storage apparatus 

connected via a network or the like.  The determination 

storage unit 64 stores therein the position data 72, the 

speed data 74, and the employed data 76 acquired from the 

determination module 66. 

[0035] FIG. 4 is a diagram illustrating the positions of 

the satellites 94 of the GNSS 92.  The center of FIG. 4 is 

the position of the railway vehicle 90, whereas the white 

arrow is the travel direction of the railway vehicle 90.  

The broken lines in FIG. 4 indicate orbits of the 

satellites 94.  As illustrated in FIG. 4, the satellites 94 

are present omnidirectionally, that is, across 360 degrees 

relative to the railway vehicle 90.  Consequently, the 

measurement apparatus 14 receives the satellite radio waves 

from all directions. 

[0036] FIG. 5 is a diagram illustrating selection of the 

satellites 94 of the GNSS 92 in position calculation.  As 
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illustrated in FIG. 5, the satellite-for-position selection 

module 50 of the measurement apparatus 14 defines a set 

range for position (60 degrees on both right and left sides, 

for example) set on both right and left sides with respect 

to the center of the front, which is the travel direction 

of the railway vehicle 90 and a set range for position (60 

degrees on both right and left sides, for example) set on 

both right and left sides with respect to the center of the 

rear, as a selection range RA1 for position (refer to the 

dot hatched area).  The satellite selection module 50 

selects the satellites 94 within the selection range RA1 

for position and outputs them to the GNSS position 

calculation module 54.  The GNSS position calculation 

module 54 defines the valid flag of the satellite for 

position to be valid when the number of the selected 

satellites 94 is four or more, in which the position 

thereof can be calculated. 

[0037] FIG. 6 is a diagram illustrating selection of the 

satellites 94 of the GNSS 92 in speed calculation.  As 

illustrated in FIG. 6, the satellite selection module 52 of 

the measurement apparatus 14 defines a set range for speed 

set on both right and left sides with the front, which is 

the travel direction of the railway vehicle 90, as the 

center (60 degrees on both right and left sides, for 

example), as a selection area RA2 for speed (refer to the 

dot hatched area).  The satellite selection module 52 

selects the satellites 94 within the selection area RA2 for 

speed and outputs them to the GNSS speed calculation module 

56. The GNSS speed calculation module 56 defines the valid

flag of the satellites for speed to be valid when the 

selected satellites 94 are present. 

[0038] FIG. 7 is a sequence diagram illustrating 

position calculation processing executed by the measurement 
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apparatus 14.  The flowchart on the left side of FIG. 7 is 

GNSS position calculation processing executed by the GNSS 

measurement processing unit 34.  The flowchart in the 

middle of FIG. 7 is self-contained position calculation 

processing executed by the self-contained measurement 

processing unit 36.  The flowchart on the right side of FIG. 

7 is determination processing executed by the determination 

processing unit 62. 

[0039] As illustrated on the left side of FIG. 7, in the 

GNSS measurement processing unit 34, the satellite 

selection module 50 and the GNSS position calculation 

module 54 acquire the satellite radio waves from the 

receiving antenna 32 (S102).  The satellite selection 

module 50 and the GNSS position calculation module 54 

acquire satellite orbit information including almanac and 

ephemeris from the satellite radio waves (S104).  The 

satellite selection module 50 acquires the azimuth data 

from the geomagnetic sensor 40 (S106).  The satellite 

selection module 50 defines the selection range RA1 for 

position with the front-and-rear direction along the travel 

direction of the railway vehicle 90 indicated by the 

azimuth data as the center, based on the set range for 

position (S108).  The satellite selection module 50 selects 

the satellite 94 within the selection range RA1 for 

position and outputs them to the GNSS position calculation 

module 54 (S110).  The GNSS position calculation module 54 

calculates the GNSS position as the position of the railway 

vehicle 90, based on the satellite orbit information 

acquired from the satellite radio waves of the satellites 

94 selected by the satellite-for-position selection module 

50 (S112).  The GNSS position calculation module 54 outputs 

the calculated GNSS position and the valid flag of the 

satellite for position to the determination processing unit 
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62 (S114).  The GNSS position calculation module 54 may 

make the valid flag of the satellite for position valid 

when the number of the satellites 94 selected by the 

satellite selection module 50 is four or more, and the GNSS 

position can be calculated and make the valid flag of the 

satellite for position invalid when the number of the 

satellites 94 is three or less.  Subsequently, the GNSS 

measurement processing unit 34 repeats Step S102 and the 

subsequent steps. 

