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DESCRIPTION 

 

SENSOR DEVICE SYSTEM 

 

Technical Field 5 

[0001] The present disclosure relates to a sensor device system including a 

sensor device that contactlessly acquires measurement values measured by a 

measuring instrument. 

 

Background Art 10 

[0002] In recent years, automation has increased in assembly and inspection 

processes in manufacturing plants, and robots, for example, are being utilized 

in assembly and inspection apparatuses. There are robots that are provided 

with measuring instruments for monitoring the operating state. Meanwhile, 

the increasing number of measuring instruments used in manufacturing 15 

plants makes it desirable to simplify the task of monitoring measuring 

instruments. This has led to a growing demand for measuring instrument 

measuring devices with wireless capabilities that can remotely monitor the 

operating state of measuring instruments. Such measuring instrument 

measuring devices include that described in Patent Document 1 given as a 20 

source of reference below, for example. 

[0003] Patent Document 1 describes an output system that is attached to a 

measuring instrument and functions to contactlessly detect the indicated 

value of a pointer of the measuring instrument and output this indicated 

value, and a (calibration) method for calibrating the output system. This 25 

output system includes a magnet that rotates together with the pointer, a 

plurality of magnetic sensors that detect the magnetic field of the magnet, an 

information generation section that generates indicated value information 

relating to the indicated value shown by the pointer based on the detection 

values of the magnetic sensors, and an output section that outputs the 30 

indicated value information. 

 

Prior Art Documents 

Patent Documents 

[0004] Patent Document 1: JP 2020-183886A 35 
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Disclosure of the Invention 

Problem to be Solved by the Invention 

[0005] The output system described in Patent Document 1 generates data 

that associates meter reading values of the magnetic sensors in a steady state 

with initial installation information. However, in order to obtain this initial 5 

installation information, parameters for performing correction (calibration) 

need to be calculated by rotating the pointer and sequentially acquiring first 

and second meter reading values, and these parameters need to be stored. 

The output system described in Patent Document 1 thus requires rotating the 

pointer of the measuring instrument in order to correct the meter reading 10 

value and is troublesome. 

[0006] In view of this, a sensor device system capable of correcting 

(calibrating) a meter reading value without rotating the pointer of a 

measuring instrument is desired. 

 15 

Means for Solving Problem 

[0007] The characteristic configuration of a sensor device system according 

to the present disclosure is a sensor device system including a sensor device 

attachable for use to a measuring instrument and configured to contactlessly 

acquire a measurement value measured by the measuring instrument, the 20 

measuring instrument including a scale plate marked with a scale, a shaft 

member that moves rotationally around an axis perpendicular to a plate face 

of the scale plate, a pointer that moves rotationally around the axis together 

with the shaft member and indicates the scale, and a magnet that moves 

rotationally around the axis together with the shaft member, the pointer 25 

including an axial portion attached to the shaft member and an indicating 

portion extending radially outward from the axial portion and pointing to the 

scale as viewed in an axial direction, the magnet having one each of an N pole 

and an S pole disposed in a circumferential direction of the shaft member, the 

sensor device including a sensor circuit and a case accommodating the sensor 30 

circuit, the sensor circuit generating a magnetic pole boundary direction 

value by detecting a magnetic pole boundary direction parallel to an interface 

between the N pole and the S pole, and generating a meter reading value by 

correcting the magnetic pole boundary direction value with a correction value, 

and the correction value being calculated based on an extension direction of 35 

the pointer and an angle formed by the magnetic pole boundary direction and 
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a reference direction of the magnetic pole boundary direction. 

[0008] With such a characteristic configuration, by correcting the magnetic 

pole boundary direction value with the correction value calculated based on 

the extension direction of the pointer of the measuring instrument and the 

angle formed by the magnetic pole boundary direction parallel to the interface 5 

of the N and S poles of the magnet and the reference direction of the magnetic 

pole boundary direction, the measurement value pointed to by the pointer of 

the measuring instrument can be aligned with the measurement value 

acquired by the sensor device. Accordingly, in the sensor device system, a 

correction value can be generated simply by detecting the magnetic pole 10 

boundary direction at any position of the pointer of the measuring instrument, 

and thus the meter reading value can be corrected, without rotationally 

moving the pointer of the measuring instrument. 

[0009] Preferably, the sensor device further includes a wireless circuit having 

an antenna that transmits the meter reading value to a transceiver located 15 

separately from the sensor device, and the wireless circuit is capable of two-

way wireless communication with the transceiver and is configured to receive 

a command from the transceiver to start correction with the correction value. 

[0010] With such a configuration, there is no need to provide a functional 

section (e.g., switch) that uses a non-wireless method, such as a Hall element, 20 

for example, to start correction with a correction value. There is also no need 

to provide another wireless circuit to transmit the meter reading value to the 

transceiver, in order to correct the meter reading value. Accordingly, an 

increase in the cost of the sensor device system can be prevented. 

[0011] Preferably, the wireless circuit performs transmission and reception 25 

based on an LPWA system. 

[0012] With such a configuration, the wireless circuit can be driven with low 

power consumption. 

[0013] Preferably, the sensor device system further includes a storage that 

stores the correction value. 30 

[0014] With such a configuration, the meter reading value can be corrected 

with a correction value stored in the storage of the sensor device system, and 

thus a correction value can be easily acquired and a meter reading value 

corrected within the sensor device system can be generated. Furthermore, the 

correction value is stored in the storage, and thus the same correction value 35 

can also be utilized in subsequent correction. 
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[0015] Preferably, the sensor device further includes a battery section, the 

sensor circuit includes a sensor section that acquires position information 

indicating a position of the pointer, and the wireless circuit is equal in height 

to the sensor section in the axial direction. 

[0016] With such a configuration, in the case of mounting the wireless circuit 5 

and the sensor section on the same surface of the substrate, for example, the 

mounting heights can be uniformized. This facilitates managing the 

mounting heights. Also, when mounting the wireless circuit and the sensor 

section on different surfaces of the substrate, the mounting heights on one 

surface of the substrate and the other surface of the substrate can be 10 

uniformized. This facilitates managing the mounting heights. 

