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[DESCRIPTION] 

 

[Title of Invention] EXTERNAL FIELD RESPONSE DISTRIBUTION 

VISUALIZATION DEVICE AND EXTERNAL FIELD RESPONSE 

DISTRIBUTION VISUALIZATION METHOD   

 

[Technical Field] 

[0001] 

 The present disclosure relates to an external field response 

distribution visualization device and the like that generates an image 

showing an external field response distribution.   

 

[Background Art] 

[0002] 

 Patent Literature (PTL) 1 discloses a device that obtains a field 

by measurement.  The device obtains a magnetic force image of a 

distribution of magnetic force in a first measurement plane above a 

sample, obtains an auxiliary magnetic force image by performing 

measurement in a second measurement plane, which is a minute 

distance d away from the first measurement plane, and then obtains a 

magnetic force gradient image by dividing the difference between them 

by the minute distance d.  The magnetic force image and the auxiliary 

magnetic force image are Fourier transformed and substituted into a 

three-dimensional field obtaining equation derived from a general 

solution of the Laplace equation to obtain the three-dimensional field 

indicating the magnetic force.   

[0003] 

 The device disclosed in PTL 1 can obtain the state of the 

magnetic domains at the surface of the sample with high accuracy by 

obtaining the three-dimensional field.   

 

[Citation List] 

[Patent Literature] 

[0004]  

[PTL 1] WO 2008/123432   

[Summary of Invention] 

[Technical Problem] 

[0005] 

 However, the device disclosed in PTL 1 is only capable of 

obtaining the magnetic domains at the surface of a sample.  It is 

difficult to obtain the state of the magnetic domains at depths deeper 

than the surface of the sample.  Stated differently, it is difficult to 

obtain the magnetic susceptibility distribution (i.e., the external field 

response distribution) of the interior of the sample.   

[0006] 

 In view of this, embodiments of the present disclosure provide 

an external field response distribution visualization device and the like 

that can generate an image showing the external field response 
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distribution of an area including the interior of an object with high 

accuracy.   

 

[Solution to Problem] 

[0007] 

 According to a first aspect of the present disclosure, there is 

provided an external field response distribution visualization device 

that generates an image showing an external field response 

distribution, which is a distribution of responses to an external field, 

including: an induction circuit that induces a first field component from 

each of induction positions defined outside of an object as positions 

relative to the object; a sensor that senses, at each of sensing 

positions defined outside of the object as positions relative to the 

object, a strength of a field including a second field component induced 

from the object by the first field component, to sense the strength of 

the field at the sensing positions for each of the induction positions; 

and an information processing circuit that obtains a sensing result of 

the strength of the field and generates the image showing the external 

field response distribution of an area including an interior of the object 

based on the sensing result.  The information processing circuit: 

calculates an induction position dependent field function that takes a 

virtual induction position and a virtual sensing position as inputs and 

outputs a strength of the field at the virtual sensing position, using the 

sensing result as a boundary condition; calculates an imaging function 

that takes an imaging target position as an input and outputs an image 

intensity at the imaging target position, and is defined based on a 

strength output from the induction position dependent field function in 

response to inputting the imaging target position, as the virtual 

induction position and the virtual sensing position, into the induction 

position dependent field function; and generates the image based on 

the imaging function. 

[0007a] 

 According to a second aspect of the present disclosure, there is 

provided an external field response distribution visualization method of 

generating an image showing an external field response distribution, 

which is a distribution of responses to an external field, the external 

field response distribution visualization method including: inducing, by 

an induction circuit, a first field component from each of induction 

positions defined outside of an object as positions relative to the 

object; sensing, by a sensor, at each of sensing positions defined 

outside of the object as positions relative to the object, a strength of a 

field including a second field component induced from the object by the 

first field component, to sense the strength of the field at the sensing 

positions for each of the induction positions; and obtaining a sensing 

result of the strength of the field and generating the image showing the 

external field response distribution of an area including an interior of 

the object based on the sensing result, wherein the obtaining and 

generating includes: calculating an induction position dependent field 
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function that takes a virtual induction position and a virtual sensing 

position as inputs and outputs a strength of the field at the virtual 

sensing position, using the sensing result as a boundary condition; 

calculating an imaging function that takes an imaging target position 

as an input and outputs an image intensity at the imaging target 

position, and is defined based on a strength output from the induction 

position dependent field function in response to inputting the imaging 

target position, as the virtual induction position and the virtual sensing 

position, into the induction position dependent field function; and 

generating the image based on the imaging function.   

[0008] 

 These general or specific aspects may be implemented as a 

system, a device or apparatus, a method, an integrated circuit, a 

computer program, or a non-transitory computer-readable recording 

medium such a CD-ROM, or any combination thereof.   

 

[Advantageous Effects of Invention] 

[0009] 

 According to embdoiments of the present disclosure, it is 

possible to generate an image showing the external field response 

distribution in an area including the interior of an object with high 

accuracy.   

 

[Brief Description of Drawings] 

[0010] 

[FIG. 1] 

 FIG. 1 is a configuration diagram of a first example of a magnetic 

susceptibility distribution visualization device according to an 

embodiment of the present disclosure.   

[FIG. 2] 

 FIG. 2 is a schematic diagram illustrating the reconstruction of a 

magnetic field according to a reference example.   

[FIG. 3] 

 FIG. 3 is a schematic diagram illustrating the induction position 

and the sensing position according to an embodiment of the present 

disclosure.   

[FIG. 4] 

 FIG. 4 is a schematic diagram illustrating another example of the 

induction position and the sensing position according to an 

embodiment of the present disclosure.   

[FIG. 5] 

 FIG. 5 is a schematic diagram illustrating yet another example of 

the induction position and the sensing position according to an 

embodiment of the present disclosure. 
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[FIG. 6] 

 FIG. 6 is a configuration diagram of a second example of a 

magnetic susceptibility distribution visualization device according to 

an embodiment of the present disclosure.   

[FIG. 7] 5 

 FIG. 7 is a schematic diagram illustrating a first example of a 

body scanner according to an embodiment of the present disclosure.   

[FIG. 8] 

 FIG. 8 is a schematic diagram illustrating an induction circuit 

according to an embodiment of the present disclosure.   10 

[FIG. 9] 

 FIG. 9 is a schematic diagram illustrating a magnetic sensor 

according to an embodiment of the present disclosure.   

[FIG. 10] 

 FIG. 10 is a schematic diagram illustrating the specific 15 

structure of a magnetic sensor according to an embodiment of the 

present disclosure.   

[FIG. 11] 

 FIG. 11 is a schematic diagram illustrating a second example 

of a body scanner according to an embodiment of the present 20 

disclosure.   

[FIG. 12] 

 FIG. 12 is a schematic diagram illustrating a third example of 

a body scanner according to an embodiment of the present 

disclosure.   25 

[FIG. 13] 

 FIG. 13 is a schematic diagram illustrating a combined circuit 

of a magnetic sensor and an induction circuit according to an 

embodiment of the present disclosure.   

[FIG. 14] 30 

 FIG. 14 is a schematic diagram illustrating a fourth example of 

a body scanner according to an embodiment of the present 

disclosure.   

[FIG. 15] 

 FIG. 15 is a schematic diagram illustrating a fifth example of a 35 
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body scanner according to an embodiment of the present disclosure.   

[FIG. 16] 

 FIG. 16 is a schematic diagram illustrating a sixth example of 

a body scanner according to an embodiment of the present 

disclosure.   5 

[FIG. 17] 

 FIG. 17 is a schematic diagram illustrating an example of 

information displayed on an external terminal according to an 

embodiment of the present disclosure.   

[FIG. 18] 10 

 FIG. 18 is a schematic diagram illustrating an example of a 

security inspection system according to an embodiment of the 

present disclosure.   

[FIG. 19] 

 FIG. 19 is a flowchart showing an operation of a magnetic 15 

susceptibility distribution visualization device according to an 

embodiment of the present disclosure.   

[Description of Embodiments] 

[0011] 

 For example, an external field response distribution 20 

visualization device according to one aspect of the present disclosure 

generates an image showing an external field response distribution, 

which is a distribution of responses to an external field, and includes: 

an induction circuit that induces a first field component from each of 

induction positions defined outside of an object as positions relative 25 

to the object; a sensor that senses, at each of sensing positions 

defined outside of the object as positions relative to the object, a 

strength of a field including a second field component induced from 

the object by the first field component, to sense the strength of the 

field at the sensing positions for each of the induction positions; and 30 

an information processing circuit that obtains a sensing result of the 

strength of the field and generates the image showing the external 

field response distribution of an area including an interior of the 

object based on the sensing result.  The information processing 

circuit: calculates an induction position dependent field function that 35 
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takes a virtual induction position and a virtual sensing position as 

inputs and outputs a strength of the field at the virtual sensing 

position, using the sensing result as a boundary condition; calculates 

an imaging function that takes an imaging target position as an input 

and outputs an image intensity at the imaging target position, and is 5 

defined based on a strength output from the induction position 

dependent field function in response to inputting the imaging target 

position, as the virtual induction position and the virtual sensing 

position, into the induction position dependent field function; and 

generates the image based on the imaging function.   10 

[0012] 

 This enables the external field response distribution 

visualization device to generate an image showing the external field 

response distribution of an area including the interior of the object 

with high accuracy based on the sensing result of the strength of the 15 

field based on various combinations of the induction positions and 

the sensing positions.   

[0013] 

 For example, the information processing circuit calculates, as 

the induction position dependent field function, a solution of a 20 

Laplace equation which the induction position dependent field 

function satisfies, using the sensing result as the boundary 

condition.   

[0014] 

 This enables the external field response distribution 25 

visualization device to properly derive the induction position 

dependent field function based on the sensing result and the Laplace 

equation related to the multipath problem in a static or quasi-static 

field.   

[0015] 30 

 For example, the information processing circuit calculates, as 

the imaging function, a limit value of the induction position 

dependent field function, by performing a limit operation on the 

induction position dependent field function that directs the virtual 

induction position and the virtual sensing position input into the 35 
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induction position dependent field function toward the imaging target 

position.   

[0016] 

 This enables the external field response distribution 

visualization device to properly derive the imaging function based on 5 

the induction position dependent field function.   

[0017] 

 For example, the induction positions are defined in a first 

plane, and the sensing positions are defined in a second plane that is 

the same as or different than the first plane.   10 

[0018] 

 This enables the external field response distribution 

visualization device to inhibit an increase in the size of the space 

required to place the induction circuit and sensor.  The external field 

response distribution visualization device can also inhibit 15 

complication of the calculation process.   

[0019] 

 For example, the sensing positions are located on a first side of 

the object and the induction positions are on a second opposite side 

of the object.   20 

[0020] 

 This enables the external field response distribution 

visualization device to sense the strength of the field at each of the 

sensing positions, which are on the opposite side of the object 

relative to the induction positions.  Accordingly, the external field 25 

response distribution visualization device can inhibit the influence of 

the first field component induced by the induction circuit when 

sensing the strength of the field at each of the sensing positions.   

[0021] 

 For example, the sensing positions and the induction positions 30 

are located on the same side of the object.   

[0022] 

 This enables the external field response distribution 

visualization device to sense the strength of the field at each of the 

sensing positions, which are on the same side of the object as the 35 
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induction positions.  This enables the external field response 

distribution visualization device to inhibit an increase in the size of 

the space required to place the induction circuit and sensor.   

[0023] 

 For example, the induction circuit induces the first field 5 

component from each of the induction positions by moving to each of 

the induction positions, and the sensor senses the strength of the 

field at each of the sensing positions by moving to each of the 

sensing positions.   

[0024] 10 

 This enables the external field response distribution 

visualization device to implement one induction circuit for a plurality 

of induction positions and one sensor for a plurality of sensing 

positions.  Accordingly, the external field response distribution 

visualization device can inhibit an increase in resource cost.   15 

[0025] 

 For example, the induction circuit comprises a plurality of 

induction circuits disposed at the induction positions, and the sensor 

comprises a plurality of sensors disposed at the sensing positions.   