[0040] As illustrated in the middle of FIG. 7, in the 

self-contained measurement processing unit 36, the self-

contained position calculation module 58 acquires the self-

contained speed data from the self-contained speed 

calculation module 60 and acquires the self-contained 

position data calculated last time (S202).  The self-

contained position calculation module 58 acquires the 

acceleration data from the acceleration sensor 42 and 

acquires the angular velocity data from the gyro sensor 44 

(S204).  The self-contained position calculation module 58 

calculates a this-time self-contained position, based on 

the self-contained speed indicated by the self-contained 

speed data, the acceleration data, and the angular velocity 

data from the self-contained position calculated last time 

(S206).  The self-contained position calculation module 58 

outputs the self-contained position to the determination 

processing unit 62 (S208).  Subsequently, the self-

contained measurement processing unit 36 repeats Step S202 

and the subsequent steps. 

[0041] As illustrated on the right side of FIG. 7, in 

the determination processing unit 62, the determination 

module 66 acquires the self-contained position from the 

self-contained measurement processing unit 36 (S302).  The 

determination module 66 acquires the GNSS position and the 
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valid flag of the satellite for position from the GNSS 

measurement processing unit 34 (S304).  The determination 

module 66 stores the self-contained position and the GNSS 

position as the position data 72 in the determination 

storage unit 64 (S306).  The determination module 66 

determines whether the valid flag of the satellite for 

position is valid (S308).  If the determination module 66 

determines that the valid flag of the satellite for 

position is valid (Yes at S308), the determination module 

66 employs the GNSS position data as the employed position 

data 26 (S310).  If the determination module 66 determines 

that the valid flag of the satellite for position is not 

valid (No at S308), the determination module 66 employs the 

self-contained position data as the employed position data 

26 (S312).  The determination module 66 stores the employed 

position data 26 that has been employed as the employed 

data 76 in the determination storage unit 64 (S314).  The 

transmission module 68 acquires the employed position data 

26 from the determination module 66 or the determination 

storage unit 64 and transmits it to the main control device 

12 (S316).  Subsequently, the determination processing unit 

62 repeats Step S302 and the subsequent steps. 

[0042] FIG. 8 is a sequence diagram illustrating speed 

calculation processing executed by the measurement 

apparatus 14.  The flowchart on the left side of FIG. 8 is 

GNSS speed calculation processing executed by the GNSS 

measurement processing unit 34.  The flowchart in the 

middle of FIG. 8 is self-contained speed calculation 

processing executed by the self-contained measurement 

processing unit 36.  The flowchart on the right side of FIG. 

8 is determination processing executed by the determination 

processing unit 62. 

[0043] As illustrated on the left side of FIG. 8, in the 
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GNSS measurement processing unit 34, the satellite 