[0017] Alternatively, a configuration may be adopted in which the sensor 

device further includes a battery section, the sensor circuit includes a sensor 

section that acquires position information indicating a position of the pointer, 

and the wireless circuit is located between the sensor section and the battery 15 

section. 

[0018] By disposing the wireless circuit in the space between the sensor 

section and the battery section, as in such a configuration, the sensor device 

can be made more compact. 

[0019] Preferably, the scale is marked on the scale plate over a range 20 

exceeding 180 degrees centered on the shaft member, and the correction value 

is calculated using an arctangent function that takes two arguments. 

[0020] An arctangent function that takes two arguments obtains an angle 

value included in a range from −180 degrees to 180 degrees, and thus the 

correction value can be properly calculated, even if the scale marked on the 25 

scale plate spans a range exceeding 180 degrees centered on the shaft member. 

 

Brief Description of the Drawings 

[0021] FIG. 1 is a perspective view showing a sensor device attached to a 

measuring instrument. 30 

 FIG. 2 is a perspective view showing the sensor device before being 

attached to the measuring instrument. 

 FIG. 3 is an exploded perspective view of the measuring instrument. 

 FIG. 4 is a cross-sectional view of the measuring instrument and the 

sensor device. 35 

 FIG. 5 is an exploded perspective view of the sensor device. 



5 

 FIG. 6 is an assembly diagram of a body case and a substrate. 

 FIG. 7 is an assembly diagram of the body case and the substrate. 

 FIG. 8 is a flowchart showing processing related to storage of a 

correction value. 

 FIG. 9 shows the case where there is no deviation between a pointer 5 

and a magnetic pole boundary direction value. 

 FIG. 10 shows the case where there is a deviation in the magnetic pole 

boundary direction value. 

 FIG. 11 shows a measurement target being applied to the measuring 

instrument. 10 

 FIG. 12 is a flowchart showing processing related to storage of a 

correction value. 

 FIG. 13 is a flowchart showing processing of a sensor device system. 

 FIG. 14 is a flowchart showing processing of the sensor device system. 

 15 

Best Mode for Carrying out the Invention 

[0022] Hereinafter, a sensor device system of the present disclosure will be 

described. The sensor device system includes a sensor device and a storage. 

Note that the constituent elements of the embodiment described below can be 

combined with each other as long as are no inconsistencies therebetween. 20 

Also, the materials, shapes, dimensions, number, disposition, and the like of 

the constituent elements in the various modes of the embodiments described 

below are given as examples thereof, and design modifications can be freely 

made within a range that can achieve similar functions. 

[0023] An example of a sensor device D1 will be described below with 25 

reference to FIGS. 1 to 7. FIG. 1 is a perspective view showing the sensor 

device D1 attached to a measuring instrument G1. FIG. 2 is a perspective 

view showing the sensor device D1 before being attached to the measuring 

instrument G1. FIG. 3 is an exploded perspective view of the measuring 

instrument G1. FIG. 4 is a cross-sectional view of the sensor device D1 and 30 

the measuring instrument G1. FIG. 5 is an exploded perspective view of the 

sensor device D1. FIGS. 6 and 7 are assembly diagrams of a body case 1a and 

a substrate 6. 

[0024] Hereinafter, the direction parallel to the axis of a shaft member G17 

(see FIG. 2) of the measuring instrument G1 will be referred to as an axial 35 

direction Z. Also, the one side in the axial direction will be referred to as a Z1 
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side in the axial direction Z (also referred to as “first side Z1”). Furthermore, 

the opposite side in the axial direction will be referred to as a Z2 side in the 

axial direction Z (also referred to as “second side Z2”). As shown in FIG. 1, the 

sensor device D1 is attached for use to the measuring instrument G1 in such 

a manner as to be stacked thereon in the axial direction Z. In the present 5 

embodiment, the sensor device D1 stacked on the measuring instrument G1 

in the axial direction Z is attached on the second side Z2 of the measuring 

instrument G1. 

[0025] As shown in FIGS. 2 and 3, the measuring instrument G1 is an analog 

measuring instrument with the shaft member G17 as a rotational axis. In the 10 

present embodiment, a pressure gauge is used as the measuring instrument 

G1. 

[0026] As shown in FIGS. 2 to 4, the measuring instrument G1 includes a 

body G11, a case G12, an outer frame G13, a pointer G14, a transparent plate 

G15, a scale plate G16, the shaft member G17, and a magnet G18. The body 15 

G11 is accommodated in the case G12 together with the scale plate G16 and 

is disposed on the first side Z1 of the scale plate G16. The transparent plate 

G15 is encased in the outer frame G13 and disposed on the second side Z2 of 

the scale plate G16 at the same time that the outer frame G13 is incorporated 

into the case G12. The scale plate G16 has a scale G161 marked on the surface 20 

thereof on the second side Z2 in the axial direction Z. In the present 

embodiment, the scale G161 extends in the circumferential direction centered 

on the shaft member G17, in a radially outer area of the scale plate G16. 

[0027] The shaft member G17 passes through the scale plate G16 in the axial 

direction Z. Also, the shaft member G17 moves rotationally around an axis 25 

perpendicular to the plate face of the scale plate G16, and the pointer G14 

and the magnet G18 move rotationally around an axis parallel to the axial 

direction Z within the case G12. The plate face of the scale plate G16 is the 

surface of the scale plate G16 on which the scale G161 is marked. Accordingly, 

in the present embodiment, the axis perpendicular to the plate face of the 30 

scale plate G16 is parallel to the stacking direction of the sensor device D1 on 

the measuring instrument G1 with the sensor device D1 attached to the 

measuring instrument G1 in the present embodiment. The measuring 

instrument G1 is, for example, a Bourdon tube pressure gauge conforming to 

JIS 7505-1 “Aneroid pressure gauges – Part 1: Bourdon tube pressure gauges”. 35 

A bourdon tube GB of the measuring instrument G1 and a gear mechanism 
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GG coupled to the Bourdon tube GB are accommodated within the case G12. 

