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Two- or three-dimensional visualization of magnetic flux density distribution around sources is quite informative for
understanding the field environment intuitively. Measurement of magnetic flux density, as well as positioning of measuring
points in space, has to be performed in a short time because temporal variation in the source current results in different field
environments. It is also valuable to obtain the frequency spectrum of the magnetic field simultaneously at the time of field
measurement, especially for sources generating high-frequency components like inverter-driven equipment. This paper develops
a high-performance magnetic field sensor which satisfies the above requirements. And, as an application of it, the magnetic field
visualization system using the augmented reality (AR) technique is proposed by combining two sensors: one is a magnetic field
sensor described above, and the other is a Kinect sensor which has a skeleton tracking function as position determination.

1. Introduction

Visualization of the magnetic field is an effective measure to
understand the field environment intuitively. Some papers
treated this topic. For example, an interactive visualization
system for fast and easy perception of electromagnetic force
and electromagnetic field distribution [1], a real-time visual-
ization system which can provide the drawing of the mag-
netic field generated by a bar magnet and ferromagnetic
material [2], and interactive visualization of electromagnetics
for engineering education programs [3] have been proposed.

Quantification of the magnetic field has been made by
spot measurements around household appliances [4–6] and
power facilities [7–11]. Magnetic flux density and/or its
frequency characteristics at measuring points have been
reported in these researches, but planar or spatial distribu-
tion of magnetic flux density around sources has been

scarcely evaluated. One of the reasons is that it is a time-
consuming and tedious work to carry out spot measurement
many times at various points in space. Another reason is that
a short-time measurement is required in some cases because
magnetic field distribution is bound to change due to tempo-
ral variation of current flowing in sources.

The authors proposed a novel system using Kinect to
visualize the magnetic field environment around sources
and its effectiveness was confirmed by performing some
experiments in the laboratory [12]. The system is unique
and promising because spot measurements in space of inter-
est can be carried out in a considerably short time compared
with conventional measuring procedures and visualization
of field distribution can be achieved. The sensor has a disad-
vantage that the frequency range is below 1kHz. In case of
the measurement of the magnetic flux density generated
from electrical equipment driven by commercial frequency,
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this range is acceptable. However, it is unavailable for the
measurement of the magnetic flux density generated by
inverter-driven electrical equipment.

Some meters are available for measurement of magnetic
flux density up to 400 kHz [13, 14]. In these meters, magnetic
flux density can be obtained but its frequency spectrum is
unavailable. Data have to be recorded in a PC with the dedi-
cated software after transferring them from meters to a PC
via a cable. The dimensions of the sensor probe are rather
large, which is suitable to obtained magnetic field character-
istics around power equipment. The field environment gen-
erated by a small source like a household appliance is not
necessarily evaluated satisfactorily.

In order to understand the magnetic field environ-
ment around household appliances in detail and to propose
the new visualization system, in this paper, first, a high-
performance magnetic field sensor is developed. The fre-
quency range of the sensor is from 30Hz to 400 kHz. And
this sensor can indicate both the resultant magnetic flux
density and its frequency components simultaneously. This
sensor enables to store data in an external PC by transferring
them with Wi-Fi as well as in a USB memory inserted to the
USB port on the front of the detector. Next, as an application
of this magnetic field sensor, a magnetic flux density visual-
ization system is developed by using the AR technique. AR
is a technology for achieving a more realistic expression,
which enables adding information created by a computer
on an actual scenery, landscape, etc. This visualization sys-
tem with the AR technique is realized by combining the
developed magnetic field sensor and the Kinect sensor, which
has the tracking function. Finally, the usefulness of the
visualization system based on the AR technique is verified
through some experiments.

2. Development of a Magnetic Field Sensor

2.1. Structure of Specification of the Magnetic Field Sensor.
The appearance of the developed magnetic field sensor is
shown in Figure 1. This sensor consists of three parts: a
detector, a probe, and a switch to trigger measurement. The
size of the detector’s body is 210 W × 230 D × 90 H mm
and the weight including the probe is 2150 g.

The frequency range is from 30Hz to 400 kHz and the
measurement range of the sensor is set from 0.2 to 200 μT.
The error of the sensor is designed to be less than 2% and it
is confirmed by calibration using a Helmholtz coil.