[0026] 20 

 This enables the external field response distribution 

visualization device to induce a field component from each of the 

induction positions without moving the induction circuit or sensor, 

and to sense the strength of the field at each of the sensing positions.  

Accordingly, the external field response distribution visualization 25 

device can rapidly obtain the sensing result corresponding to a 

plurality of induction positions and a plurality of sensing positions.   

[0027] 

 For example, the plurality of induction circuits are disposed in 

a first plane, and the plurality of sensors are disposed in a second 30 

plane that is the same as or different than the first plane.   

[0028] 

 This enables the external field response distribution 

visualization device to rapidly obtain the sensing result 

corresponding to the induction positions in the first plane and the 35 
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sensing positions in the second plane.   

[0029] 

 For example, the plurality of induction circuits are disposed on 

a first straight line, and the plurality of sensors are disposed on a 

second straight line that is the same as or different than the first 5 

straight line.   

[0030] 

 This enables the external field response distribution 

visualization device to reduce the space where the induction circuits 

are disposed and the space where the sensors are disposed.   10 

[0031] 

 For example, the object moves, the induction circuit induces 

the first field component from each of the induction positions defined 

relative to the object that moves, by inducing the first field 

component from a predetermined position at different times, and the 15 

sensor senses the strength of the field at each of the sensing 

positions defined relative to the object that moves, by sensing the 

strength of the field at a predetermined position at different times.   

[0032] 

 This enables the external field response distribution 20 

visualization device to induce a field component from each of the 

induction positions without providing many induction circuits or 

many sensors and without moving the induction circuit or sensor, and 

to sense the strength of the field at each of the sensing positions.   

[0033] 25 

 For example, the induction circuit is included in a first wall, 

and the sensor is included in a second wall that is the same as or 

different than the first wall.   

[0034] 

 This enables the external field response distribution 30 

visualization device to generate an image showing the external field 

response distribution without being noticed by people.   

[0035] 

 For example, the induction circuit and the sensor are included 

in a floor.   35 
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[0036] 

 This enables the external field response distribution 

visualization device to generate an image showing the external field 

response distribution without being noticed by people.   

[0037] 5 

 For example, the induction circuit is included in a first pole, 

and the sensor is included in a second pole that is the same as or 

different than the first pole.   

[0038] 

 This enables the external field response distribution 10 

visualization device to generate an image showing the external field 

response distribution without being noticed by people.   

[0039] 

 For example, in a three-dimensional space of x-coordinates, 

y-coordinates, and z-coordinates, the virtual induction position is 15 

expressed as (y1, z1), the virtual sensing position is expressed as (x, 

y2, z2), a z-coordinate of a position of the induction circuit is defined 

as 0, and a z-coordinate of a position of the sensor is defined as z0,   

 the induction position dependent field function is defined as:   

[0040] 20 

[Math. 1] 

, 

 a Fourier transform image of the sensing result is expressed 

as:    

[Math. 2] 25 

 

where kx, ky1, and ky2 are respective wavenumbers of x, y1, and y2, 

and   

 the imaging function is defined as:   

[Math. 3] 30 
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. 

[0041] 

 This enables the external field response distribution 

visualization device to generate an image showing the external field 

response distribution with high accuracy using the induction position 5 

dependent field function expressed in the equation above and the 

imaging function expressed in the equation above.   

[0042] 

 For example, in a three-dimensional space of x-coordinates, 

y-coordinates, and z-coordinates, the virtual induction position is 10 

expressed as (y1, z1), the virtual sensing position is expressed as (x, 

y2, z2), a z-coordinate of a position of the induction circuit is defined 

as 0, and a z-coordinate of a position of the sensor is defined as z0,   

 the induction position dependent field function is defined as:   

[Math. 4] 15 

, 

 a Fourier transform image of the sensing result is expressed 

as:    

[Math. 5] 

 20 

where kx, ky1, and ky2 are respective wavenumbers of x, y1, and y2, 

and   

 the imaging function is defined as:   

[Math. 6] 
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. 

[0043] 

 This enables the external field response distribution 

visualization device to generate an image showing the external field 

response distribution with high accuracy using the induction position 5 

dependent field function expressed in the equation above and the 

imaging function expressed in the equation above.   

[0044] 

 For example, in a three-dimensional space of x-coordinates, 

y-coordinates, and z-coordinates, the virtual induction position is 10 

expressed as (x1, y, z1), the virtual sensing position is expressed as 

(x2, y, z2), a z-coordinate of a position of the induction circuit is 

defined as 0, and a z-coordinate of a position of the sensor is defined 

as z0,   

 the induction position dependent field function is defined as:   15 

[Math. 7] 

, 

 a Fourier transform image of the sensing result is expressed 

as:    

[Math. 8] 20 

 

where kx1, kx2, and ky are respective wavenumbers of x1, x2, and y, 

and   

 the imaging function is defined as:   

[Math. 9] 25 
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. 

[0045] 

 This enables the external field response distribution 

visualization device to generate an image showing the external field 5 

response distribution with high accuracy using the induction position 

dependent field function expressed in the equation above and the 

imaging function expressed in the equation above.   

[0046] 

 For example, in a three-dimensional space of x-coordinates, 10 

y-coordinates, and z-coordinates, the virtual induction position is 

expressed as (x1, y, z1), the virtual sensing position is expressed as 

(x2, y, z2), a z-coordinate of a position of the induction circuit is 

defined as 0, and a z-coordinate of a position of the sensor is defined 

as z0,   15 

 the induction position dependent field function is defined as:   

[Math. 10] 

, 

 a Fourier transform image of the sensing result is expressed 20 

as:    

[Math. 11] 

 

where kx1, kx2, and ky are respective wavenumbers of x1, x2, and y, 

and   25 

 the imaging function is defined as:   

[Math. 12] 
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. 

[0047] 

 This enables the external field response distribution 

visualization device to generate an image showing the external field 5 

response distribution with high accuracy using the induction position 

dependent field function expressed in the equation above and the 

imaging function expressed in the equation above.   

[0048] 

 For example, the information processing circuit determines 10 

whether the object includes a detection target object based on the 

image, and when the object is determined to include the detection 

target object, outputs information indicating a location of the 

detection target object or the object to an external terminal.   

[0049] 15 

 This enables the external field response distribution 

visualization device to notify the location of a specific detection 

target object or the location of an object including a specific 

detection target object.   

[0050] 20 

 For example, an external field response distribution 

visualization method of generating an image showing an external 

field response distribution, which is a distribution of responses to an 

external field, includes: inducing, by an induction circuit, a first field 

component from each of induction positions defined outside of an 25 

object as positions relative to the object; sensing, by a sensor, at 

each of sensing positions defined outside of the object as positions 

relative to the object, a strength of a field including a second field 

component induced from the object by the first field component, to 

sense the strength of the field at the sensing positions for each of the 30 

induction positions; and obtaining a sensing result of the strength of 

the field and generating the image showing the external field 
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response distribution of an area including an interior of the object 

based on the sensing result.  The obtaining and generating includes: 

calculating an induction position dependent field function that takes 

a virtual induction position and a virtual sensing position as inputs 

and outputs a strength of the field at the virtual sensing position, 5 

using the sensing result as a boundary condition; calculating an 

imaging function that takes an imaging target position as an input 

and outputs an image intensity at the imaging target position, and is 

defined based on a strength output from the induction position 

dependent field function in response to inputting the imaging target 10 

position, as the virtual induction position and the virtual sensing 

position, into the induction position dependent field function; and 

generating the image based on the imaging function.   

[0051] 

 This makes it possible to generate an image showing the 15 

external field response distribution of an area including the interior 

of the object with high accuracy based on the sensing result of the 

strength of the field based on various combinations of the induction 

positions and the sensing positions.   

[0052] 20 

 Hereinafter, embodiments will be described with reference to 

the drawings.  Each of the following embodiments describes a 

general or specific example.  The numerical values, shapes, 

materials, elements, the arrangement and connection of the 

elements, steps, the order of the steps etc., presented in the 25 

following embodiments are mere examples, and do not limit the 

scope of the claims.   

[0053] 

 Hereinafter, mainly a magnetic susceptibility distribution 

visualization device that uses the magnetic field will be described as 30 

one example of an external field response distribution visualization 

device.  The magnetic field components described below are the 

components that make up the magnetic field.  The magnetic field 

components may be each of several magnetic fields superimposed on 

the overall magnetic field.   35 
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[0054] 

[Embodiments] 

 FIG. 1 is a configuration diagram of a first example of a 

magnetic susceptibility distribution visualization device according to 

the present embodiment.  Magnetic susceptibility distribution 5 

visualization device 100 illustrated in FIG. 1 includes induction circuit 

110, induction circuit actuator 120, magnetic sensor 130, magnetic 

sensor actuator 140, information processing circuit 150, display 160, 

and sample table 170.  Magnetic susceptibility distribution 

visualization device 100 generates an image showing the magnetic 10 

susceptibility distribution of an area including the interior of the 

sample placed on sample table 170.  This image can show magnetic 

material, more specifically ferromagnetic material, contained in the 

sample.   

[0055] 15 

 Induction circuit 110 is an electrical circuit that induces a 

magnetic field component.  Induction circuit 110 may be a coil or a 

conductive line.  Here, the magnetic field component induced by 

induction circuit 110 is referred to as a first magnetic field 

component.  In the example illustrated in FIG. 1, induction circuit 20 

110 moves.  Induction circuit 110 therefore induces the first 

magnetic field component from each of induction positions.  The 

first magnetic field component induces a magnetic field component 

from the sample.  Here, the magnetic field component induced from 

the sample is referred to as a second magnetic field component.   25 

[0056] 

 Induction circuit actuator 120 is an actuator that moves 

induction circuit 110.  Induction circuit actuator 120 moves 

induction circuit 110 to each of the induction positions.  With this, 

induction circuit 110 induces the first magnetic field component from 30 

each of the induction positions.   

[0057] 

 Magnetic sensor 130 is a sensor that senses magnetism.  

Magnetic sensor 130 may be a tunneling magneto resistive (TMR) 

element, a giant magneto resistive (GMR) element, a 35 
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superconducting quantum interference device (SQUID) element, or a 

magneto-impedance (MI) element.   

[0058] 

 In the example illustrated in FIG. 1, magnetic sensor 130 

moves.  Magnetic sensor 130 senses, at each of sensing positions, 5 

the magnetism in the magnetic field including the second magnetic 

field component induced by the sample.  With this, magnetic sensor 

130 senses magnetism at sensing positions for each of the induction 

positions.   

[0059] 10 

 Magnetic sensor actuator 140 is an actuator that moves 

magnetic sensor 130.  Magnetic sensor actuator 140 moves 

magnetic sensor 130 to each of the sensing positions.  With this, 

magnetic sensor 130 senses magnetism at each of the sensing 

positions.   15 

[0060] 

 Information processing circuit 150 is an electrical circuit that 

performs information processing.  Information processing circuit 

150 may be a computer or a processor of a computer, for example.  

Information processing circuit 150 obtains the magnetism sensing 20 

result and, based on the sensing result, generates an image showing 

the magnetic susceptibility distribution of an area including the 

interior of the sample.   

[0061] 

 More specifically, information processing circuit 150 calculates 25 

an induction position dependent magnetic field function using the 

sensing result as a boundary condition.  The induction position 

dependent magnetic field function is a function that takes the 

induction position of the first magnetic field component and the 

magnetism sensing position as inputs, and outputs the magnetic 30 

strength at the sensing position.   