[0028] Here, the pointer G14 is disposed on the second side Z2 of the scale 

plate G16. The pointer G14 has an axial portion G141 and an indicating 

portion G142 (see FIG. 3). The pointer G14 is attached to the shaft member 

G17 via the axial portion G141. Also, the pointer G14 extends radially 5 

outward from the axial portion G141, and, as shown in FIG. 2, the indicating 

portion G142 points to the scale G161 as viewed in the axial direction Z. 

Accordingly, the pointer G14 can move rotationally together with the shaft 

member G17 around the axis and indicate the scale G161. 

[0029] The magnet G18 moves rotationally together with the shaft member 10 

G17 around the axis. In the present embodiment, the magnet G18 is 

magnetized in such a manner that one each of an N pole and an S pole is 

disposed in the circumferential direction of the shaft member G17 on the 

second side Z2 of the scale plate G16. The magnet G18 has a disk shape as 

viewed in the axial direction Z, and semicircular portions thereof are 15 

magnetized to respectively form the N pole and the S pole centered on the 

shaft member G17. The direction of a magnetic pole of an interface G181 

between the opposing N and S poles is parallel to a plane perpendicular to the 

axis of the shaft member G17 extending in the axial direction Z (i.e., plane 

orthogonal to axis of shaft member G17). This perpendicular plane includes a 20 

substantially perpendicular plane. The measurement value of the measuring 

instrument G1 can thereby be recognized from the position (position 

information) that the indicating portion G142 of the pointer G14 that moves 

rotationally on the scale plate G16 is pointing to on the scale G161, and the 

magnetic pole boundary direction of the magnet G18 can be detected with the 25 

sensor device D1. 

[0030] The attached sensor device D1 contactlessly acquires the 

measurement value measured by the measuring instrument G1. The 

measurement value measured by the measuring instrument G1 is a 

measurement result relating to equipment targeted for measurement by the 30 

measuring instrument G1. Contactlessly acquiring the measurement value of 

the measuring instrument G1 involves generating a magnetic pole boundary 

direction value (described later) by contactlessly detecting the magnetic pole 

boundary direction of the magnet G18, and generating a meter reading value 

by correcting the magnetic pole boundary direction value with a correction 35 

value (described later). Note that, in the present embodiment, “correcting 
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with a correction value” means “calibrating with a calibration value”. 

[0031] As shown in FIGS. 5 to 7, the sensor device D1 includes a case 1, a 

sensor circuit 2, and a wireless circuit 3. The case 1 includes the body case 1a, 

a battery case 1b, and a lid 1c. The case 1 is provided with an accommodating 

space 11, and has a bottom 12 on the first side Z1 of a body accommodating 5 

space 11a of the accommodating space 11 inside the body case 1a (see FIG. 6). 

The case 1 may have a substantially cylindrical or substantially polygonal 

columnar outer shape. The case 1 may also have an outer shape that combines 

substantially cylindrical and substantially polygonal columnar shapes. The 

accommodating space 11 accommodates the sensor circuit 2, the wireless 10 

circuit 3, a storage 4, and a battery section 5. 

[0032] The sensor circuit 2 has a sensor section 21 (e.g., magnetic sensor IC) 

and a sensor controller 22. The sensor section 21 is disposed facing the bottom 

12 of the case 1 and acquires position information indicating the position of 

the pointer G14. It is possible to use a magnetic sensor, for example, for the 15 

sensor section 21. Magnetic sensing may be performed utilizing any of effects 

such as the Hall effect, the MR effect, and the MI effect. Position information 

indicating the position of the pointer G14 can thereby be acquired based on 

the result of detecting the magnetic pole boundary direction parallel to the 

interface G181 between the N and S poles. 20 

[0033] As shown in FIG. 7, the sensor section 21 of the sensor circuit 2 is 

accommodated in the body accommodating space 11a inside the body case 1a. 

Also, as shown in FIG. 5, the substrate 6 is accommodated in the body 

accommodating space 11a. Also, as shown in FIG. 4, the battery section 5 is 

accommodated in a battery accommodating space 11b inside the battery case 25 

1b. The battery section 5 is constituted by electrically connecting a plurality 

of button cells 5A and supplies power to the sensor circuit 2 and the wireless 

circuit 3. 

[0034] The sensor circuit 2 generates a magnetic pole boundary direction 

value by detecting the magnetic pole boundary direction parallel to the 30 

interface G181 between the N and S poles of the magnet G18, and the sensor 

controller 22 generates a meter reading value by correcting the magnetic pole 

boundary direction value with a correction value. The magnetic pole boundary 

direction value is a value indicating the magnetic pole boundary direction 

(information indicating magnetic pole boundary direction), and corresponds 35 

to the difference between (angle formed by) a predetermined direction set in 
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advance and the result of detecting the magnetic pole boundary direction, for 

example. The sensor section 21 generates such a magnetic pole boundary 

direction value and transmits the generated value to the sensor controller 22. 

The correction value is stored in the storage 4 described later. The meter 

reading value is the meter reading result corrected with the correction value. 5 

Accordingly, the sensor controller 22 corrects the result of detecting the 

magnetic pole boundary direction transmitted from the sensor section 21, 

based on the correction value stored in the storage 4 (described later) and 

generates the meter reading value. 

[0035] The wireless circuit 3 is capable of two-way communication with a 10 

transceiver (not shown) located separately from the sensor device D1, and is 

capable of receiving a command from the transceiver to start correction with 

the correction value. The wireless circuit 3 is capable of performing 

transmission and reception based on an LPWA (Low-Power Wide-Area) 

system. Transmission and reception can thereby be performed with low power 15 

consumption. 

[0036] The storage 4 stores the correction value. As the storage 4, a non-

volatile memory is preferred, in order to continuously store the correction 

value. The correction value can thereby be read out for use from the storage 

4 next time correction is performed. 20 

[0037] The wireless circuit 3 may be disposed at (substantially) the same 

height in the axial direction Z as the sensor section 21, or, as shown in FIG. 

4, may be disposed between the sensor section 21 and the battery section 5 in 

the axial direction Z. In the example of FIG. 4, the wireless circuit 3 is 

disposed on the second side Z2 of the sensor section 21, and on the first side 25 

Z1 of the battery section 5 in the axial direction Z, and the sensor section 21, 

the wireless circuit 3, and the battery section 5 are stacked on each other in 

the axial direction Z inside the accommodating space 11. 