selection module 52 and the GNSS speed calculation module 

56 acquire the satellite radio waves from the receiving 

antenna 32 (S122).  The satellite selection module 52 and 

the GNSS speed calculation module 56 acquire satellite 

orbit information including almanac and ephemeris from the 

satellite radio waves (S124).  The satellite selection 

module 52 acquires the azimuth data from the geomagnetic 

sensor 40 (S126).  The satellite selection module 52 

defines the selection range RA2 for speed with the travel 

direction of the railway vehicle 90 indicated by the 

azimuth data as the center, based on the set range for 

speed (S128).  The satellite selection module 52 selects 

the satellite 94 within the selection range RA2 for speed 

and outputs them to the GNSS speed calculation module 56 

(S130).  The GNSS speed calculation module 56 calculates 

the GNSS speed as the speed of the railway vehicle 90, 

based on the satellite orbit information acquired from the 

satellite radio waves of the satellites 94 selected by the 

satellite selection module 52 (S132).  The GNSS speed 

calculation module 56 outputs the calculated GNSS speed and 

the valid flag of the satellite for speed to the 

determination processing unit 62 (S134).  The GNSS speed 

calculation module 56 may make the valid flag of the 

satellite for speed valid when the number of the satellites 

94 selected by the satellite selection module 52 is one or 

more, and the GNSS speed can be calculated and make the 

valid flag of the satellite for speed invalid when there 

are no satellites 94.  Subsequently, the GNSS measurement 

processing unit 34 repeats Step S122 and the subsequent 

steps. 

[0044] As illustrated in the middle of FIG. 8, in the 

self-contained measurement processing unit 36, the self-
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contained speed calculation module 60 acquires the railway 

route information 24 including the angle data and the 

gradient data of the route on which the railway vehicle 90 

travels from the main control device 12 (S222).  The self-

contained speed calculation module 60 acquires the 

acceleration data from the acceleration sensor 42 and 

acquires the angular velocity data from the gyro sensor 44 

(S224).  The self-contained speed calculation module 60 

calculates the self-contained speed, based on the gradient 

data, the angle data, the acceleration data, and the 

angular velocity data (S226).  The self-contained speed 

calculation module 60 outputs the self-contained speed to 

the determination processing unit 62 and the self-contained 

position calculation module 58 (S228).  Subsequently, the 

self-contained measurement processing unit 36 repeats Step 

S222 and the subsequent steps. 

[0045] As illustrated on the right side of FIG. 8, in 

the determination processing unit 62, the determination 

module 66 acquires the self-contained speed from the self-

contained measurement processing unit 36 (S322).  The 

determination module 66 acquires the GNSS speed and the 

valid flag of the satellite for speed from the GNSS 

measurement processing unit 34 (S324).  The determination 

module 66 stores the self-contained speed and the GNSS 

speed as the speed data 74 in the determination storage 

unit 64 (S326).  The determination module 66 determines 

whether the valid flag of the satellite for speed is valid 

(S328).  If the determination module 66 determines that the 

valid flag of the satellite for speed is valid (Yes at 

S328), the determination module 66 employs the GNSS speed 

data as the employed speed data 28 (S330).  If the 

determination module 66 determines that the valid flag of 

the satellite for speed is not valid (No at S328), the 
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determination module 66 employs the self-contained speed 

data as the employed speed data 28 (S332).  The 

determination module 66 stores the employed speed data 28 

that has been employed as the employed data 76 in the 

determination storage unit 64 (S334).  The transmission 5 

module 68 acquires the employed speed data 28 from the 

determination module 66 or the determination storage unit 

64 and transmits it to the main control device 12 (S336).  

Subsequently, the determination processing unit 62 repeats 

Step S322 and the subsequent steps. 10 

[0046] As described above, the measurement apparatus 14 

of the first embodiment employs the employed speed as the 

speed of the railway vehicle 90 used in the control of the 

railway vehicle 90 by the main control device 12 from 

either the GNSS speed calculated on the basis of the 15 

satellite radio waves of the GNSS 92 or the self-contained 

speed calculated from the detection values of the sensors 

42 and 44.  Thus, the measurement apparatus 14 can employ 

an employed speed with high accuracy from the speeds 

calculated by the two different methods and can thus 20 

improve the calculation accuracy of the speed of the 

railway vehicle 90. 

[0047] The measurement apparatus 14 employs the employed 

speed from either the GNSS speed or the self-contained 

speed, based on the valid flag of the satellite for speed 25 

indicating the selection result of the satellites 94 for 

calculating the GNSS speed by the satellite selection 

module 52.  Thus, the measurement apparatus 14 can employ 

the GNSS speed as the employed speed when calculation 

accuracy by the satellites 94 is high. 30 

[0048] The measurement apparatus 14 selects the 

satellites 94 for calculating the GNSS speed, based on the 

selection range RA2 for speed including the travel 

direction of the railway vehicle 90.  Thus, the measurement 
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apparatus 14 can improve the calculation accuracy of the 

GNSS speed, and can employ the GNSS speed with high 

accuracy as the employed speed, based on the selection 

result of the satellites 94. 