[0062] 

 Information processing circuit 150 then calculates an imaging 

function.  The imaging function is a function that takes an imaging 

target position as an input, and outputs an image intensity at the 35 
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imaging target position, and is defined based on the strength output 

from the induction position dependent magnetic field function in 

response to inputting the imaging target position, as the induction 

position and the sensing position, into the induction position 

dependent magnetic field function.  Information processing circuit 5 

150 then generates, based on the imaging function, an image 

showing the magnetic susceptibility distribution of an area including 

the interior of the sample.   

[0063] 

 Information processing circuit 150 may output the generated 10 

image to, for example, display 160.  For example, information 

processing circuit 150 may display the image on display 160 by 

outputting the image to display 160.  Alternatively, information 

processing circuit 150 may print the image via a printer (not 

illustrated in the drawings) by outputting the image to the printer.  15 

Alternatively, information processing circuit 150 may transmit the 

image as electronic data to another device (not illustrated in the 

drawings) via wired or wireless communication.   

[0064] 

 Display 160 is a display device such as a liquid crystal display.  20 

Note that display 160 is an optional component, not a required 

component.  Display 160 may be an external device not included in 

magnetic susceptibility distribution visualization device 100.   

[0065] 

 Sample table 170 is a table on which a sample is placed.  Note 25 

that sample table 170 is an optional component, not a required 

component.  Magnetic susceptibility distribution visualization device 

100 may generate an image for a sample that is not placed on sample 

table 170 or the like.  Sample table 170 may be an external 

component not included in magnetic susceptibility distribution 30 

visualization device 100.  The sample may be an electrical circuit or 

any other object.   

[0066] 

 Magnetic susceptibility distribution visualization device 100 

senses the magnetism affected by the sample while changing the 35 
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relative positional relationship between the sample, the induction 

position, and the sensing position.  This enables magnetic 

susceptibility distribution visualization device 100 to obtain sufficient 

information on the magnetic susceptibility distribution of an area 

including the interior of the sample.  Magnetic susceptibility 5 

distribution visualization device 100 can then calculate the induction 

position dependent magnetic field function based on the obtained 

sufficient information, and can generate an image showing the 

magnetic susceptibility distribution with high accuracy based on the 

calculated induction position dependent magnetic field function.   10 

[0067] 

 For example, magnetic susceptibility distribution visualization 

device 100 can generate a highly accurate image by combining 

multiple measurements corresponding to multiple combinations of 

induction positions and sensing positions.   15 

[0068] 

 FIG. 2 is a schematic diagram illustrating the reconstruction of 

the magnetic field according to a reference example.  A static 

magnetic field in a space where there is no magnetic source satisfies 

(1-1) shown below from Maxwell's equations.   20 

[0069] 

[Math. 13] 

 

[0070] 

 Hz in (1-1) above is the magnetic field in the z-direction in the 25 

xyz Cartesian coordinate system, and corresponds to the 

z-component of the magnetic field vector.  Δ is the Laplacian, also 

known as the Laplace operator.  The general solution to (1-1) above 

can be expressed as the sum of a term that increases exponentially 

in the z-direction and a term that attenuates exponentially in the 30 

z-direction, as illustrated in (1-2) below.   

[0071] 

[Math. 14] 



 - 20 - 

 

[0072] 

 In (1-2) above, kx and ky represent the wavenumbers in the x- 

and y-directions, respectively.  Also, a(kx, ky) and b(kx, ky) are 

functions expressed in terms of kx and ky.  For example, the 5 

measurement yields the z-component Hz(x, y, 0) of the magnetic 

field vector in the plane of z=0, and the z-direction gradient ∂/∂zHz(x, 

y, z)|z=0 of the z-component of the magnetic field vector.  Using 

these, a(kx, ky) and b(kx, ky) in (1-2) can be obtained as illustrated in 

(1-3) and (1-4) below, respectively.   10 

[0073] 

[Math. 15] 

 

[0074] 

[Math. 16] 15 

 

[0075] 

 In (1-3) and (1-4) above, f(kx, ky) is the two-dimensional 

Fourier transform image of Hz(x, y, 0), and g(kx, ky) is the 

two-dimensional Fourier transform image of ∂/∂zHz(x, y, z)|z=0.  By 20 

substituting (1-3) and (1-4) into (1-2), Hz can be obtained as 

illustrated in (1-5) below.   

[0076] 
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[Math. 17] 

 

[0077] 

 With the above method, it is possible to obtain Hz(x, y, z) at 

any z-coordinate in space where there is no magnetic source using 5 

Hz(x, y, 0), which is the Dirichlet boundary condition, and ∂/∂zHz(x, 

y, z)|z=0, which is the Neumann boundary condition.  This means 

that the magnetic field at the surface of the sample can be 

reconstructed from the magnetic field at the measurement plane, 

which is the xy plane at z=0.   10 

[0078] 

 However, the equations used in the above method are valid in 

a space where there is no magnetic source.  Therefore, it is difficult 

to reconstruct the magnetic field deeper than the surface of the 

sample using only the above method.  Stated differently, it is 15 

difficult to visualize the magnetic susceptibil ity distribution inside a 

sample including a magnetic source using the above method alone.   

[0079] 

 In contrast, magnetic susceptibility distribution visualization 

device 100 according to the present embodiment calculates the 20 

induction position dependent magnetic field function based on the 

sensing result obtained by sensing magnetism while changing the 

relative positional relationship between the sample, the induction 

position, and the sensing position.  Magnetic susceptibility 

distribution visualization device 100 then generates an image 25 

showing the magnetic susceptibility distribution based on the 

induction position dependent magnetic field function.  Stated 
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differently, magnetic susceptibility distribution visualization device 

100 can reconstruct the magnetic field deeper than the surface of the 

sample.   

[0080] 

 FIG. 3 is a schematic diagram illustrating the induction 5 

position and the sensing position according to the present 

embodiment.  In the example illustrated in FIG. 3, the induction 

position and the sensing position in the xyz Cartesian coordinate 

system are represented.   

[0081] 10 

 More specifically, induction circuit 110 is a conductive line that 

carries current parallel to the x-axis.  The position of induction 

circuit 110 is therefore expressed as TLINE(y1, z1).  Stated differently, 

the induction position is expressed as TLINE(y1, z1).  Since magnetic 

sensor 130 can have an x-coordinate, a y-coordinate and a 15 

z-coordinate, the position of magnetic sensor 130 is expressed as 

RTMR(x, y2, z2).  Stated differently, the sensing position is expressed 

as RTMR(x, y2, z2).   

[0082] 

 In the example in FIG. 3, the position of the sample is 20 

represented by P.  The sample can also be described as an induction 

magnetic source.  The magnetic field component is transferred in 

the following order: TLINE(y1, z1) --> P --> RTMR(x, y2, z2).   

[0083] 

 For induction position TLINE(y1, z1) and sensing position RTMR(x, 25 

y2, z2), the magnetic strength at sensing position RTMR(x, y2, z2) can 

be expressed as Φ(x, y1, y2, z1, z2).  Φ(x, y1, y2, z1, z2) is an 

induction position dependent magnetic field function that takes 

induction position TLINE(y1, z1) and sensing position RTMR(x, y2, z2) as 

inputs, and outputs the magnetic strength at sensing position RTMR(x, 30 

y2, z2).   

[0084] 

 Induction position TLINE(y1, z1) may be a virtual position of 

induction circuit 110.  Sensing position RTMR(x, y2, z2) may be a 

virtual position of magnetic sensor 130.  If induction position 35 
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TLINE(y1, z1) corresponds to the actual position of induction circuit 

110 and sensing position RTMR(x, y2, z2) corresponds to the actual 

position of magnetic sensor 130, Φ(x, y1, y2, z1, z2) corresponds to 

the measurement value, which is the actual sensing result.   

[0085] 5 

 In the example illustrated in FIG. 3, induction circuit 110 is 

positioned at z=0 and scans in the y-axis direction.  Magnetic sensor 

130 is positioned at z=z0 and scans in the x- and y-axis directions in 

the xy plane.  This yields Φ(x, y1, y2, z1=0, z2=z0) as the 

measurement value for each combination of x, y1 and y2.  This 10 

measurement value is used as a boundary condition for the induction 

position dependent magnetic field function, which is Φ(x, y1, y2, z1, 

z2).   

[0086] 

 Φ(x, y1, y2, z1, z2) is a harmonic function related to y1 and z1 15 

corresponding to induction position TLINE(y1, z1) and a harmonic 

function related to x, y2 and z2 corresponding to sensing position 

RTMR(x, y2, z2).  Therefore, Φ(x, y1, y2, z1, z2) satisfies (2-1) and 

(2-2) below as fundamental equations, which are Laplace equations 

related to the multipath problem in a static or quasi-static field.   20 

[0087] 

[Math. 18] 

 

[0088] 

[Math. 19] 25 

 

[0089] 

 When the z-coordinate of position P of the sample is greater 

than the z-coordinate of induction circuit 110 and less than the 
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z-coordinate of magnetic sensor 130, the general solution of (2-1) 

and the general solution of (2-2) can each be expressed as either a 

term that increases exponentially in the z-direction or a term that 

attenuates exponentially in the z-direction.  More specifically, the 

general solution of (2-1) and the general solution of (2-2) can each 5 

be expressed as (2-3) and (2-4) shown below.   

[0090] 

[Math. 20] 

 

[0091] 10 

[Math. 21] 

 

[0092] 

 The combination of (2-3) and (2-4) can be expressed as (2-5) 

shown below.   15 

[0093] 

[Math. 22] 

 

[0094] 

 Applying the measurement values at z1=0 and z2=z0 as 20 

boundary conditions to (2-5) yields (2-6) shown below.   

[0095] 

[Math. 23] 
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[0096] 

 The inverse Fourier transform of (2-6) yields (2-7) shown 

below.   

[0097] 

[Math. 24] 5 

 

[0098] 

 The following shows the Fourier transform image of the 

measurement value:   

[Math. 25] 10 

 

The induction position dependent magnetic field function is therefore 

expressed by (2-8) shown below.   

[0099] 

[Math. 26] 15 

 

[0100] 

 By applying x --> x, y2 --> y1 (=y) and z2 --> z1 (=z) to the 

induction position dependent magnetic field function, the output is 

assumed to indicate the magnetic strength sensed at (x, y, z) after 20 

the induction of the magnetic field component at (x, y, z).  The 

stronger the magnetism, the higher the magnetic susceptibility is 

assumed to be, and the image showing this magnetic strength is 

assumed to show the magnetic susceptibility distribution in an area 

including the interior of the sample.  The imaging function for 25 

generating such an image is expressed in (2-9) given below.   
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[0101] 

[Math. 27] 

 

[0102] 

 The imaging function in (2-9) is a function that takes the 5 

imaging target position as an input and outputs the image intensity 

at the imaging target position.  The image intensity corresponds to 

the value output as the magnetic strength from the induction position 

dependent magnetic field function in response to inputting the 

imaging target position into the induction position dependent 10 

magnetic field function.   

[0103] 

 For example, information processing circuit 150 of magnetic 

susceptibility distribution visualization device 100 calculates the 

induction position dependent magnetic field function based on the 15 

sensing result, which is the measurement value, and (2-8).  

Information processing circuit 150 then calculates an imaging 

function based on the induction position dependent magnetic field 

function and (2-9).  Information processing circuit 150 then 

generates, based on the imaging function, an image showing the 20 

magnetic susceptibility distribution.  More specifically, information 

processing circuit 150 generates an image consisting of the values 

output from the imaging function for each imaging target position as 

an image showing the magnetic susceptibility distribution.   

[0104] 25 

 This enables magnetic susceptibility distribution visualization 

device 100 to generate an image showing the magnetic susceptibility 

distribution with high accuracy, using the induction position 

dependent magnetic field function and the imaging function 

described above.   30 

[0105] 
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 Note that the equations such as the induction position 

dependent magnetic field function and the imaging function 

described above with reference to FIG. 3 are merely examples; the 

equations such as the induction position dependent magnetic field 

function and the imaging function are not limited to the above 5 

examples.  Other equations based on different conditions can be 

derived by the same kind of method as the above method.   