[0038] As shown in FIGS. 6 and 7, the substrate 6 has a first surface 61 on 

the first side Z1 in the axial direction Z and a second surface 62 on the second 30 

side Z2 in the axial direction Z. The sensor section 21 of the sensor circuit 2 

is mounted on the first surface 61, and the sensor controller 22 of the sensor 

circuit 2, the wireless circuit 3, and the storage 4 are mounted on the second 

surface 62. The wireless circuit 3 has an antenna 31 that transmits the meter 

reading value generated by the sensor circuit 2 to the transceiver (not shown). 35 

The antenna 31 may be patterned on the second surface 62 or may be formed 
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inside a wireless IC (example of wireless circuit 3) to be mounted. 

[0039] The substrate 6 may be a rigid substrate or a flexible substrate. Also, 

the substrate 6 may be a double-sided substrate (two-layer substrate) having 

two layers constituted by the first surface 61 and the second surface 62 (i.e., 

two layers constituted by a pattern on first surface 61 side and a pattern on 5 

second surface 62 side), or may be a multilayer substrate having three or more 

layers with a layer (inner layer) between the first surface 61 and the second 

surface 62, and may be fixedly supported by the case 1. 

[0040] The sensor device D1 can be formed to explosion-proof specifications. 

Explosion-proof specifications are specifications stipulated in order to prevent 10 

the sensor device D from becoming an ignition source of combustible material 

(e.g., gas, dust, etc.) present outside the sensor device D1. Such explosion-

proof specifications include extending the insulation distance by spacing 

adjacent members from each other in spaces or on component surfaces where 

potential differences occur, applying a resin material such as a potting agent 15 

to target members, and over-molding such that the inside of the case 1 is 

sealed by a resin material. 

[0041] Note that the measuring instrument G1 to which the sensor device 

D1 is attached is not limited to being a pressure gauge, and may also be a 

compound gauge, a vacuum gauge, a voltmeter, an ammeter, a wattmeter, 20 

watthour meter, and the like. A flowmeter and the like can also be utilized. 

[0042] Next, acquisition of a correction value will be described. The sensor 

device D1 acquires a correction value for generating a meter reading value by 

correcting the magnetic pole boundary direction value, and, as described 

above, generates the meter reading value by correcting the magnetic pole 25 

boundary direction value with the acquired correction value, and this 

correction value can be used to calibrate the sensor device D1. 

[0043] FIG. 8 shows processing in the case of acquiring position information 

(hereinafter, “pointer position information”) indicating the position of the 

pointer G14 through visual inspection of the pointer position of the measuring 30 

instrument G1. In this case, as shown in FIG. 8, first, the sensor device D1 

and the transceiver are started (step #1). The start instructions in step #1 are 

manually given by the user. Next, the pointer position information is input to 

the transceiver (step #2). The input in step #2 is also carried out manually by 

the user. 35 

[0044] In the transceiver, a pointer value is generated based on the pointer 
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position information (step #3), and a command to start correction (calibration) 

with the correction value is transmitted from the transceiver together with 

the pointer value. The wireless circuit 3 receives the command and the 

pointer value from the transceiver (step #3). The series of processing in step 

#3 is performed automatically. 5 

[0045] The wireless circuit 3 transmits the command to start correction 

(calibration) with the correction value and the pointer value from the 

transceiver to the sensor controller 22 (step #4). This transmission of the 

command and the pointer value is performed automatically. The sensor 

controller 22 commands the sensor section 21 to detect the magnetic pole 10 

boundary direction (step #5). This command is given automatically. 

[0046] The sensor section 21 generates a magnetic pole boundary value 

based on the detected magnetic pole boundary direction (step #6). This 

generation of the magnetic pole boundary direction value is performed 

automatically. The sensor controller 22 generates a correction value with the 15 

magnetic pole boundary direction value and the pointer value, and stores the 

correction value in the storage 4 (step #7). This correction value is calculated 

based on the extension direction of the pointer G14 and the angle formed by 

the magnetic pole boundary direction and a reference direction of the 

magnetic pole boundary direction. The generation and storage of the 20 

correction value are performed automatically. The sensor device D1 acquires 

the correction value in the above manner. 

[0047] In the above processing, the output of the sensor section 21 can be a 

voltage value with respect to a change in the magnetic field generated by the 

magnet G18 that moves rotationally together with the pointer G14. The 25 

sensor controller 22 may convert the analog voltage value output by the 

sensor section 21 into a digital voltage value. The pointer position information 

may be a measurement value that can be acquired through visual inspection 

of the position that the indicating portion G142 of the pointer G14 is pointing 

to on the scale G161, or may be the value of the angle formed by the pointer 30 

direction when the pointer G14 is at the reference position and the direction 

of the pointer G14 during calibration. The reference position may be when the 

pointer G14 is located at a position indicating the minimum measurement 

value of the measuring instrument G1, or when the pointer G14 is located at 

a position indicating the maximum measurement value of the measuring 35 

instrument G1. Any other position can also be set as the reference position. 



12 

 

Other Embodiments 

[0048] The sensor device D1 may be configured to transmit the meter reading 

value to the transceiver together with information indicating whether the 

meter reading value has been corrected with a correction value during normal 5 

operation of the equipment targeted for measurement. The time to transmit 

the information indicating whether the meter reading value has been 

corrected with a correction value during operation together with the meter 

reading value and the time to stop transmitting the information indicating 

whether the meter reading value has been corrected with a correction value 10 

together with the meter reading value can also be freely set. The transceiver 

can also be configured to transmit a command to start calibration, and to store 

a correction value in the storage 4, in response to the meter reading value 

having not been corrected with a correction value. Whether or not the meter 

reading value has been corrected with a correction value may be determined 15 

based on whether a correction value is stored in the storage 4. 

[0049] Also, the sensor device D1, rather than the transceiver, can be 

configured to determine whether the meter reading value has been corrected 

with a correction value. 