[0049] Second Embodiment 

The following describes a second embodiment, which 

differs in the method for employing the employed speed data 

28 to be employed by the determination processing unit 62.  

In the second embodiment, the GNSS position calculation 

module 54 is an exemplary first position calculation module. 

[0050] FIG. 9 is a diagram illustrating the method for 

employing the employed speed data 28 of the second 

embodiment.  The positions P1, P2, and P3 in FIG. 9 

indicate positions of the railway vehicle 90 at different 

times.  The positions P1, P2, and P3 may be positions 

indicated by the GNSS position data.  The position P3 

indicates the current or latest position calculated from 

the satellite radio waves.  The position P2 indicates a 

position calculated from the satellite radio waves before 

the position P3.  The position P1 indicates a position 

calculated from the satellite radio waves before the 

position P2.  Xn and Yn within the parentheses of the 

position Pn (n = 1,2,3) indicate coordinates of the 

position Pn. 

[0051] The determination module 66 determines which of 

the GNSS speed and the self-contained speed is employed as 

the employed speed, based on direction vectors V1 and V2 

that connect the position P1 and the position P2 with each 

other and connect the position P2 and the position P3 with 

each other, respectively.  The determination module 66 

acquires position coordinates of the positions P1, P2, and 

P3 from the position data 72 stored in the determination 

storage unit 64, for example.  The position coordinates may 
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be coordinates transformed from longitude data and latitude 

data into a Cartesian coordinate system.  The determination 

module 66 calculates the direction vector V1 from the 

position P1 to the position P2 and calculates the direction 

vector V2 from the position P2 to the position P3.  The 

determination module 66 calculates an inner product value 

IP of the direction vectors V1 and V2 (= (X2 - X1)(X3 - 

X2) + (Y2 - Y1)(Y3 - Y2)).  The determination module 66 

determines whether the GNSS speed data is employed as the 

employed speed data 28 by comparison between the inner 

product value IP and an employment threshold.  The 

employment threshold is a value based on which whether an 

angle between the direction vectors V1 and V2 corresponds 

to the curvature of the route indicated by the angle data 

is determined.  The employment threshold may be set in 

advance in association with a position on the route of the 

railway vehicle 90 or may be calculated from the curvature 

of the route indicated by the angle data.  The 

determination module 66 may employ the GNSS speed data as 

the employed speed data 28 if the valid flag of the 

satellite for speed is valid and the inner product value IP 

is not less than the employment threshold, for example.  

The determination module 66 may employ the self-contained 

speed data as the employed speed data 28 if the valid flag 

of the satellite for speed is invalid or the inner product 

value IP is less than the employment threshold. 

[0052] FIG. 10 is determination processing executed by 

the determination processing unit 62 of the second 

embodiment.  Steps similar to those of FIG. 8 are denoted 

by the same step numbers, and descriptions thereof are 

omitted.  The GNSS speed/self-contained speed calculation 

processing is similar to that of FIG. 8 and is thus omitted. 

[0053] As illustrated in FIG. 10, the determination 
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module 66 executes Step S322 to Step S328.  If the valid 

flag of the satellite for speed is valid (Yes at S328), the 

determination module 66 calculates the two direction 

vectors V1 and V2 from the position coordinates of the 

positions P1, P2, and P3 and then calculates the inner 

product value IP of the two direction vectors V1 and V2 

(S340).  The determination module 66 determines whether the 

calculated inner product value IP is not less than the 

employment threshold (S342).  If the inner product value IP 

is not less than the employment threshold (Yes at S342), 

the determination module 66 employs the GNSS speed data as 

the employed speed data 28 (S330). 