[0106] 

 For example, in the example of FIG. 3, magnetic sensor 130 

and induction circuit 110 are located on opposite sides of the sample, 10 

but magnetic sensor 130 and induction circuit 110 may be located on 

the same side of the sample.  For example, when the z-coordinate of 

P is less than the z-coordinate of induction circuit 110 and less than 

the z-coordinate of magnetic sensor 130, (2-3) given above can be 

replaced by (3-1) given below.   15 

[0107] 

[Math. 28] 

 

[0108] 

 In this case, the induction position dependent magnetic field 20 

function is therefore expressed by (3-2) shown below.   

[0109] 

[Math. 29] 

 

[0110] 25 

 Moreover, in this case, the imaging function can be expressed 
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by (3-3) shown below.   

[0111] 

[Math. 30] 

 

[0112] 5 

 FIG. 4 is a schematic diagram illustrating another example of 

the induction position and the sensing position according to the 

present embodiment.  Just like the example illustrated in FIG. 3, in 

the example illustrated in FIG. 4, the induction position and the 

sensing position in the xyz Cartesian coordinate system are 10 

represented.  In the example of FIG. 4, induction circuit 110 is a coil.  

Induction circuit 110 and magnetic sensor 130 are located at the 

same y-coordinate, and the y-coordinate of induction circuit 110 and 

the y-coordinate of magnetic sensor 130 change as one.   

[0113] 15 

 The position of induction circuit 110 is therefore expressed as 

TCOIL(x1, y, z1).  Stated differently, the induction position is 

expressed as TCOIL(x1, y, z1).  The position of magnetic sensor 130 is 

expressed as RTMR(x2, y, z2).  Stated differently, the sensing position 

is expressed as RTMR(x2, y, z2).  x1 and x2 are independent of each 20 

other, and z1 and z2 are independent of each other.   

[0114] 

 Just like the example in FIG. 3, in the example in FIG. 4, the 

position of the sample is represented by P.  The magnetic field 

component is transferred in the following order: TCOIL(x1, y, z1) --> P 25 

--> RTMR(x2, y, z2).   

[0115] 

 For induction position TCOIL(x1, y, z1) and sensing position 

RTMR(x2, y, z2), the magnetic strength at sensing position RTMR(x2, y, 

z2) can be expressed as Φ(x1, x2, y, z1, z2).  Φ(x1, x2, y, z1, z2) is an 30 

induction position dependent magnetic field function that takes 



 - 29 - 

induction position TCOIL(x1, y, z1) and sensing position RTMR(x2, y, z2) 

as inputs, and outputs the magnetic strength at sensing position 

RTMR(x2, y, z2). 

[0116] 

 Induction position TCOIL(x1, y, z1) may be a virtual position of 5 

induction circuit 110.  Sensing position RTMR(x2, y, z2) may be a 

virtual position of magnetic sensor 130.  If induction position 

TCOIL(x1, y, z1) corresponds to the actual position of induction circuit 

110 and sensing position RTMR(x2, y, z2) corresponds to the actual 

position of magnetic sensor 130, Φ(x1, x2, y, z1, z2) corresponds to 10 

the measurement value, which is the actual sensing result.   

[0117] 

 In the example illustrated in FIG. 4, induction circuit 110 is 

positioned at z=0 and scans in the y- and x-axis directions in the xy 

plane.  Magnetic sensor 130 is positioned at z=z0 and scans in the x- 15 

and y-axis directions in the xy plane.  This yields Φ(x1, x2, y, z1=0, 

z2=z0) as the measurement value for each combination of x1, x2, and 

y.  This measurement value is used as a boundary condition for the 

induction position dependent magnetic field function, which is Φ(x1, 

x2, y, z1, z2).   20 

[0118] 

 Φ(x1, x2, y, z1, z2) is a harmonic function related to x1, y, and 

z1 corresponding to induction position TCOIL(x1, y, z1) and a harmonic 

function related to x2, y and z2 corresponding to sensing position 

RTMR(x2, y, z2).  Therefore, Φ(x1, x2, y, z1, z2) satisfies (4-1) and 25 

(4-2) below as fundamental equations, which are Laplace equations 

related to the multipath problem in a static or quasi-static field.   

[0119] 

[Math. 31] 

 30 

[0120] 

[Math. 32] 
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[0121] 

 When the z-coordinate of position P of the sample is greater 

than the z-coordinate of induction circuit 110 and less than the 

z-coordinate of magnetic sensor 130, the general solution of (4-1) 5 

and the general solution of (4-2) can each be expressed as either a 

term that increases exponentially in the z-direction or a term that 

attenuates exponentially in the z-direction.  More specifically, the 

general solution of (4-1) and the general solution of (4-2) can each 

be expressed as (4-3) and (4-4) shown below.   10 

[0122] 

[Math. 33] 

 

[0123] 

[Math. 34] 15 

 

[0124] 

 The combination of (4-3) and (4-4) can be expressed as (4-5) 

shown below.   

[0125] 20 

[Math. 35] 

 

[0126] 
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 Applying the measurement values at z1=0 and z2=z0 as 

boundary conditions to (4-5) yields (4-6) shown below.   

[0127] 

[Math. 36] 

 5 

[0128] 

 The inverse Fourier transform of (4-6) yields (4-7) shown 

below.   

[0129] 

[Math. 37] 10 

 

[0130] 

 The following shows the Fourier transform image of the 

measurement value:   

[Math. 38] 15 

 

The induction position dependent magnetic field function is therefore 

expressed by (4-8) shown below.   

[0131] 

[Math. 39] 20 

 

[0132] 

 By applying x2 --> x1 (=x), y --> y, and z2 --> z1 (=z) to the 

induction position dependent magnetic field function, the output is 

assumed to indicate the magnetic strength sensed at (x, y, z) after 25 
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the induction of the magnetic field component at (x, y, z).  The 

stronger the magnetism, the higher the magnetic susceptibility is 

assumed to be, and the image showing this magnetic strength is 

assumed to show the magnetic susceptibility distribution in an area 

including the interior of the sample.  The imaging function for 5 

generating such an image is expressed in (4-9) given below.   

[0133] 

[Math. 40] 

 

[0134] 10 

 The imaging function in (4-9) is a function that takes the 

imaging target position as an input and outputs the image intensity 

at the imaging target position.  The image intensity corresponds to 

the value output as the magnetic strength from the induction position 

dependent magnetic field function in response to inputting the 15 

imaging target position into the induction position dependent 

magnetic field function.   

[0135] 

 For example, information processing circuit 150 of magnetic 

susceptibility distribution visualization device 100 calculates the 20 

induction position dependent magnetic field function based on the 

sensing result, which is the measurement value, and (4-8).  

Information processing circuit 150 then calculates an imaging 

function based on the induction position dependent magnetic field 

function and (4-9).  Information processing circuit 150 then 25 

generates, based on the imaging function, an image showing the 

magnetic susceptibility distribution.  More specifically, information 

processing circuit 150 generates an image consisting of the values 

output from the imaging function for each imaging target position as 

an image showing the magnetic susceptibility distribution.   30 

[0136] 
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 This enables magnetic susceptibility distribution visualization 

device 100 to generate an image showing the magnetic susceptibility 

distribution with high accuracy, using the induction position 

dependent magnetic field function and the imaging function 

described above.   5 

[0137] 

 FIG. 5 is a schematic diagram illustrating yet another example 

of the induction position and the sensing position according to the 

present embodiment.  In the example of FIG. 4 described above, 

magnetic sensor 130 and induction circuit 110 are located on 10 

opposite sides of the sample.  In contrast, in the example of FIG. 5, 

magnetic sensor 130 and induction circuit 110 are located on the 

same side of the sample.  The other conditions in the example of FIG. 

5 are the same as in the example in FIG. 4.   

[0138] 15 

 As in the example of FIG. 5, when the z-coordinate of P is less 

than the z-coordinate of induction circuit 110 and less than the 

z-coordinate of magnetic sensor 130, (4-3) given above can be 

replaced by (5-1) given below.   

[0139] 20 

[Math. 41] 

 

[0140] 

 In this case, the induction position dependent magnetic field 

function is therefore expressed by (5-2) shown below.   25 

[0141] 

[Math. 42] 
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[0142] 

 Moreover, in this case, the imaging function can be expressed 

by (5-3) shown below.   

[0143] 

[Math. 43] 5 

 

[0144] 

 FIG. 6 is a configuration diagram of a second example of a 

magnetic susceptibility distribution visualization device according to 

the present embodiment.  Magnetic susceptibility distribution 10 

visualization device 200 illustrated in FIG. 6 includes a plurality of 

induction circuits 210, induction circuit support structure 220, a 

plurality of magnetic sensors 230, magnetic sensor support structure 

240, information processing circuit 150, display 160, and sample 

table 170.  Magnetic susceptibility distribution visualization device 15 

200 generates an image showing the magnetic susceptibility 

distribution of an area including the interior of the sample placed on 

sample table 170.   

[0145] 

 The plurality of induction circuits 210 are the same type of 20 

electrical circuit as induction circuit 110 illustrated in FIG. 1.  In the 

example of FIG. 6, a plurality of induction circuits 210 are used 

instead of one induction circuit 110.  The plurality of induction 

circuits 210 sequentially induce the first magnetic field component 

without moving.  Stated differently, the plurality of induction 25 

circuits 210 induce the first magnetic field component one by one or 

every predetermined unit.  With this, just like induction circuit 110, 

the plurality of induction circuits 210 can induce the first magnetic 

field component from each of the induction positions.   

[0146] 30 

 Induction circuit support structure 220 is a structure that 
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fixedly supports the plurality of induction circuits 210.  In the 

example of FIG. 6, induction circuit actuator 120 illustrated in FIG. 1 

is not necessary because the plurality of induction circuits 210 do not 

move.   

[0147] 5 

 The plurality of magnetic sensors 230 are the same type of 

sensor as magnetic sensor 130 illustrated in FIG. 1.  In the example 

of FIG. 6, a plurality of magnetic sensors 230 are used instead of one 

magnetic sensor 130.  The plurality of magnetic sensors 230 can 

sense magnetism at sensing positions without moving.  In other 10 

words, just like magnetic sensor 130, the plurality of magnetic 

sensors 230 can sense magnetism at each of the sensing positions.   

[0148] 

 Magnetic sensor support structure 240 is a structure that 

fixedly supports the plurality of magnetic sensors 230.  In the 15 

example of FIG. 6, magnetic sensor actuator 140 illustrated in FIG. 1 

is not necessary because the plurality of magnetic sensors 230 do not 

move.   

[0149] 

 The plurality of induction circuits 210 and the plurality of 20 

magnetic sensors 230, etc., of magnetic susceptibility distribution 

visualization device 200 illustrated in FIG. 6 can fulfill the same role 

as induction circuit 110 and magnetic sensor 130, etc., of magnetic 

susceptibility distribution visualization device 100 illustrated in FIG. 

1.  Accordingly, just like magnetic susceptibility distribution 25 

visualization device 100, magnetic susceptibility distribution 

visualization device 200 can also sense the magnetism affected by 

the sample while changing the relative positional relationship 

between the sample, the induction position, and the sensing 

position.   30 

[0150] 

 This enables magnetic susceptibility distribution visualization 

device 200 to obtain sufficient information on the magnetic 

susceptibility distribution of an area including the interior of the 

sample.  Magnetic susceptibility distribution visualization device 35 
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200 can then calculate the induction position dependent magnetic 

field function based on the obtained sufficient information, and can 

generate an image showing the magnetic susceptibility distribution 

with high accuracy based on the calculated induction position 

dependent magnetic field function.   5 

[0151] 

 The example in FIG. 1 may be combined with the example in 

FIG. 2.  For example, a moving induction circuit 110 and a plurality 

of magnetic sensors 230 may be used, or a plurality of induction 

circuits 210 and a moving magnetic sensor 130 may be used.   10 

[0152] 

 FIG. 7 is a schematic diagram illustrating a first example of a 

body scanner using magnetic susceptibility distribution visualization 

device 200 illustrated in FIG. 6.   