[0050] Instead of acquiring the position that the indicating portion G142 of 20 

the pointer G14 is pointing to on the scale G161 through visual inspection by 

the user, a corrected meter reading value stored in the transceiver can be used 

as the pointer position information. 

[0051] The sensor device D1 may include a power switch that switches power 

supply for driving the sensor circuit 2 and the wireless circuit 3 on and off. 25 

This power switch may be a switch (e.g. remote control switch, etc.) that can 

be operated without touching the sensor device D1. 

[0052] The storage 4 may be provided in the transceiver rather than in the 

sensor device D1. The storage 4 may also be provided in both the sensor device 

D1 and the transceiver. 30 

 

Technical Features and Effects 

[0053] The sensor device D1 constituted as described above and the 

correction method (calibration method) of the sensor device D1 exhibit the 

following technical features and effects. 35 
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(1) First Technical Feature and Effect 

[0054] The sensor section 21 of the sensor device D1 is able to generate a 

correction value by simply detecting the magnetic pole boundary direction at 

any one position (one state) of the pointer G14, and thus the pointer G14 need 

not be moved rotationally in order to detect the magnetic pole boundary 5 

direction at multiple positions (multiple states) of the pointer G14. 

Accordingly, correction (calibration) can be performed, regardless of whether 

or not the equipment targeted for measurement to which the measuring 

instrument G1 is attached is operating. 

[0055] Also, when the magnet G18 is incorporated into the measuring 10 

instrument G1 and fixed to the shaft member G17, for example, variability in 

the angle formed by the pointer direction of the pointer G14 fixed to the shaft 

member G17 and the magnetic pole boundary direction of the magnet G18 

could possibly arise. Variability in the angle formed by the pointer direction 

and the magnetic pole boundary direction leads to meter reading value error, 15 

and the sensor device D1 corrects this variability in each measuring 

instrument G1 through correction, thus enabling the effects of variability in 

the angle formed by the pointer direction and the magnetic pole boundary 

direction in the form of meter reading value error to be reduced. In terms of 

meter reading value error, the attachment tolerance of the sensor device D1 20 

to the measuring instrument G1 also exerts an effect, and correcting the 

magnetic pole boundary direction after the magnet G18 has been assembled 

to the measuring instrument G1 by being fixed to the shaft member G17 is 

extremely troublesome. In some cases, it may also be necessary to replace the 

magnet G18 along with the pointer G14 and the shaft member G17. Also, once 25 

the sensor device D1 has been attached to the measuring instrument G1, the 

magnet G18 is hidden by the sensor device D1, preventing visual confirmation 

of the magnetic pole boundary direction, and thus it is not possible to 

determine whether the magnetic pole boundary direction needs correcting. 

However, with the sensor device D1, it can be easily determined whether the 30 

attachment direction of the sensor device D1 needs correcting. Meter reading 

value error due to the effects of the mounting tolerance of the sensor section 

21 to the substrate 6 and individual differences between sensor sections 21 

constituted using a magnetic sensor IC is smaller than the meter reading 

value error when the maximum angle formed by the pointer direction and the 35 

magnetic pole boundary direction is 180 degrees. Accordingly, calibration to 
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correct variability of the pointer direction and the magnetic pole boundary 

direction is the most effective way to reduce error and increase the accuracy 

of the meter reading value. 

[0056] Also, in the case where the measuring instrument G1 is a pressure 

gauge and the sensor section 21 is a magnetic sensor IC, the meter reading 5 

value is convertible into the same measurement information as the 

measurement value with a sensor-specific value. Generation of the sensor-

specific value is possible by, for example, attaching the sensor device D1 to 

the pressure gauge, acquiring the magnetic pole boundary direction value 

with the magnetic pole boundary direction pointing to the position of the 10 

minimum value of the scale plate G16 and the magnetic pole boundary 

direction value with the magnetic pole boundary direction pointing to the 

position of the maximum value of the scale plate G16, and then generating 

the sensor-specific value based on the correlation between the magnetic pole 

boundary direction values and the magnetic pole boundary direction. The 15 

sensor-specific value can be shared between sensor device systems that use 

pressure gauges of the same model number and magnetic sensor ICs of the 

same model number. 

[0057] For example, in the case where the sensor device D1 is attached to a 

measuring instrument G1 having a scale G161 with a range of approximately 20 

270 degrees, the state shown in (A) of FIG. 9 is defined as the pointer value 

indicated by the pointer G14 being 0 and the magnetic pole boundary 

direction value being 0 (difference between (angle formed by) predetermined 

direction set in advance and result of detecting magnetic pole boundary 

direction = 0). In this case, as shown in (B) of FIG. 9, when the pointer G14 25 

moves rotationally, the interface G181 also moves rotationally. At this time, a 

pointer value IV is calculated by the following equation. 

[Equation 1] 

 

Here, MAX is the maximum pointer value that the pointer G14 can take, and 30 

MIN is the minimum pointer value (0 in present embodiment) can the pointer 

G14 can take. Also, θ is the angle value of the interface G181 (i.e., angle of 

rotation from direction in which magnetic pole boundary direction value = 0). 

[0058] Here, in the case where the sensor device D1 is attached to the 
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measuring instrument G1 having a scale G161 with a range of approximately 

270 degrees, the magnetic pole boundary direction value may deviate by α 

with respect to a predetermined direction set in advance (difference between 

(angle formed by) predetermined direction set in advance and result of 

detecting magnetic pole boundary direction ≠ 0), even when the pointer value 5 

indicated by the pointer G14 is 0, for example, as shown in (A) of FIG. 10. In 

this case, the inclination of the magnet G18 needs to be corrected by α. In 

other words, in this case, the correction value is α. As shown in (B) of FIG. 10, 

when the pointer G14 moves rotationally, the interface G181 also moves 

rotationally. The pointer value IV is calculated by the following equation. 10 

[Equation 2] 

 
Here, MAX is the maximum pointer value that the pointer G14 can take, and 

θ is the angle value of the interface G181 (i.e., angle of rotation from direction 

in which magnetic pole boundary direction value = 0). MIN is the minimum 15 

pointer value that the pointer G14 can take (0 in present embodiment). The 

correction value α can be calculated using the detection result of the sensor 

section 21 while the pressure to be measured is not being applied to the 

measuring instrument G1, for example. 