In the detector, a Raspberry Pi [15] is adopted as a pro-
cessing computer. The Raspberry Pi is a kind of computer.
Though it is very small, various functions and some ports,
such as a USB and Ethernet, are equipped. An operating
clock of Raspberry Pi is from 900MHz to 1GHz, while that
of a microcomputer is several 10MHz. Thus, the Raspberry
Pi can perform high-speed calculation compared with the
microcomputer in signal processing and processing of the
input and output of data.

The power of the sensor is supplied from AC100V or a
portable battery for cell phones. Since this detector’s body
weight is about 2 kg, it can be used as a portable sensor with
the battery.

Commencement of measurement is triggered by the
switch. Two types of switch are prepared: one is a push
switch and the other is a toggle switch. The push switch is
for one-shot operation, and the toggle switch is for long-
time, continuous operation. A user easily selects the switch
according to a purpose.

2.2. Signal Processing. The flow of the signal processing of the
magnetic field sensor is shown in Figure 2. First, the signal of
the magnetic flux density is detected by the probe. It is con-
verted to a digital signal through an A-D converter and is
taken in the Raspberry Pi. Raspberry Pi can use a free soft-
ware: PYTHON. PYTHON is a programming language
which has become popular recently in the field of computa-
tional science; it has characters that make programming
easier and a smaller number of lines than programming
language C. In this sensor, the FFT analysis is available with
PYTHON. Not only the resultant magnetic flux density but
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Figure 1: Magnetic field sensor.
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Figure 2: Flow of signal processing of the magnetic field sensor.
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also its frequency spectrum can be calculated. Finally, both
the frequency spectrum and the value of the resultant mag-
netic flux density are displayed on the LCD of the detector,
as shown in Figure 3. In the display of the FFT spectrum, a
common logarithm is used in the scale of the horizontal
and the vertical axes.

When a USB memory is inserted into the USB port in the
front of the detector, Raspberry Pi recognizes it and mea-
sured data are saved automatically in a text form.When mea-
surement is repeated, data can also be stored in a hard disk in
an external PC by transferring them with Wi-Fi.

3. Visualization System

3.1. Structure of the Visualization System. As an application
of the abovementioned magnetic field sensor, the visualiza-
tion system of the magnetic field is proposed. The structure
of the proposed visualization system is shown in Figure 4.
It consists of three parts: the magnetic field sensor, a Kinect
sensor, and a PC.

The magnetic flux density at various spots is measured by
moving the probe. Then, the resultant magnetic flux density
and its frequency components are calculated inside the mag-
netic field sensor. These data are combined into one file and
the transmission packet is generated and stored in the spe-
cific folder in the Raspberry Pi. Once the PC confirms a file
in the specific holder by wireless communication with the
sensor, the file is sent to the PC automatically. FFT analysis
in the sensor is one of features of the present system, which
enables load reduction on the PC during image processing
for visualization and indication of the result on a monitor
in a short time.

For wireless data transmission between the magnetic field
sensor and the PC, both Wi-Fi and Bluetooth are conceiv-
able. Wi-Fi enables a faster communications, better range,
and better wireless security than Bluetooth. To achieve the
visualization system, a high data transfer rate is required.
For this reason, Wi-Fi is adopted in this visualization system.

However, Wi-Fi standardly equipped in the Raspberry Pi
cannot be used because data transmission is blocked by
the detector’s case body. In order to avoid this, an external
Wi-Fi dongle is used by inserting into the USB port in the
front surface of the magnetic field sensor.

3.2. Kinect Sensor [16]. This visualization system of the mag-
netic field is realized by using a Kinect sensor. A Kinect sen-
sor is one of the motion capture sensors and was released by
Microsoft in 2011. It has both an RGB camera and a depth
camera and is capable of obtaining information on both
the human’s skeleton position and the actual background
image. Since a Kinect sensor has a function of skeleton track-
ing, the position of a human’s skeleton can be identified con-
tinuously by following the movement of the human body.
Furthermore, it is inexpensive; the Kinect sensor became
familiar among many researchers to analyze the positioning
in various fields [17, 18]. Kinect for Windows SDK is also
provided as a software development kit. By using Kinect for
Windows SDK and based on a depth information obtained
from the depth sensor, the human target is extracted as an
image. Also, three-dimensional coordinates of his/her 20
joints can be obtained and indicated in the image. Hence-
forth, both the Kinect for Windows and Kinect for Windows
SDK are referred as a Kinect sensor.

The proposed visualization system uses the tracking
function of a Kinect sensor. Three-dimensional positional
coordinates of the hand are easily obtained. In this system,
the position of each measurement point is determined by
the position of the hand which holds the search coil.