[0153] 15 

 Body scanner 300 illustrated in FIG. 7 includes a plurality of 

induction circuits 210 and a plurality of magnetic sensors 230.  For 

example, body scanner 300 also includes information processing 

circuitry 150 and display 160 illustrated in FIG. 6.  Stated differently, 

body scanner 300 may be magnetic susceptibility distribution 20 

visualization device 200 or include magnetic susceptibility 

distribution visualization device 200.  Body scanner 300 then 

generates an image showing the magnetic susceptibility distribution.   

[0154] 

 Since blades contain iron, the magnetic susceptibility of blades 25 

is high.  In contrast, the magnetic susceptibility of the aluminum 

case is low.  It is therefore assumed that blades will appear in the 

image showing the magnetic susceptibility distribution.  Stated 

differently, body scanner 300 can generate an image of a blade that 

a person has inside an aluminum case by generating an image 30 

showing the magnetic susceptibility distribution.   

[0155] 

 FIG. 7 is a schematic diagram.  The number and size of the 

plurality of induction circuits 210 and the number and size of the 

plurality of magnetic sensors 230 may be different from the example 35 
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in FIG. 7.  A larger number of smaller induction circuits 210 may be 

arranged in a higher density, and a larger number of smaller 

magnetic sensors 230 may be arranged in a higher density.  The 

same applies to other schematic diagrams as well.   

[0156] 5 

 In FIG. 7, for example, a plurality of induction circuits 210 

induce the first magnetic field component, one row at a time in the 

vertical or horizontal direction.  The first magnetic field component 

causes the blade to induce the second magnetic field component.  

The plurality of magnetic sensors 230 then sense the magnetism of 10 

the magnetic field including the second magnetic field component.  

With this, the plurality of magnetic sensors 230 can sense magnetism 

at sensing positions for each of the induction positions.  Body 

scanner 300 can then generate an image of the blade with high 

accuracy based on the sensing result.   15 

[0157] 

 More specifically, one vertical or horizontal row of the plurality 

of induction circuits 210 fulfills the same role as the conductive line 

shown as induction circuit 110 in FIG. 3.  It is assumed that the 

fundamental equations shown in (2-1) and (2-2) and the like are 20 

valid.  Therefore, the induction position dependent magnetic field 

function and the imaging function shown in (2-8) and (2-9) can be 

derived using the method described with reference to FIG. 3.   

[0158] 

 Body scanner 300 can therefore generate an image of the 25 

blade with high accuracy based on the induction position dependent 

magnetic field function and the imaging function shown in (2-8) and 

(2-9).  In particular, the aluminum case is impervious to terahertz 

waves and microwaves.  Body scanner 300 can generate an image of 

the blade inside such an aluminum case with high accuracy.   30 

[0159] 

 The plurality of induction circuits 210 need not induce the first 

magnetic field component one row at a time in the vertical or 

horizontal direction, and may induce the first magnetic field 

component one by one or every predetermined unit.  In such cases, 35 
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an induction position dependent magnetic field function and an 

imaging function different from those shown in (2-8) and (2-9) can 

be derived using the method described with reference to FIG. 3.  

Body scanner 300 may generate an image of the blade based on such 

an induction position dependent magnetic field function and such an 5 

imaging function.   

[0160] 

 FIG. 8 is a schematic diagram of induction circuit 210.  

Induction circuit 210 illustrated in FIG. 8 corresponds to any one of 

the plurality of induction circuits 210 illustrated in FIG. 7.  More 10 

specifically, induction circuit 210 is a coil.  This induces the first 

magnetic field component.  Note that induction circuit 210 is not 

limited to a coil and may be some other electrical circuit.   

[0161] 

 FIG. 9 is a schematic diagram illustrating magnetic sensor 230.  15 

Magnetic sensor 230 illustrated in FIG. 9 corresponds to any one of 

the plurality of magnetic sensors 230 illustrated in FIG. 7.  More 

specifically, magnetic sensor 230 includes a TMR element or MI 

element.  This enables the magnetism in a magnetic field including 

the second magnetic field component to be sensed.   20 

[0162] 

 FIG. 10 is a schematic diagram illustrating the specific 

structure of magnetic sensor 230 illustrated in FIG. 9.  As mentioned 

above, magnetic sensor 230 includes, for example, a TMR element.   

[0163] 25 

 In a TMR element, an insulating film is sandwiched between 

magnetic films having a thickness of 10 nm to 100 nm.  More 

specifically, the TMR element includes a plurality of thin films 

including soft layer 231, tunnel layer 232, and PIN layer 

(magnetization fixing layer) 233.  Soft layer 231 is a magnetic film 30 

whose direction of magnetization changes according to the direction 

of magnetization of the external field.  PIN layer 233 is a magnetic 

film whose direction of magnetization does not change.  Tunnel 

layer 232 is an insulating film.   

[0164] 35 
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 The electrical resistance when the direction of magnetization 

in soft layer 231 and in PIN layer 233 are the same differs from the 

electrical resistance when those directions are different.  This 

change in electrical resistance is used to sense the magnetic field 

component.   5 

[0165] 

 For example, magnetic sensor 230 uses the above 

characteristics to sense and measure magnetic field components.  

Note that magnetic sensor 230 is not limited to the above example of 

a TMR element, and may also include of other elements such as a 10 

GMR element, a SQUID element, or an MI element.   

[0166] 

 FIG. 11 is a schematic diagram illustrating a second example 

of a body scanner using magnetic susceptibility distribution 

visualization device 200 illustrated in FIG. 6.  Body scanner 400 15 

illustrated in FIG. 11 is essentially the same as body scanner 300 

illustrated in FIG. 7, but the plurality of induction circuits 210 and the 

plurality of magnetic sensors 230 of body scanner 400 are included in 

a structure.  More specifically, the plurality of induction circuits 210 

and the plurality of magnetic sensors 230 are included in two walls.   20 

[0167] 

 Even more specifically, the plurality of induction circuits 210 

are included in a first of two walls and the plurality of magnetic 

sensors 230 are included in a second of the two walls.  While a 

person is between the two walls, the first magnetic field component 25 

is induced from each of the induction positions by the plurality of 

induction circuits 210, and magnetism is sensed at the sensing 

positions by the plurality of magnetic sensors 230.  This enables 

body scanner 400 to generate an image of the blade that the person 

has inside the aluminum case without the person noticing.   30 

[0168] 

 FIG. 12 is a schematic diagram illustrating a third example of 

a body scanner using magnetic susceptibility distribution 

visualization device 200 illustrated in FIG. 6.  Body scanner 500 

illustrated in FIG. 12 is essentially the same as body scanner 400 35 
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illustrated in FIG. 11, but body scanner 500 includes a plurality of 

combined circuits 310 of combinations of the plurality of induction 

circuits 210 and the plurality of magnetic sensors 230.  More 

specifically, one combined circuit 310 includes one induction circuit 

210 and one magnetic sensor 230.  The plurality of combined 5 

circuits 310 are included in a single wall.   

[0169] 

 In other words, the plurality of magnetic sensors 230 and the 

plurality of induction circuits 210 are disposed on the same side of 

the person corresponding to the sample.  Thus, for example, the 10 

induction position dependent magnetic field function and the imaging 

function shown in (3-2) and (3-3) can be applied.  Body scanner 500 

can then generate an image of the blade with high accuracy.   

[0170] 

 If one vertical or horizontal row of the plurality of combined 15 

circuits 310 induces the first magnetic field component, the other 

rows excluding that one row may sense the magnetism.  This 

prevents a combined circuit 310 from sensing too strong a 

magnetism due to the first magnetic field component induced by 

itself.   20 

[0171] 

 FIG. 13 is a schematic diagram of combined circuit 310.  As 

illustrated in FIG. 13, combined circuit 310 includes induction circuit 

210 and magnetic sensor 230.  More specifically, induction circuit 

210 is a coil.  Magnetic sensor 230 includes a TMR element and is 25 

provided inside the coil.  This enables combined circuit 310 to 

induce the first magnetic field component and to sense the 

magnetism in the magnetic field including the second magnetic field 

component.   

[0172] 30 

 FIG. 14 is a schematic diagram illustrating a fourth example of 

a body scanner using magnetic susceptibility distribution 

visualization device 200 illustrated in FIG. 6.  Body scanner 600 

illustrated in FIG. 14 is essentially the same as body scanner 500 

illustrated in FIG. 12, but the plurality of combined circuits 310 of 35 
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body scanner 600 are included in the floor.   

[0173] 

 Just like in the example of FIG. 12, the plurality of magnetic 

sensors 230 and the plurality of induction circuits 210 are disposed 

on the same side of the person corresponding to the sample.  Thus, 5 

for example, the induction position dependent magnetic field 

function and the imaging function shown in (3-2) and (3-3) can be 

applied.  Body scanner 600 can then generate an image of the blade 

with high accuracy.   

[0174] 10 

 FIG. 15 is a schematic diagram illustrating a fifth example of a 

body scanner using magnetic susceptibility distribution visualization 

device 200 illustrated in FIG. 6.  Body scanner 700 illustrated in FIG. 

15 is essentially the same as body scanner 500 illustrated in FIG. 12, 

but the plurality of combined circuits 310 of body scanner 700 are 15 

included in a pole.  This pole may be the bar or arm of a barrier gate, 

for example.   

[0175] 

 In FIG. 15, for example, a person passes by the pole.  Here, 

the plurality of combined circuits 310 included in the pole induce the 20 

first magnetic field component one by one.  The plurality of 

combined circuits 310 then sense the magnetism.  When sensing the 

magnetism, a plurality of combined circuits 310 excluding the 

combined circuit 310 that induces the first magnetic field component 

may sense the magnetism.  Body scanner 700 repeats these 25 

processes while the person is passing near the pole.   

[0176] 

 More specifically, the one-dimensional movement of a person 

passing near the pole along a direction perpendicular to the pole will 

cause magnetic sensor 230 of combined circuit 310 included in the 30 

pole to perform a one-dimensional scan relative to the person.  A 

two-dimensional image (two-dimensional sensing result) is then 

obtained by combining the data obtained from a magnetic sensor row 

of magnetic sensors 230 arranged in one dimension in the pole.   

[0177] 35 
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 For example, since a person passes near a pole, the plurality of 

combined circuits 310 can scan in a plane relative to the person.  In 

other words, body scanner 700 can induce the first magnetic field 

component from each of the induction positions in the plane, and can 

sense the magnetism of the magnetic field including the second 5 

magnetic field component at each of the sensing positions in the 

plane.  Body scanner 700 can then generate an image of, for 

example, the blade that the person has inside the aluminum case 

based on the sensing result.   

[0178] 10 

 For example, if the direction in which the person is traveling in 

FIG. 15 is taken as the y-axis direction in FIG. 4, the y-coordinate of 

induction circuit 210 relative to the traveling person coincides with 

the y-coordinate of magnetic sensor 230.  Moreover, the plurality of 

magnetic sensors 230 and the plurality of induction circuits 210 are 15 

disposed on the same side of the person corresponding to the sample.  

Thus, for example, the induction position dependent magnetic field 

function and the imaging function shown in (5-2) and (5-3) can be 

applied.   