[0059] There are also cases where the sensor device D1 is attached to a 20 

measuring instrument G1 having a scale G161 with a range of approximately 

270 degrees in which the pointer value indicated by the pointer G14 is not 0 

(e.g., pressure to be measured is being applied to measuring instrument G1). 

Such a state is shown in (A) of FIG. 11. The sensor device system can also 

calculate the pointer value indicated by the pointer G14 in such a state. In 25 

this case, first the correction value α is calculated by the following equation. 

[Equation 3] 

 

Here, MAX is the maximum pointer value that the pointer G14 can take, MIN 

is the minimum pointer value that the pointer G14 can take (0 in present 30 

embodiment), and C is the current pointer value. Also, αc is the value of the 

angle of the interface G181 relative to the reference direction of the magnetic 

pole boundary direction at the pointer value C (i.e., angle formed by magnetic 

pole boundary direction and reference direction of magnetic pole boundary 
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direction). 

[0060] Next, the angle value θ is calculated based on the angle value αc. In 

this case, the pointer value IV is calculated by the following equations (see 

(B) in FIG. 11). 

[Equation 4] 5 

 

[Equation 5] 

 

In this way, the position (current pointer value IV) of the pointer G14 can be 

corrected based on the inclination of the magnet G18 (angle value of interface 10 

G181), while the pressure to be measured is being applied to the measuring 

instrument G1, for example. 

 

(2) Second Technical Feature and Effect 

[0061] The wireless circuit 3 is capable of two-way wireless communication 15 

with the transceiver and is able to receive a command from the transceiver to 

start correction with a correction value, and thus a wireless circuit other than 

the wireless circuit 3 that transmits the meter reading value to the 

transceiver, or a switch for giving a command to start correction contactlessly 

by a non-wireless method, such as using a Hall element, for example, are not 20 

needed in order to start execution of calibration contactlessly. 

 

(3) Third Technical Feature and Effect 

[0062] The wireless circuit 3 performs transmission and reception based on 

an LPWA (Low-Power Wide-Area) system, and thus the wireless circuit 3 can 25 

be driven with low power consumption. Accordingly, the life of the battery 

section 5 (battery life) can be extended. Also, for example, in the case where 

a plurality of button cells 5A are used as the battery section 5, not only can 

the battery replacement period be extended, but it is also possible to avoid a 

situation where the entire system including the factory or equipment 30 

operating outdoors is shut down due to incorrectly recognizing or not being 

able to recognize the meter reading result of the measuring instrument G1, 

due to the age of the battery section 5. 
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[0063] Also, utilization of LPWA enables the distance between the sensor 

device D1 and the transceiver to be extended compared to the case of utilizing 

WiFi (registered trademark) or Bluetooth (registered trademark), and it is 

thus possible to manage the meter reading values of devices operating in 

different buildings and to avoid their respective transmission statuses being 5 

affected by factors such as interference with WiFi or Bluetooth used in the 

same installation area. 

 

(4) Fourth Technical Feature and Effect 

[0064] The sensor device D1 includes the storage 4 that stores the correction 10 

value, and generation of the meter reading value by correcting the magnetic 

pole boundary direction value can be performed within the sensor device D1, 

thus enabling processing for collecting data to be simplified. This is because 

storage of correction values for every sensor device D1, and processing for 

mapping meter reading values transmitted from the sensor devices D1 to 15 

correction values acquired by the sensor devices D1 that transmitted the 

meter reading values in order to select from among the correction values 

stored for every sensor device D1 and processing for selecting from those 

correction values no longer needs to be performed by a gateway (example of 

transceiver). 20 

 

(5) Fifth Technical Feature and Effect 

[0065] The wireless circuit 3 is (approximately) the same height in the axial 

direction Z as the sensor section 21. The sensor section 21, the wireless circuit 

3, and the battery section 5 can thereby be stacked on each other, thus 25 

enabling the projected area on a plane substantially perpendicular to the 

axial direction Z of the sensor device D1 to be reduced. Stacking of the 

wireless circuit 3 is possible in the case of utilizing LPWA that uses a sub-

gigahertz band, for example, because wireless communication with the 

transceiver is less likely to be affected by the battery section 5 than in the 30 

case of utilizing a wireless system that uses a gigahertz band. 

 

(6) Sixth Technical Feature and Effect 

[0066] The wireless circuit 3 is located between the sensor section 21 and the 

battery section 5, thus enabling the projected area on a plane substantially 35 

perpendicular to the axial direction of the sensor device D1 to be reduced. 
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Stacking of the wireless circuit 3 is possible in the case of utilizing LPWA that 

uses a sub-gigahertz band, for example, because wireless communication with 

the transceiver is less likely to be affected by the battery section 5 than in the 

case of utilizing a wireless system that uses a gigahertz band. 

 5 

(7) Seventh Technical Feature and Effect 

[0067] An arctangent function (y=atan(x)) that takes one argument is 

conceivably used, when calculating the difference between the predetermined 

direction set in advance and the result of detecting the magnetic pole 

boundary direction as the magnetic pole boundary direction value. However, 10 

y in y=atan(x) can only take a value included in a range of −90 degrees to 90 

degrees, and thus the above-mentioned angle cannot be properly calculated 

with a Bourdon tube pressure gauge conforming to JIS 7505-1 “Aneroid 

pressure gauges – Part 1: Bourdon tube pressure gauges” having a scale with 

a range of approximately 270 degrees. 15 

[0068] In view of this, in the sensor device system, an arctangent function 

(y=atan2(y,x)) that takes two arguments and is capable of taking a value 

included in a range of −180 degrees to 180 degrees is used as the value of y. 

The abovementioned angle can thereby be properly calculated with a Bourdon 

tube pressure gauge having a scale G161 with a range of approximately 270 20 

degrees. 

[0069] It is possible to use a 2-axis magnetic sensor IC that outputs four 

signals (+sin, −sin, +cos, −cos) for the sensor section 21. When such a 

magnetic sensor IC is used as the sensor section 21, four voltage values 

indicated by Equations (6) to (9) are obtained from the sensor section 21. 25 

[0070] [Equation 6] 

 

[Equation 7] 

 

[Equation 8] 30 

 

[Equation 9] 
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Here, RA and RB are variables or constants, and A is the average amplitude 

value of the output of the magnetic sensor IC. RA and RB may be the same 

value or may be different values. 