3.3. Data Processing by PC for Realization of the AR
Visualization. The proposed visualization system starts to
measure the magnetic flux density after the skeleton tracking
Kinect operates. The magnetic flux density at a given measur-
ing point is displayed on a PC screen by various colors
depending on its strength. This makes the visualization sys-
tem based on the AR technique possible.

Resultant magnetic
flux density

FFT spectrum

Figure 3: Example of the display.
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When the maximum magnetic flux density to be mea-
sured is expected to be less than 20 μT, gray and red
marks are used to indicate 0 and 20 μT, respectively. Blue,
light-blue, green, yellow, and orange marks are allocated to
magnetic flux densities between 0 and 20 μT. In the case of
indication of magnetic flux density of up to 200μT, a redmark
is allocated to 200μT and other colors are used similarly to
the case of 20μT. Additionally, gradation is introduced to
display the measurement results. The system requires 8 sec
for the data acquisition and the indication of a colored mark
on the monitor screen.

4. Visualization of Distribution of Magnetic
Flux Density

4.1. Visualization of the Distribution of the Magnetic Flux
Density around IH Cooking Heater-1. The usefulness of this
visualization system is verified through some experiments.
In this section, an IH cooking heater is selected as a target
equipment. When water in a frying pan is being heated on
this IH cooking heater, the magnetic flux density around

the cooking heater is visualized. The output of this IH cook-
ing heater is 3.0 kW.

Visualization results of the magnetic flux density dis-
played on a PC are shown in Figure 5. In this figure, yellow
lines and red circles on the body are skeletons and joints,
respectively, recognized by Kinect. Magnetic flux density is
shown by a color mark as described in Section 3.3; consider-
ing the maximum magnetic flux density obtained, red is allo-
cated to 20 μT. The operator holds the probe in his/her left
hand and pushes the switch with the right hand. Though
the magnetic field sensor is portable, it is put on the desk dur-
ing this experiment. According to Figure 5, it can be easily
realized that a high magnetic flux density is recorded in the
area close to the coil of the IH cooking heater. In this way,
by utilizing the latest AR technology actively, valuable infor-
mation can be added to the actual image of a measuring site;

Kinect sensor

· Real-time image
· Distance information

PC

Measured magnetic
flux density

Data communication function (Wi-Fi)

Detector

Probe

Figure 4: Structure of the visualization system.

IH cooking heater

Magnetic field
sensor 

Figure 5: Visualization of the magnetic field of the area around the
IH cooking heater.
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Figure 6: Setting of the coordinate system of IH cooking heater-1.
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it becomes possible to visualize the invisible physical quanti-
ties like magnetic field flux density.

As mentioned above, this system can record both the
magnetic flux density and the three-dimensional coordi-
nates of the measurement points. The coordinate system
is set as shown in Figure 6. “Width” is taken in the direction

of the distance from the front of the cooking table toward the
back. “Width” is set to be zero at the front of the cooking
table. “Height” is taken in the direction of the vertical axis.
“Height” is set to be zero at the surface of the cooking table.
“Depth” is set in the direction of the distance from the
Kinect sensor.
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Figure 7: Three-dimensional distribution of magnetic flux density generated by IH cooking heater-1.
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Figure 7 shows the three-dimensional distribution of
the magnetic flux density around the IH cooking heater.
Magnetic flux density at 492 measurement points is indi-
cated. The circle in this figure means the position of the IH
cooking heater. Figure 7 reveals that the magnetic flux den-

sity gets smaller as the measuring point leaves from the IH
cooking heater.

Furthermore, two-dimensional distribution of the mag-
netic flux density is shown in Figures 8 and 9. These figures
display the magnetic field density obtained in a half space
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Figure 9: Two-dimensional distribution of magnetic flux density in the area where someone who cooks food stands (width-height).
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of negative width (in front of the cooking heater where a cook
is expected to stand). The maximum magnetic flux density is
less than 12 μT. In order to show distribution of magnetic
flux density clearly, in Figures 8 and 9, a red mark is allocated
to 12μT and the gradation display is used depending on
magnetic flux density. In Figures 7–9, the distribution of
the magnetic flux density around the IH cooking heater can
be easily recognized visually; the value is not high in the
cooking space.

Magnetic field measurement is carried out at arbitrary
spots in the present study, which are located discretely
and randomly in space. Thus, the magnetic fields shown
in Figures 7–Figure 9 are not consecutive (the same as
in Figure 10).