[0179] 20 

 FIG. 16 is a schematic diagram illustrating a sixth example of 

a body scanner using magnetic susceptibility distribution 

visualization device 200 illustrated in FIG. 6.  Body scanner 800 

illustrated in FIG. 16 is essentially the same as body scanner 700 

illustrated in FIG. 15, but the plurality of combined circuits 310 of 25 

body scanner 800 are included in a plurality of poles.  When a 

person passes between two of the poles, body scanner 800 induces 

the first magnetic field component and senses the magnetism of the 

magnetic field including the second magnetic field component.   

[0180] 30 

 Body scanner 800 may induce the first magnetic field 

component from a first of the two poles and sense the magnetism of 

the magnetic field including the second magnetic field component at 

the second of the two poles.  Here, the plurality of combined circuits 

310 included in the first pole may induce the first magnetic field 35 
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component one by one.  With this, just like body scanner 300, body 

scanner 800 can induce the first magnetic field component from each 

of the induction positions in the plane, and can sense the magnetism 

of the magnetic field including the second magnetic field component 

at each of the sensing positions in the plane.   5 

[0181] 

 Body scanner 800 can then generate an image of, for example, 

the blade that the person has inside the aluminum case based on the 

sensing result.   

[0182] 10 

 In the example of FIG. 16, each pole contains a plurality of 

combined circuits 310.  However, a first pole of a pair of poles may 

include a plurality of induction circuits 210, and the second pole of 

the pair of poles may include a plurality of magnetic sensors 230.   

[0183] 15 

 For example, in FIG. 16, a person travels between two poles 

along a direction parallel to the center line between the two poles.  

In this case, if the direction in which the person is traveling in FIG. 16 

is taken as the y-axis direction in FIG. 4, the y-coordinate of 

induction circuit 210 relative to the traveling person coincides with 20 

the y-coordinate of magnetic sensor 230.  Moreover, the plurality of 

magnetic sensors 230 and the plurality of induction circuits 210 are 

disposed on opposite sides of the person corresponding to the sample.  

Thus, for example, the induction position dependent magnetic field 

function and the imaging function shown in (4-8) and (4-9) can be 25 

applied.   

[0184] 

 Body scanner 800 may detect a blade or the like based on the 

generated image.  When a blade or the like is detected, information 

indicating the location where the blade or the like was detected, or 30 

the location of the person holding the blade or the like, may be 

notified to an external terminal or the like.   

[0185] 

 FIG. 17 is a schematic diagram illustrating an example of 

information displayed on an external terminal by body scanner 800 35 
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illustrated in FIG. 16.  For example, body scanner 800 generates a 

plurality of images based on the sensing result obtained from the 

plurality of poles.  Body scanner 800 then detects the blade or the 

like based on each image and the location corresponding to the blade 

or the like.  Body scanner 800 then transmits information indicating 5 

the location corresponding to the blade or the like to external 

terminal 1000.   

[0186] 

 The above operations may be performed by, for example, 

information processing circuit 150 of magnetic susceptibility 10 

distribution visualization device 200.  For example, information 

processing circuit 150 determines whether the object corresponding 

to the sample includes a detection target object, and when the 

detection target object is determined to be included in the object, 

outputs information indicating the location of the detection target 15 

object or the object to external terminal 1000.  External terminal 

1000 receives the information indicating the location corresponding 

to the detection target object, such as the blade, and displays the 

information as illustrated in FIG. 17.   

[0187] 20 

 The above operations may be performed not only by body 

scanner 800, but also by body scanner 300, 400, 500, 600, 700, or 

any combination of these, etc.   

[0188] 

 The above body scanners 300, 400, 500, 600, 700, and 800 25 

correspond to magnetic susceptibility distribution visualization 

device 200, but may be modified to correspond to magnetic 

susceptibility distribution visualization device 100.  Stated 

differently, a moving induction circuit 110 may be used instead of a 

plurality of induction circuits 210, and a moving magnetic sensor 130 30 

may be used instead of a plurality of magnetic sensors 230.   

[0189] 

 FIG. 18 is a schematic diagram illustrating an example of a 

security inspection system that uses magnetic susceptibility 

distribution visualization device 100 illustrated in FIG. 1 or magnetic 35 
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susceptibility distribution visualization device 200 illustrated in FIG. 

6.   

[0190] 

 For example, security inspection system 900 illustrated in FIG. 

18 includes magnetic susceptibility distribution visualization device 5 

100 or 200.  More specifically, security inspection system 900 may 

include body scanner 400 illustrated in FIG. 11.  Security inspection 

system 900 measures the quasi-static magnetic field, solves the 

inverse problem analytically, and reconstructs an image of the field.  

This enables security inspection system 900 to non-invasively 10 

visualize weapons such as blades or firearms concealed in bags, 

clothes, between clothes and a living body, or inside living bodies, 

etc., in real time.   

[0191] 

 Security inspection system 900 further includes gas-phase 15 

chemical agent analyzer 910 and pipe 920 to analyze gasoline or 

poison gas in real time.  For example, microscopic holes are one- or 

two-dimensionally formed in a wall surface and the surrounding air is 

sucked into multiple channels.  The air sucked in is sent to 

gas-phase chemical agent analyzer 910 through pipe 920.   20 

[0192] 

 For example, gas-phase chemical agent analyzer 910 may 

include a gas chromatographer, a mass spectrometer, an ion mobility 

analyzer, or a combination of two or more of these, and may also be 

referred to as a gas classification detector.  Gas-phase chemical 25 

agent analyzer 910 identifies the air sent to gas-phase chemical 

agent analyzer 910 and analyzes risk.   

[0193] 

 Gas-phase chemical agent analyzer 910 shares information on 

the communication network about the person in possession of the 30 

poison gas just like the information about the person in possession of 

a weapon such as a blade or firearm as described above.  Gas-phase 

chemical agent analyzer 910 may report information about such a 

dangerous person to the police or other crisis management personnel, 

and may include such information about the dangerous person in 35 
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instructions for evacuation routes for citizens in the vicinity.   

[0194] 

 Note that FIG. 18 is merely a schematic diagram, and the 

number and size of the holes leading to gas-phase chemical agent 

analyzer 910 via pipe 920 may be different from the example in FIG. 5 

18.  A larger number of smaller holes may be formed in a denser 

manner.   

[0195] 

 Security inspection system 900 may also be a security gate.  

Security inspection system 900 described above corresponds to body 10 

scanner 400, but may be modified to correspond to body scanner 300, 

500, 600, 700, or 800.  For example, gas-phase chemical agent 

analyzer 910 and pipe 920 may be included in only one wall, in the 

floor, or in a pole.   

[0196] 15 

 FIG. 19 is a flowchart showing an operation of a magnetic 

susceptibility distribution visualization device (100, 200) according 

to an embodiment.   

[0197] 

 For example, an induction circuit (110, 210) induces a first 20 

magnetic field component from each of induction positions defined 

outside of an object as positions relative to the object (S101).   

[0198] 

 A magnetic sensor (130, 230) senses, at each of sensing 

positions defined outside of the object as positions relative to the 25 

object, magnetism in a magnetic field including a second magnetic 

field component induced from the object by the first magnetic field 

component (S102).  With this, the magnetic sensor (130, 230) 

senses magnetism at sensing positions for each of the induction 

positions.   30 

[0199] 

 An information processing circuit (150) obtains the magnetism 

sensing result and generates an image showing a magnetic 

susceptibility distribution of an area including the interior of the 

object based on the sensing result (S103).  For example, the 35 
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information processing circuit (150) displays the image on a display 

(160) (S104).  Alternatively, the information processing circuit 

(150) may print the image or transmit the image to another device.   

[0200] 

 When generating the image, the information processing circuit 5 

(150) calculates an induction position dependent magnetic field 

function using the sensing result as a boundary condition.  The 

induction position dependent magnetic field function is a function 

that takes a virtual induction position of the first magnetic field 

component and a magnetism virtual sensing position as inputs, and 10 

outputs the magnetic strength at the virtual sensing position.   

[0201] 

 The information processing circuit (150) then calculates an 

imaging function.  The imaging function takes an imaging target 

position as an input and outputs an image intensity at the imaging 15 

target position, and is defined based on a strength output from the 

induction position dependent magnetic field function in response to 

inputting the imaging target position, as the virtual induction 

position and the virtual sensing position, into the induction position 

dependent magnetic field function.  The information processing 20 

circuit (150) then generates the image based on the imaging 

function.   

[0202] 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to generate an image showing the 25 

magnetic susceptibility distribution of an area including the interior 

of the object with high accuracy based on the magnetism sensing 

result based on various combinations of the induction positions and 

the sensing positions.   

[0203] 30 

 For example, the information processing circuit (150) may 

calculate, as the induction position dependent magnetic field 

function, a solution of the Laplace equation which the induction 

position dependent magnetic field function satisfies, using the 

sensing result as the boundary condition.  This enables the 35 
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magnetic susceptibility distribution visualization device (100, 200) 

to properly derive the induction position dependent magnetic field 

function based on the sensing result and the Laplace equation related 

to the multipath problem in a static or quasi-static field.   

[0204] 5 

 For example, the information processing circuit (150) may 

calculate, as the imaging function, a limit value of the induction 

position dependent magnetic field function, by performing a limit 

operation on the induction position dependent magnetic field 

function that directs the virtual induction position and the virtual 10 

sensing position input into the induction position dependent 

magnetic field function toward the imaging target position.  This 

enables the magnetic susceptibility distribution visualization device 

(100, 200) to properly derive the imaging function based on the 

induction position dependent magnetic field function.   15 

[0205] 

 For example, the induction positions may be defined in a first 

plane.  The sensing positions may be defined in a second plane that 

is the same as or different than the first plane.  Stated differently, 

the sensing positions may be defined in a first plane where the 20 

induction positions are defined, or in a second plane different than 

the first plane.  The second plane may be parallel to the first plane.   

[0206] 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to inhibit an increase in the size of the 25 

space required to place the induction circuit (110, 210) and the 

magnetic sensor (130, 230).  The magnetic susceptibility 

distribution visualization device (100, 200) can also inhibit 

complication of the calculation process.   

[0207] 30 

 For example, the sensing positions may be located on a first 

side of the object and the induction positions may be located on a 

second opposite side of the object.  This enables the magnetic 

susceptibility distribution visualization device (100, 200) to sense 

the magnetism at each of the sensing positions, which are on the 35 
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opposite side of the object relative to the induction positions.  

Accordingly, the magnetic susceptibility distribution visualization 

device (100, 200) can inhibit the influence of the first magnetic field 

component induced by the induction circuit (110, 210) when sensing 

the magnetism at each of the sensing positions.   5 

[0208] 

 For example, the sensing positions and the induction positions 

may be located on the same side of the object.  This enables the 

magnetic susceptibility distribution visualization device (100, 200) 

to sense the magnetism at each of the sensing positions, which are 10 

on the same side of the object relative to the induction positions.  

Accordingly, the magnetic susceptibility distribution visualization 

device (100, 200) can inhibit an increase in the size of the space 

required to place the induction circuit (110, 210) and the magnetic 

sensor (130, 230).   15 

[0209] 

 For example, the induction circuit (110, 210) may induce the 

first magnetic field component from each of the induction positions 

by moving to each of the induction positions.  The magnetic sensor 

(130, 230) may sense the magnetism at each of the sensing positions 20 

by moving to each of the sensing positions.   

[0210] 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to implement one induction circuit 

(110, 210) for a plurality of induction positions and one magnetic 25 

sensor (130, 230) for a plurality of sensing positions.  Accordingly, 

the magnetic susceptibility distribution visualization device (100, 

200) can inhibit an increase in resource cost.   

[0211] 

 For example, the induction circuit (110, 210) may include a 30 

plurality of induction circuits (110, 210) disposed at the induction 

positions.  The magnetic sensor (130, 230) may include a plurality 

of magnetic sensors (130, 230) disposed at the sensing positions.   