[0054] In contrast, if the valid flag of the satellite 

for speed is not valid (No at S328), or if the inner 

product value IP is less than the employment threshold (No 

at S342), the determination module 66 employs the self-

contained speed data as the employed speed data 28. 

[0055] Subsequently, the determination module 66 and the 

transmission module 68 execute Step S334 and the subsequent 

step. 

[0056] As described above, the measurement apparatus 14 

of the second embodiment employs the employed speed from 

the GNSS speed and the self-contained speed, based on the 

direction vectors connecting the positions of the railway 

vehicle 90 at different times calculated from the satellite 

radio waves with each other.  Thus, the measurement 

apparatus 14 determines whether the direction vectors 

correspond to the curvature of the route on which the 

railway vehicle 90 travels and can thus determine whether 

the satellite radio waves are normal.  Consequently, the 

measurement apparatus 14 can employ the GNSS speed with 

high accuracy as the employed speed when the satellite 

radio waves are normal. 
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[0057] Third Embodiment 

The following describes a third embodiment, which has 

a different method for employing the employed speed data 28 

to be employed by the determination processing unit 62.  In 

the third embodiment, the GNSS position calculation module 

54 is an exemplary second position calculation module.  The 

self-contained position calculation module 58 may function 

as the second position calculation module. 

[0058] FIG. 11 is an entire configuration diagram of the 

control system 10 of the third embodiment.  As illustrated 

in FIG. 11, the main control storage unit 22 of the main 

control device 12 of the third embodiment further stores 

therein map database 29.  The map database 29 includes 

position information on positions of objects such as 

stations and tunnels on the route of the railway vehicle 90.  

In other words, the map database 29 includes information on 

the objects that are hard to receive the satellite radio 

waves.  The main control device 12 outputs the position 

information of the objects included in the map database 29 

to the determination device 38. 

[0059] The determination module 66 of the determination 

device 38 determines which of the GNSS speed and the self-

contained speed is employed as the employed speed, based on 

the position of the railway vehicle 90 and the positions of 

the objects.  The determination module 66 acquires the 

position information of the objects included in the map 

database 29, and determines whether the position of the 

railway vehicle 90 indicated by the employed position data 

26 is a self-contained employment area, based on the 

position information, for example.  The self-contained 

employment area is an area including the objects such as 

stations and tunnels and the vicinity of the objects and is 

an area hard to receive the satellite radio waves.  When 
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the position of the railway vehicle 90 is the self-

contained employment area, the determination module 66 

employs the self-contained speed data as the employed speed 

data 28.  When the valid flag of the satellite for speed 

becomes valid after the position of the railway vehicle 90 

has been the self-contained employment area, the 

determination module 66 employs the GNSS speed data as the 

employed speed data 28. 

[0060] FIG. 12 is determination processing executed by 

the determination processing unit 62 of the third 

embodiment.  Steps similar to those of FIG. 8 are denoted 

by the same step numbers, and descriptions thereof are 

omitted.  The GNSS speed/self-contained speed calculation 

processing is similar to that of FIG. 8 and is thus omitted. 

[0061] The determination module 66 of the determination 

processing unit 62 executes Step S322 to Step S326.  The 

determination module 66 acquires the position information 

of the objects such as stations and tunnels included in the 

map database 29 from the main control device 12 (S350).  

The determination module 66 acquires the latest employed 

position data 26 from the employed data 76 stored in the 

determination storage unit 64 (S352).  The determination 

module 66 determines whether the position of the railway 

vehicle 90 indicated by the employed position data 26 is 

within the self-contained employment area (S354).  If the 

determination module 66 determines that the position of the 

railway vehicle 90 is within the self-contained employment 

area (Yes at S354), the determination module 66 employs the 

self-contained speed data as the employed speed data 28 

(S332).  If the determination module 66 determines that the 

position of the railway vehicle 90 is not within the self-

contained employment area (No at S354), the determination 

module 66 determines whether the valid flag of the 
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satellite for speed is valid (S328).  If the determination 

module 66 determines that the valid flag of the satellite 

for speed is valid (Yes at S328), the determination module 

66 employs the GNSS speed data as the employed speed data 

28 (S330).  If the determination module 66 determines that 

the valid flag of the satellite for speed is not valid (No 

at S328), the determination module 66 employs the self-

contained speed data as the employed speed data 28 (S332).  