4.2. Visualization of the Distribution of the Magnetic Flux
Density around IH Cooking Heater-2. Another IH cooking
heater (2.0 kW) is also targeted. This IH cooking heater was
manufactured more than 10 years ago and is much older than
IH cooking heater-1. A smaller pan is used to fit the coil size
of the IH cooking heater, and measurement of magnetic flux
density is carried out.

The three-dimensional distribution of the magnetic flux
density around IH cooking heater-2 is shown in Figure 10.
Magnetic flux density at 492 measurement points is indicated.
In this figure, the solid-line circle means the position of the
IH cooking heater and two dotted lines mean the upper
and lower edges, respectively, of the pan.

According to Figure 10, high magnetic flux density is
observed in some points, especially in the area close to the
IH cooking heater’s plate and the side of the pan. At several
points, magnetic flux density exceeds 100 μT. Though the
magnetic flux density is high around the IH cooking heater,
it is low in the cooking space.

This magnetic field sensor can measure both the mag-
netic flux density and its frequency components. The fre-
quency spectrum of the magnetic field is available at any
point and at any time once turning on the switch connected
to the detector’s body. This function is valuable especially
in the cases when frequency components of magnetic field
depend on location and/or time of measurement.

In general, the main operating frequency of the IH cook-
ing heater is between 20 and 50 kHz. The developed magnetic
sensor covers the frequency range. It is a potentially powerful
tool to investigate characteristics of magnetic flux density
during the period that an IH cooking heater starts to operate
and reaches the constant fire power.

Figure 11 shows the change of the frequency spectrum
in the range of 10 and 100 kHz, which is obtained at the
point of the edge of table of the IH cooking heater. It is
clearly confirmed that both the frequency component of
magnetic flux density and its magnitude change depending
on the level of fire power. This is the selling point of the
proposed system, which will be especially useful for charac-
terization of magnetic flux density generated by an inverter-
fed apparatus/appliance.
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Figure 11: Change of magnetic flux density and operating frequency depending on fire power.
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4.3. Visualization of the Distribution of the Magnetic Flux
Density around the Vacuum Cleaner. When the industrial
vacuum cleaner is operating with strong suction, the visu-
alization of magnetic flux density around it is performed.
The result is shown in Figure 12. This visualization system
reveals that the magnetic flux density is strong around the
top of the vacuum cleaner and the maximum value is
17.4 μT. Furthermore, the frequency spectrum at the point
is shown in Figure 13. According to this figure, it is clear
that currents at 60 and 180Hz are predominant frequen-
cies in this vacuum cleaner.

5. Conclusions

The authors developed a high-performance magnetic field
sensor. The frequency band of the sensor is from 30Hz to
400 kHz; this sensor can calculate both the resultant magnetic
flux density and its frequency components simultaneously.
They are displayed on the LCD of the detector; measured
results are stored in the USB memory inserted into the port

on the front of the detector. Raspberry Pi installed in this sen-
sor realizes fast and reliable data transmission via Wi-Fi,
visualization of measurement results in a short time, and
reduction in cost.

Next, as the application of the magnetic field sensor, the
visualization method with the AR technology was proposed.
The AR technology is a technique that allows virtual imagery
to be combined with the real world. As a core technology, the
skeleton tracking function of Kinect is used. Based on this
tracking function of Kinect, an inexpensive visualization sys-
tem was also proposed.

Finally, several experiments were carried out and the dis-
tribution of the magnetic flux density was visualized. More-
over, the operating frequency was also identified in a short
transient period when fire power of a household appliance
changes. This developed magnetic field sensor and the visual-
ization system are particularly expected to be applicable for
the analysis and the evaluation of electrical equipment.

However, there are some problems in this system. In
regard to the magnetic field sensor, the measurement inter-
val is restricted by the speed of the processing unit of the
Raspberry Pi. Acceleration of the processing is necessary
to improve the performance of the visualization system.
Concerning the visualization system, the skeleton tracking
function does not operate correctly when an object exists
between the hands holding the probe and the Kinect sen-
sor. Predicting the position of the hand during the tracking
function stops is a future work.

Furthermore, as shown in Figures 7–10, there are points
where no measurement result is shown. In order to obtain
continuous positional distribution of the magnetic field, the
magnetic field has to be measured at many points close to
each other. The alternative is to calculate the magnetic field
at a point without the measured value by interpolation using
the magnetic field at adjacent measuring points. This is also a
future work.
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