[0212] 

 This enables the magnetic susceptibility distribution 35 
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visualization device (100, 200) to induce a magnetic field component 

from each of the induction positions and to sense the magnetism at 

each of the sensing positions without moving the induction circuit 

(110, 210) or the magnetic sensor (130, 230).  Accordingly, the 

magnetic susceptibility distribution visualization device (100, 200) 5 

can rapidly obtain the sensing result corresponding to a plurality of 

induction positions and a plurality of sensing positions.   

[0213] 

 Note that the plurality of induction circuits (110, 210) are not 

limited to a one-to-one correspondence to the plurality of induction 10 

positions; two or more of the plurality of induction circuits (110, 210) 

may correspond to a single induction position (area).  Similarly, the 

plurality of magnetic sensors (130, 230) are not limited to a 

one-to-one correspondence to the plurality of sensing positions; two 

or more of the plurality of magnetic sensors (130, 230) may 15 

correspond to a single sensing position (area).   

[0214] 

 For example, the plurality of induction circuits (110, 210) may 

be disposed in a first plane.  The plurality of magnetic sensors (130, 

230) may be disposed in a second plane that is the same as or 20 

different than the first plane.  Stated differently, the plurality of 

magnetic sensors (130, 230) may be disposed in a first plane where 

the plurality of induction circuits (110, 210) are disposed, or in a 

second plane different than the first plane.  The second plane may 

be parallel to the first plane.   25 

[0215] 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to rapidly obtain the sensing result 

corresponding to the induction positions in the first plane and the 

sensing positions in the second plane.   30 

[0216] 

 For example, the plurality of induction circuits (110, 210) may 

be disposed on a first straight line.  The plurality of magnetic 

sensors (130, 230) may be disposed on a second straight line that is 

different than the first straight line.  Stated differently, the plurality 35 



 - 51 - 

of magnetic sensors (130, 230) may be disposed on a first straight 

line on which the plurality of induction circuits (110, 210) are 

disposed, or on a second straight line different than the first straight 

line.  The second straight line may be parallel to the first straight 

line.   5 

[0217] 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to reduce the space where the 

induction circuits (110, 210) are disposed and the space where the 

magnetic sensor (130, 230) are disposed.   10 

[0218] 

 For example, the object may move.  The induction circuit 

(110, 210) may induce the first magnetic field component from each 

of the induction positions defined relative to the object that moves, 

by inducing the first magnetic field component from a predetermined 15 

position at different times.  The magnetic sensor (130, 230) may 

sense the magnetism at each of the sensing positions defined 

relative to the object that moves, by sensing the magnetism at a 

predetermined position at different times.   

[0219] 20 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to induce a magnetic field component 

from each of the induction positions and to sense the magnetism at 

each of the sensing positions without providing many induction 

circuits (110, 210) or many magnetic sensors (130, 230) and without 25 

moving the induction circuit (110, 210) or the magnetic sensor (130, 

230).   

[0220] 

 For example, the induction circuit (110, 210) may be included 

in a first wall.  The magnetic sensor (130, 230) may be included in a 30 

second wall that is the same as or different than the first wall.  

Stated differently, the magnetic sensor (130, 230) may be included 

in the first wall where the induction circuit (110, 210) is included, or 

in a second wall different than that first wall.  The first wall and the 

second wall may be opposing walls.  Moreover, for example, the 35 
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induction circuit (110, 210) and the magnetic sensor (130, 230) may 

be included in the floor.   

[0221] 

 For example, the induction circuit (110, 210) may be included 

in a first pole.  The magnetic sensor (130, 230) may be included in 5 

a second pole that is the same as or different than the first pole.  

Stated differently, the magnetic sensor (130, 230) may be included 

in the first pole where the induction circuit (110, 210) is included, or 

in a second pole different than that first pole.   

[0222] 10 

 These configurations enable the induction circuit (110, 210) 

and the magnetic sensor (130, 230) to blend into the landscape.  

This enables the magnetic susceptibility distribution visualization 

device (100, 200) to generate an image showing the magnetic 

susceptibility distribution without being noticed by people.   15 

[0223] 

 In a three-dimensional space of x-coordinates, y-coordinates, 

and z-coordinates, the virtual induction position may be expressed 

as (y1, z1).  The virtual sensing position may be expressed as (x, y2, 

z2).  The z-coordinate of the position of the induction circuit (110, 20 

210) may be defined as 0.  The z-coordinate of the position of the 

magnetic sensor (130, 230) may be defined as z0.  When the sensing 

positions and the induction positions are on opposite sides of the 

object, the induction position dependent magnetic field function may 

be defined as follows.   25 

[0224] 

[Math. 44] 

 

[0225] 

 Here, the Fourier transform image of the sensing result is 30 

expressed as follows.   
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[Math. 45] 

 

 Here, kx, ky1, and ky2 are respective wavenumbers of x, y1, and 

y2.  The imaging function may be defined as follows.   

[0226] 5 

[Math. 46] 

 

[0227] 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to generate an image showing the 10 

magnetic susceptibility distribution with high accuracy using the 

induction position dependent magnetic field function expressed in 

the equation above and the imaging function expressed in the 

equation above.   

[0228] 15 

 In a three-dimensional space of x-coordinates, y-coordinates, 

and z-coordinates, the virtual induction position may be expressed 

as (y1, z1).  The virtual sensing position may be expressed as (x, y2, 

z2).  The z-coordinate of the position of the induction circuit (110, 

210) may be defined as 0.  The z-coordinate of the position of the 20 

magnetic sensor (130, 230) may be defined as z0.  When the sensing 

positions and the induction positions are on the same side of the 

object, the induction position dependent magnetic field function may 

be defined as follows.   

[0229] 25 

[Math. 47] 
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[0230] 

 Here, the Fourier transform image of the sensing result is 

expressed as follows.   

[Math. 48] 

 5 

 Here, kx, ky1, and ky2 are respective wavenumbers of x, y1, and 

y2.  The imaging function may be defined as follows.   

[0231] 

[Math. 49] 

 10 

[0232] 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to generate an image showing the 

magnetic susceptibility distribution with high accuracy using the 

induction position dependent magnetic field function expressed in 15 

the equation above and the imaging function expressed in the 

equation above.   

[0233] 

 In a three-dimensional space of x-coordinates, y-coordinates, 

and z-coordinates, the virtual induction position may be expressed 20 

as (x1, y, z1).  The virtual sensing position may be expressed as (x2, 

y, z2).  The z-coordinate of the position of the induction circuit (110, 

210) may be defined as 0.  The z-coordinate of the position of the 

magnetic sensor (130, 230) may be defined as z0.  When the sensing 

positions and the induction positions are on opposite sides of the 25 

object, the induction position dependent magnetic field function may 

be defined as follows.   

[0234] 

[Math. 50] 
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[0235] 

 Here, the Fourier transform image of the sensing result is 

expressed as follows.   

[Math. 51] 5 

 

 Here, kx, ky1, and ky2 are respective wavenumbers of x, y1, and 

y2.  The imaging function may be defined as follows.   

[0236] 

[Math. 52] 10 

 

[0237] 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to generate an image showing the 

magnetic susceptibility distribution with high accuracy using the 15 

induction position dependent magnetic field function expressed in 

the equation above and the imaging function expressed in the 

equation above.   

[0238] 

 In a three-dimensional space of x-coordinates, y-coordinates, 20 

and z-coordinates, the virtual induction position may be expressed 

as (x1, y, z1).  The virtual sensing position may be expressed as (x2, 

y, z2).  The z-coordinate of the position of the induction circuit (110, 

210) may be defined as 0.  The z-coordinate of the position of the 

magnetic sensor (130, 230) may be defined as z0.  When the sensing 25 

positions and the induction positions are on the same side of the 

object, the induction position dependent magnetic field function may 
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be defined as follows.   

[0239] 

[Math. 53] 

 

[0240] 5 

 Here, the Fourier transform image of the sensing result is 

expressed as follows.   

[Math. 54] 

 

 Here, kx, ky1, and ky2 are respective wavenumbers of x, y1, and 10 

y2.  The imaging function may be defined as follows.   

[0241] 

[Math. 55] 

 

[0242] 15 

 This enables the magnetic susceptibility distribution 

visualization device (100, 200) to generate an image showing the 

magnetic susceptibility distribution with high accuracy using the 

induction position dependent magnetic field function expressed in 

the equation above and the imaging function expressed in the 20 

equation above.   

[0243] 

 For example, based on an image, information processing 

circuit (150) may determine whether the object includes a detection 

target object, and when the detection target object is determined to 25 

be included in the object, outputs information indicating the location 

of the detection target object or the object to an external terminal 
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(1000).  This enables the magnetic susceptibility distribution 

visualization device (100, 200) to notify the location of a specific 

detection target object or the location of an object including a 

specific detection target object.   

[0244] 5 

 Hereinbefore, an aspect of the magnetic susceptibility 

distribution visualization device has been described based on 

embodiments, but aspects of the magnetic susceptibility distribution 

visualization device are not limited to the embodiments.  Various 

modifications conceivable by those skilled in the art may be made to 10 

the embodiments, and elements in the embodiments may be 

combined discretionarily.  For example, a process executed by a 

specific element in an embodiment may be executed by a different 

element instead.  Moreover, the processing order of the processes 

may be changed, and the processes may be performed in parallel.   15 

[0245] 

 A magnetic susceptibility distribution visualization method 

including steps performed by the elements included in the magnetic 

susceptibility distribution visualization device may be executed by an 

arbitrary device or system.  For example, part or all of the magnetic 20 

susceptibility distribution visualization method may be executed by a 

computer including, for example, a processor, memory, and an 

input/output circuit.  In such cases, the magnetic susceptibility 

distribution visualization method may be executed by a program for 

causing a computer to execute the magnetic susceptibility 25 

distribution visualization method being executed by the computer.   

[0246] 

 The program may be recorded on a non-transitory 

computer-readable recording medium.   

[0247] 30 

 Each of the elements of the magnetic susceptibility 

distribution visualization device may be configured in the form of 

dedicated hardware, in the form of general-purpose hardware that 

executes the above program or the like, or any combination thereof.  

For example, the general-purpose hardware may be configured in the 35 
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form of memory on which a program is recorded and a 

general-purpose processor that reads the program from the memory 

and executes the program.  Here, the memory may be 

semiconductor memory or a hard disk, and the general-purpose 

processor may be a central processing unit (CPU) or the like.   5 

[0248] 

 The dedicated hardware may be configured in the form of 

memory and a dedicated processor or the like.  For example, the 

dedicated processor may reference the memory for recording the 

measurement data and execute the magnetic susceptibility 10 

distribution visualization method described above.   

[0249] 

 Each of the elements of the magnetic susceptibility 

distribution visualization device may be an electrical circuit.  The 

electrical circuits may collectively form a single electrical circuit and, 15 

alternatively, may form individual electrical circuits.  These 

electrical circuits may correspond to dedicated hardware or 

general-purpose hardware that executes the above program, for 

example.   

[0250] 20 

 The magnetic susceptibility distribution visualization device 

can also be described as an image generation device.  The magnetic 

susceptibility distribution visualization device may be a security 

inspection device such as a body scanner, and may be included in a 

security inspection device.  Although an example of a body scanner 25 

is given above, application examples are not limited to this example.  

The magnetic susceptibility distribution visualization device may be 

used to test electrical circuits or to test reinforced structures.  The 

magnetic susceptibility distribution visualization device may also be 

used in medical diagnostics, where the human body is examined 30 

using a contrast agent containing magnetic material.   

[0251] 

 Although a magnetic field is exemplified in the above 

description, the concepts of the present disclosure are applicable to 

any field that satisfies the Laplace equation related to the multipath 35 
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problem in a static or quasi-static field.  A quasi-static field may be 

a substantially static field, such as an electromagnetic field of 100 

kHz or less, which can be regarded as having no wave properties.  

More specifically, instead of a magnetic field, an electric field may be 

used, a temperature field may be used, or a pressure field may be 5 

used.   