[0071] The magnetic pole boundary direction value can be calculated by 5 

substituting the four voltage values shown in Equations (6) to (9) into 

Equation (10) to calculate θ. 

[Equation 10]  

 

Here, atan2 is an arctangent function that takes two arguments. 10 

[0072] Similarly, θorg can be calculated by substituting a sensor-specific 

value into Equation (10). Since the correction value can be generated by 

comparing θ with θorg, the sensor device D1 can include a single magnetic 

sensor IC. 

[0073] In this way, θ is calculated in a range of 360 degrees, by calculating 15 

the abovementioned angle using the arctangent function (y=atan2(y,x)) 

shown in Equation (10) that takes two arguments. In the case where the 

measuring instrument G1 is a Bourdon tube pressure gauge conforming to 

JIS 7505-1 “Aneroid pressure gauges – Part 1: Bourdon tube pressure gauges”, 

the range of the scale (distribution from minimum value to maximum value) 20 

is approximately 270 degrees, and thus the magnetic pole boundary direction 

can be detected by calculating θ. Accordingly, the difference between the 

calculated θ and θ (e.g., θ may be 0) related to the predetermined direction 

set in advance will be the correction value. 

[0074] The correction value of the measuring instrument G1 having a scale 25 

with a range of approximately 270 degrees can be properly calculated, by 

calculating the correction value using such an arctangent function that takes 

two arguments. 

 

(8) Eighth Technical Feature and Effect 30 

[0075] FIG. 12 shows processing in the case of using a correction value as 

pointer position information. In this case, first, the sensor device D1 and the 

transceiver are started (step #11). The processing in step #11 is carried out 

manually by the user. In this case, the equipment targeted for measurement 
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may or may not be operating. Next, a corrected correction value is acquired 

from the storage 4 and input to the transceiver as pointer position information 

(step #12). The input in step #12 is also carried out manually by the user. 

[0076] In the transceiver, a pointer value is generated based on the pointer 

position information (step #13), and a command to start correction 5 

(calibration) with the correction value is transmitted from the transceiver 

together with the pointer value. The wireless circuit 3 receives the command 

and the pointer value from the transceiver (step #13). The series of operations 

in step #13 is performed automatically. 

[0077] The wireless circuit 3 transmits the command to start correction 10 

(calibration) with the correction value and the pointer value received from the 

transceiver to the sensor controller 22 (step #14). This transmission of the 

command and the pointer value is performed automatically. The sensor 

controller 22 commands the sensor section 21 to detect the magnetic pole 

boundary direction (step #15). This command is given automatically. 15 

[0078] The sensor section 21 generates a magnetic pole boundary direction 

value based on the detected magnetic pole boundary direction (step #16). This 

generation of the magnetic pole boundary direction value is performed 

automatically. The sensor controller 22 generates a correction value using the 

magnetic pole boundary direction value and the pointer value and stores the 20 

correction value in the storage 4 (step #17). The generation and storage of the 

correction value are performed automatically. The above processing enables 

the correction value can be used as pointer position information. 

 

(9) Ninth Technical Feature and Effect 25 

[0079] The sensor device D1 is able to transmit the meter reading value to 

the transceiver together information indicating whether the meter reading 

value has been corrected with a correction value during normal operation of 

the equipment targeted for measurement, and thus the transceiver can 

perform a measuring instrument meter reading flow that involves 30 

determining whether the meter reading value has been corrected with a 

correction value and sending a command to start calibration for generating a 

correction value if the meter reading value has not been corrected. Also, the 

time to transmit the information indicating whether the meter reading value 

has been corrected with a correction value during operation together with the 35 

meter reading value and the time to stop transmitting the information 
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indicating whether the meter reading value has been corrected with a 

correction value together with the meter reading value can be freely set, and 

thus the interval in which the determination of whether the meter reading 

value has been corrected with a correction value is stopped can be 

incorporated into the measuring instrument meter reading flow (processing) 5 

performed during normal operation of the equipment targeted for 

measurement. 

[0080] The information indicating whether the meter reading value has been 

corrected with a correction value can be taken as information indicating 

whether a correction value is stored in the storage 4. 10 

[0081] A configuration can also be adopted to start correction if it is 

determined that the meter reading value has not been corrected with a 

correction value, in the case where the determination of whether the meter 

reading value has been corrected with a correction value is not performed in 

the transmitter, and the sensor device D1 does not receive a command to start 15 

correction from the transceiver. Such processing is shown in FIG. 13. 

[0082] First, the sensor device D1, the transceiver, and the equipment 

targeted for measurement are started (step #21). Next, a corrected correction 

value is acquired from the storage 4, and calibration is performed based on 

the acquired correction value (step #22). 20 

[0083] After calibration, the equipment targeted for measurement is 

switched to normal operation (step #23). The transceiver collects a meter 

reading value (step #24). This corresponds to normal meter reading. 

[0084] If the collected meter reading value has not been corrected with a 

correction value (step #25: No), a command to start calibration is transmitted 25 

to the sensor device D1 (step #26), and the flow returns to step #22 and 

calibration is performed based on the correction value (step #22). On the other 

hand, if the collected meter reading value has been corrected with a correction 

value (step #25: Yes), normal meter reading is continued (step #27). In the 

case of ending normal meter reading (step #28: Yes), the sensor device D1, the 30 

transceiver, and the equipment targeted for measurement are stopped (step 

#29). In the case of not ending normal meter reading (step #28: No), the flow 

returns to step #27 and the processing is continued. 

[0085] The processing of FIG. 13 can also be changed as shown in FIG. 14. 

For example, a configuration can be adopted in which, after step #27 in FIG. 35 

13, determination of whether the meter reading value has been corrected with 
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a correction value is stopped and normal meter reading is continued. 