Subsequently, the determination module 66 and the 

transmission module 68 execute S334 and the subsequent step. 

[0062] As described above, the measurement apparatus 14 

of the third embodiment employs the employed speed from the 

GNSS speed and the self-contained speed, based on the 

position information of the objects such as stations and 

tunnels on the route of the railway vehicle 90.  Thus, the 

measurement apparatus 14 can employ the GNSS speed as the 

employed speed in areas other than the vicinity of stations, 

tunnels, and the like, in which it is easy to receive the 

satellite radio waves and employ the self-contained speed 

as the employed speed near stations, tunnels, and the like 

that is hard to receive the satellite radio waves.  

Consequently, the measurement apparatus 14 can employ the 

speed with high accuracy as the employed speed. 

[0063] Some embodiments of the present invention have 

been described; these embodiments have been presented by 

way of example and do not intend limit the scope of the 

invention.  These novel embodiments can be performed in 

various other modes; various omissions, replacements, and 

modifications can be made within the scope not departing 

from the gist of the invention.  These embodiments and 

modifications thereof are included in the invention 

described in the claims and equivalents thereof as well as 

being included in the scope and gist of the invention. 
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[0064] The computer programs described above may be 

stored and provided in a computer-readable storage medium 

such as a compact disc read only memory (CD-ROM) or a 

digital versatile disc read only memory (DVD-ROM) or may be 

provided via a network such as the Internet. 

[0065] In the embodiments described above, the self-

contained speed calculation module 60 calculates the self-

contained speed, based on the acceleration data detected by 

the acceleration sensor 42; however, the method for 

calculating the self-contained speed is not limited to this 

method.  The self-contained speed calculation module 60 may 

calculate the self-contained speed, based on a speed pulse 

signal detected by a sensor provided in a tachometer 

generator of the railway vehicle 90, the radius of a wheel 

of the railway vehicle 90, and the like, for example. 

[0066] The embodiments described above may be combined 

with each other.  With the first embodiment, the second 

embodiment, and the third embodiment combined with each 

other, the crew or the like of the railway vehicle 90 may 

select the determination processing by the determination 

processing unit 62, for example. 

[0067] The order of the steps of the flowcharts of the 

embodiments described above may be changed as appropriate. 
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CLAIMS 

1. A measurement apparatus comprising:

a first speed calculation module configured to 

calculate a first speed of a railway vehicle, based on 5 

satellite radio waves from a satellite in a global 

navigation satellite system; 

a second speed calculation module configured to 

calculate a second speed of the railway vehicle from a 

detection value of a sensor installed in the railway 10 

vehicle;  

a first position calculation module configured to 

calculate a position of the railway vehicle based on the 

satellite radio waves; and 

a determination module configured to determine which 15 

of the first speed and the second speed is employed based 

on a preset condition, wherein 

the determination module determines which of the first 

speed and the second speed is employed, based on a 

direction vector connecting a position and a position of 20 

the railway vehicle at different times with each other. 

2. The measurement apparatus according to claim 1, 

further comprising a satellite selection module configured 

to select the satellite to be used for calculating the 25 

first speed, wherein 

the determination module determines which of the first 

speed and the second speed is employed, based on a 

selection result of the satellite selection module. 

30 

3. The measurement apparatus according to claim 2, 

wherein the satellite selection module selects the 

MCSLLP
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satellite within a selection range for speed including a 

travel direction of the railway vehicle, as the satellite 

to be used for calculating the first speed. 

4. The measurement apparatus according to any one of 5 

claims 1 to 3, further comprising a second position 

calculation module configured to calculate a position of 

the railway vehicle, wherein 

the determination module acquires position information 

on a position of an object on a route on which the railway 10 

vehicle travels and determines which of the first speed and 

the second speed is employed based on the position of the 

railway vehicle and the position of the object. 
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