[0252] 

 Therefore, the above magnetic susceptibility distribution 

visualization device may be described as an external field response 

distribution visualization device.  For example, the external field 10 

response distribution visualization device generates an image 

showing the external field response distribution, which is a 

distribution of responses to an external field.  The magnetic sensor 

described above may be a sensor that senses the strength of a field.  

Instead of magnetic strength, field strength can be used.  The 15 

induction position dependent magnetic field function can also be 

expressed as an induction position dependent field function.   

[0253] 

 In other words, “magnetic field” in the above description can 

be replaced with simply “field”, and “magnetic susceptibility 20 

distribution” can be replaced with “external field response 

distribution”.  For example, the induction circuit induces a first field 

component from a plurality of induction positions.  This induces a 

second field component from the object.  The sensor senses the 

strength of the field including the second field component at each of 25 

the sensing positions.  The information processing circuit obtains 

the sensing result of the strength and generates an image showing 

an external field response distribution of an area including the 

interior of the object based on the sensing result.   

[0254] 30 

 In such cases, the information processing circuit calculates the 

induction position dependent field function using the sensing result 

as a boundary condition, and calculates the imaging function based 

on the induction position dependent field function.  The information 

processing circuit then generates the image based on the imaging 35 
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function.  This enables the external field response distribution 

visualization device to generate an image showing the external field 

response distribution of an area including the interior of the object 

with high accuracy.   

[Industrial Applicability] 5 

[0255] 

 One aspect of the present disclosure is useful for magnetic 

susceptibility visualization devices that generate images showing 

magnetic susceptibility distributions, and is applicable to magnetic 

field diagnostic devices, inspection of electronic components, seismic 10 

inspection of reinforced structures, medical diagnosis, and security 

inspection systems.   

[Reference Signs List] 

[0256] 

 100, 200 magnetic susceptibility distribution visualization 15 

device (external field response distribution visualization device)   

 110, 210 induction circuit   

 120 induction circuit actuator   

 130, 230 magnetic sensor (sensor)   

 140 magnetic sensor actuator (sensor actuator)   20 

 150 information processing circuit   

 160 display   

 170 sample table   

 220 induction circuit support structure   

 231 soft layer   25 

 232 tunnel layer   

 233 PIN layer (magnetization fixing layer)   

 240 magnetic sensor support structure (sensor support 

structure)   

 300, 400, 500, 600, 700, 800 body scanner   30 

 310 combined circuit   

 900 security inspection system   

 910 gas-phase chemical agent analyzer   

 920 pipe   

 1000 external terminal   35 
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[CLAIMS] 

[Claim 1] 

 An external field response distribution visualization device 

that generates an image showing an external field response 

distribution, which is a distribution of responses to an external field, 5 

the external field response distribution visualization device 

comprising:   

 an induction circuit that induces a first field component from 

each of induction positions defined outside of an object as positions 

relative to the object;   10 

 a sensor that senses, at each of sensing positions defined 

outside of the object as positions relative to the object, a strength of 

a field including a second field component induced from the object by 

the first field component, to sense the strength of the field at the 

sensing positions for each of the induction positions; and   15 

 an information processing circuit that obtains a sensing result 

of the strength of the field and generates the image showing the 

external field response distribution of an area including an interior of 

the object based on the sensing result, wherein   

 the information processing circuit:   20 

  calculates an induction position dependent field 

function that takes a virtual induction position and a virtual sensing 

position as inputs and outputs a strength of the field at the virtual 

sensing position, using the sensing result as a boundary condition;   

  calculates an imaging function that takes an imaging 25 

target position as an input and outputs an image intensity at the 

imaging target position, and is defined based on a strength output 

from the induction position dependent field function in response to 

inputting the imaging target position, as the virtual induction 

position and the virtual sensing position, into the induction position 30 

dependent field function; and   

  generates the image based on the imaging function.   

 

[Claim 2] 

 The external field response distribution visualization device 35 
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according to claim 1, wherein   

 the information processing circuit calculates, as the induction 

position dependent field function, a solution of a Laplace equation 

which the induction position dependent field function satisfies, using 

the sensing result as the boundary condition.   5 

 

[Claim 3] 

 The external field response distribution visualization device 

according to claim 1 or 2, wherein   

 the information processing circuit calculates, as the imaging 10 

function, a limit value of the induction position dependent field 

function, by performing a limit operation on the induction position 

dependent field function that directs the virtual induction position 

and the virtual sensing position input into the induction position 

dependent field function toward the imaging target position.   15 

 

[Claim 4] 

 The external field response distribution visualization device 

according to any one of claims 1 to 3, wherein   

 the induction positions are defined in a first plane, and   20 

 the sensing positions are defined in a second plane that is the 

same as or different than the first plane.   

 

[Claim 5] 

 The external field response distribution visualization device 25 

according to any one of claims 1 to 4, wherein   

 the sensing positions are located on a first side of the object 

and the induction positions are on a second opposite side of the 

object.   

 30 

[Claim 6] 

 The external field response distribution visualization device 

according to any one of claims 1 to 4, wherein   

 the sensing positions and the induction positions are located 

on the same side of the object.   35 
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[Claim 7] 

 The external field response distribution visualization device 

according to any one of claims 1 to 6, wherein   

 the induction circuit induces the first field component from 5 

each of the induction positions by moving to each of the induction 

positions, and   

 the sensor senses the strength of the field at each of the 

sensing positions by moving to each of the sensing positions.   

 10 

[Claim 8] 

 The external field response distribution visualization device 

according to any one of claims 1 to 6, wherein   

 the induction circuit comprises a plurality of induction circuits 

disposed at the induction positions, and   15 

 the sensor comprises a plurality of sensors disposed at the 

sensing positions.   

 

[Claim 9] 

 The external field response distribution visualization device 20 

according to claim 8, wherein   

 the plurality of induction circuits are disposed in a first plane, 

and   

 the plurality of sensors are disposed in a second plane that is 

the same as or different than the first plane.   25 

 

[Claim 10] 

 The external field response distribution visualization device 

according to claim 8, wherein   

 the plurality of induction circuits are disposed on a first 30 

straight line, and   

 the plurality of sensors are disposed on a second straight line 

that is the same as or different than the first straight line.   

 

[Claim 11] 35 
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 The external field response distribution visualization device 

according to any one of claims 1 to 6, wherein   

 the object moves,   

 the induction circuit induces the first field component from 

each of the induction positions defined relative to the object that 5 

moves, by inducing the first field component from a predetermined 

position at different times, and   

 the sensor senses the strength of the field at each of the 

sensing positions defined relative to the object that moves, by 

sensing the strength of the field at a predetermined position at 10 

different times.   

 

[Claim 12] 

 The external field response distribution visualization device 

according to any one of claims 1 to 11, wherein   15 

 the induction circuit is included in a first wall, and   

 the sensor is included in a second wall that is the same as or 

different than the first wall.   

 

[Claim 13] 20 

 The external field response distribution visualization device 

according to any one of claims 1 to 11, wherein   

 the induction circuit and the sensor are included in a floor.   

 

[Claim 14] 25 

 The external field response distribution visualization device 

according to any one of claims 1 to 11, wherein   

 the induction circuit is included in a first pole, and   

 the sensor is included in a second pole that is the same as or 

different than the first pole.   30 

 

[Claim 15] 

 The external field response distribution visualization device 

according to claim 5, wherein   

 in a three-dimensional space of x-coordinates, y-coordinates, 35 
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and z-coordinates, the virtual induction position is expressed as (y1, 

z1), the virtual sensing position is expressed as (x, y2, z2), a 

z-coordinate of a position of the induction circuit is defined as 0, and 

a z-coordinate of a position of the sensor is defined as z0,   

 the induction position dependent field function is defined as:   5 

[Math. 1] 

, 

 a Fourier transform image of the sensing result is expressed 

as:    

[Math. 2] 10 

 

where kx, ky1, and ky2 are respective wavenumbers of x, y1, and y2, 

and   

 the imaging function is defined as:   

[Math. 3] 15 

. 

 

[Claim 16] 

 The external field response distribution visualization device 

according to claim 6, wherein   20 

 in a three-dimensional space of x-coordinates, y-coordinates, 

and z-coordinates, the virtual induction position is expressed as (y1, 

z1), the virtual sensing position is expressed as (x, y2, z2), a 

z-coordinate of a position of the induction circuit is defined as 0, and 

a z-coordinate of a position of the sensor is defined as z0,   25 

 the induction position dependent field function is defined as:   

[Math. 4] 
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, 

 a Fourier transform image of the sensing result is expressed 

as:   

[Math. 5] 

 5 

where kx, ky1, and ky2 are respective wavenumbers of x, y1, and y2, 

and   

 the imaging function is defined as:   

[Math. 6] 

. 10 

 

[Claim 17] 

 The external field response distribution visualization device 

according to claim 5, wherein   

 in a three-dimensional space of x-coordinates, y-coordinates, 15 

and z-coordinates, the virtual induction position is expressed as (x1, 

y, z1), the virtual sensing position is expressed as (x2, y, z2), a 

z-coordinate of a position of the induction circuit is defined as 0, and 

a z-coordinate of a position of the sensor is defined as z0,   

 the induction position dependent field function is defined as:   20 

[Math. 7] 

, 

 a Fourier transform image of the sensing result is expressed 
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as:   

[Math. 8] 

 

where kx1, kx2, and ky are respective wavenumbers of x1, x2, and y, 

and   5 

 the imaging function is defined as:   

[Math. 9] 

. 

 

[Claim 18] 10 

 The external field response distribution visualization device 

according to claim 6, wherein   

 in a three-dimensional space of x-coordinates, y-coordinates, 

and z-coordinates, the virtual induction position is expressed as (x1, 

y, z1), the virtual sensing position is expressed as (x2, y, z2), a 15 

z-coordinate of a position of the induction circuit is defined as 0, and 

a z-coordinate of a position of the sensor is defined as z0,   

 the induction position dependent field function is defined as:   

[Math. 10] 

, 20 

 a Fourier transform image of the sensing result is expressed 

as:   

[Math. 11] 

 

where kx1, kx2, and ky are respective wavenumbers of x1, x2, and y, 25 

and   
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 the imaging function is defined as:   

[Math. 12] 

. 

 5 

[Claim 19] 

 The external field response distribution visualization device 

according to any one of claims 1 to 18, wherein   

 the information processing circuit determines whether the 

object includes a detection target object based on the image, and 10 

when the object is determined to include the detection target object, 

outputs information indicating a location of the detection target 

object or the object to an external terminal.   

 

[Claim 20] 15 

 An external field response distribution visualization method of 

generating an image showing an external field response distribution, 

which is a distribution of responses to an external field, the external 

field response distribution visualization method comprising:   

 inducing, by an induction circuit, a first field component from 20 

each of induction positions defined outside of an object as positions 

relative to the object;   

 sensing, by a sensor, at each of sensing positions defined 

outside of the object as positions relative to the object, a strength of 

a field including a second field component induced from the object by 25 

the first field component, to sense the strength of the field at the 

sensing positions for each of the induction positions; and   

 obtaining a sensing result of the strength of the field and 

generating the image showing the external field response 

distribution of an area including an interior of the object based on the 30 

sensing result, wherein   

 the obtaining and generating includes:   
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  calculating an induction position dependent field 

function that takes a virtual induction position and a virtual sensing 

position as inputs and outputs a strength of the field at the virtual 

sensing position, using the sensing result as a boundary condition;   

  calculating an imaging function that takes an imaging 5 

target position as an input and outputs an image intensity at the 

imaging target position, and is defined based on a strength output 

from the induction position dependent field function in response to 

inputting the imaging target position, as the virtual induction 

position and the virtual sensing position, into the induction position 10 

dependent field function; and   

  generating the image based on the imaging function.   
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