[0086] Specifically, first, the sensor device D1, the transceiver, and the 

equipment targeted for measurement are started (step #31). Next, a corrected 

correction value is acquired from the storage 4, and calibration is performed, 

based on the acquired correction value (step #32). 5 

[0087] After calibration, the equipment targeted for measurement is 

switched to normal operation (step #33). The transceiver collects a meter 

reading value (step #34). This corresponds to normal meter reading. 

[0088] If the collected meter reading value has not been corrected with a 

correction value (step #35: No), a command to start calibration is transmitted 10 

to the sensor device D1 (step #36), and the flow returns to #22 and calibration 

is performed based on the correction value (step #32). On the other hand, if 

the collected meter reading value has been corrected with a correction value 

(step #35: Yes), normal meter reading is continued (step #37). 

[0089] Determination of whether the meter reading value has been corrected 15 

with a correction value is subsequently stopped (step #38). Thereafter, normal 

meter reading is continued (step #39). In the case of ending normal meter 

reading (step #40: Yes), the sensor device D1, the transceiver, and the 

equipment targeted for measurement are stopped (step #41). In the case of 

not ending normal meter reading (step #40: No), the flow returns to step #39 20 

and the processing is continued. 

 

(10) Tenth Technical Feature and Effect 

[0090] For example, in the case where the measuring instrument G1 is a 

pressure gauge, the sensor section 21 is a magnetic sensor IC, and the 25 

equipment targeted for measurement operates while maintaining the 

pressure to be measured at a constant value, a corrected meter reading value 

stored in the transceiver can be used as the pointer position information, 

rather than acquiring a meter reading value through visual inspection of the 

position that the indicating portion G142 of the pointer G14 is pointing to on 30 

the scale G161. Calibration after the sensor device D1 is replaced during 

maintenance can thereby be skipped. 

 

(11) Eleventh Technical Feature and Effect 

[0091] The sensor device D1 can also be configured to contactlessly open and 35 

close the power switch for driving the sensor circuit 2 and the wireless circuit 
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3. In this case, a mechanism switch that could possibly generate sparks when 

the contacts of the power switch are opened or closed is not used to start 

correction, thus enabling the sensor device D1 to be used in an explosion-proof 

area. 

 5 

(12) Twelfth Technical Feature and Effect 

[0092] The storage 4 may be provided in the transceiver, instead of the sensor 

device D1. In this case, the substrate 6 need not be provided with a mounting 

space for mounting the storage 4 or a pattern wiring space for connecting to 

the storage 4, thus enabling the sensor device D1 to be made more compact. 10 

Also, if the storage 4 is provided in both the sensor device D1 and the 

transceiver, the correction value is also stored in the transceiver at the same 

time as being stored in the sensor device D1, and thus post-maintenance 

calibration of the sensor device D1 can be omitted. 

 15 

Industrial Applicability 

[0093] The present disclosure can be utilized in sensor device systems 

provided with a sensor device that contactlessly acquires measurement 

values measured by a measuring instrument attached to a device installed 

for operation in factories, plants, and the like. 20 

 

Description of Reference Signs 

[0094] 1 Case 

 2 Sensor circuit 

 3 Wireless circuit 25 

 4 Storage 

 5 Battery section 

 21 Sensor section 

 31 Antenna 

 D1 Sensor device 30 

 G1 Measuring instrument 

 G14 Pointer 

 G16 Scale plate 

 G17 Shaft member 

 G18 Magnet 35 

 G141 Axis 
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 G142 Indicating portion 

 G161 Scale 

 G181 Interface 

 Z Axial direction 

5 
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CLAIMS 

 

1. A sensor device system comprising: 

 a sensor device attachable for use to a measuring instrument and 

configured to contactlessly acquire a measurement value measured by the 5 

measuring instrument, 

 the measuring instrument including 

  a scale plate marked with a scale; 

  a shaft member that moves rotationally around an axis 

perpendicular to a plate face of the scale plate; 10 

  a pointer that moves rotationally around the axis together 

with the shaft member and indicates the scale; and 

  a magnet that moves rotationally around the axis together 

with the shaft member, 

 the pointer including 15 

  an axial portion attached to the shaft member; and 

  an indicating portion extending radially outward from the 

axial portion and pointing to the scale as viewed in an axial direction, 

 the magnet having one each of an N pole and an S pole disposed in a 

circumferential direction of the shaft member, 20 

 the sensor device including 

  a sensor circuit; and 

  a case accommodating the sensor circuit, 

 the sensor circuit generating a magnetic pole boundary direction 

value by detecting a magnetic pole boundary direction parallel to an interface 25 

between the N pole and the S pole, and generating a meter reading value by 

correcting the magnetic pole boundary direction value with a correction value, 

and 

 the correction value being calculated based on an extension direction 

of the pointer and an angle formed by the magnetic pole boundary direction 30 

and a reference direction of the magnetic pole boundary direction. 

 

2. The sensor device system according to claim 1, 

 wherein the sensor device further includes a wireless circuit having 

an antenna that transmits the meter reading value to a transceiver located 35 

separately from the sensor device, and 



26 

 the wireless circuit is capable of two-way wireless communication 

with the transceiver, and is configured to receive a command from the 

transceiver to start correction with the correction value. 

 

3. The sensor device system according to claim 2, 5 

 wherein the wireless circuit performs transmission and reception 

based on an LPWA system. 

 

4. The sensor device system according to any one of claims 1 to 3, further 

comprising a storage that stores the correction value. 10 

 

5. The sensor device system according to claims 2 or 3, 

 wherein the sensor device further includes a battery section, 

 the sensor circuit includes a sensor section that acquires position 

information indicating a position of the pointer, and 15 

 the wireless circuit is equal in height to the sensor section in the axial 

direction. 

 

6. The sensor device system according to claims 2 or 3, 

 wherein the sensor device further includes a battery section, 20 

 the sensor circuit includes a sensor section that acquires position 

information indicating a position of the pointer, and 

 the wireless circuit is located between the sensor section and the 

battery section. 

 25 

7. The sensor device system according to any one of claims 1 to 3, 

 wherein the scale is marked on the scale plate over a range exceeding 

180 degrees centered on the shaft member, and 

 the correction value is calculated using an arctangent function that 

takes two arguments. 30 


