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Since a magnetic field is inherently invisible, it is useful to develop effective-teaching materials which can make beginning 

electromagnetics-learners imagine a magnetic field. We have previously developed a method to combine Augmented Reality (AR) 

technology and real-time simulation to visualize an electromagnetic field, however this visualization system cannot depict an actual 

magnetic field. Therefore, we have newly developed a teaching material to measure an actual magnetic field distribution by using many 

3-axis magnetic field sensors, and we have studied a method to effectively visualize a magnetic field. In this paper, we report a 

developed hardware configuration and software functions. This developed visualization system utilizes AR technology, and it is 

possible to observe a measured magnetic field in 3D space. 

 

Index Terms— Augmented reality, magnetic sensor, visualization. 

 

I. INTRODUCTION 

LECTROMAGNETICS is a foundation in the discipline of 

electric, electronic and information engineering, and it is 

an important academic field. As teaching-material 

development in electromagnetics education, we had previously 

developed a magnetic field visualization system using 

Augmented Reality (AR) techniques [1-3]. Since it is difficult 

to instantaneously measure the magnetic field distribution, 

these visualization systems do not measure the actual 

magnetic field. Tuan et al. have studied a method of 

visualizing a magnetic field using hall sensors [4]. However, 

due to a small number of hall sensors, it is impossible to 

measure enough amount of 3-axis magnetic fields in order to 

build a vector field distribution map. In this paper, we report 

on the development of a 3-axis magnetic field sensor board 

and software to three-dimensionally visualize a magnetic field 

with combination of AR technology and magnetic field 

measurement data. 

II.  DEVELOPED MEASUREMENT AND VISUALIZATION SYSTEM 

The developed sensor board consists of 150 3-axis magnetic 

sensors arraying on 10 × 15 vertically and horizontally. The 

embedded magnetic sensors can simultaneously measure a 

magnetic field intensity map in 3-axis directions. In addition, 

the measurement data of every sensor can be acquired using 

an I2C bus with serial communication. The integration of 

sensor measurement data and the control of measurement are 

executed with a FPGA. 

This measurement board device can receive communication 

with a PC and power through a USB cable. Therefore, the 

device operates with only one PC connecting with a USB 

cable. The developed applications on the PC use control 

libraries to communicate with the device. The control libraries 

can be easily used with C ++ or C # applications, and they can 

also be used with Unity, which is a freely-distributed game 

engine. The magnetic field is measured 50 or more times per 

second, and it is possible to apply the measurement data to AR 

applications. Figure 1 shows the Hall sensor and the sensor 

board embedded with Hall sensors. The configuration of the 

sensor board connecting with the PC is illustrated in Fig. 2, 

together with a photo. Table I lists the specifications of the 

developed sensor board. 

 

   
Fig. 1. Hall sensor (left) and sensor board embedded with Hall sensors (right). 

 

  
Fig. 2. Configuration of hardware connecting with PC and its photo. 

 
TABLE I 

SPECIFICATIONS OF DEVELOPED SENSOR BOARD 

Communication interface 

3-axis magnetic sensor 

Board dimensions 

Number of sensors 

Sensor interval 

USB 2.0 

AK09970N 

200 mm × 300 mm 

150 (10 × 15)  

20 mm 

 

E 



 
Fig. 3. Visualized 3D magnetic field distribution on sensor board. 

 

For recognition of AR markers, Vuforia, which is a 

development library of AR software, is used. This library can 

register arbitrary markers. Also, Unity is used to generate 

magnetic field visualized images. 

As a calibration process, it is necessary to put an AR marker 

on the sensor board and register it so that the position of the 

sensor board is specified from the camera image. And then, as 

a main process, the developed system visualizes the 

measurement data with color, cone, etc. and combines it with a 

captured camera image. As a result, it is possible to observe 

the 3D magnetic field map on the sensor board (Fig. 3). 

III. 3D SCAN OF MAGNETIC FIELD 

Since the sensor board measures three-dimensional vector 

field data, it is possible to scan a vector magnetic field in 

three-dimensional space by moving the sensor board (Figs. 4 

and 5). In order to obtain three-dimensional vector data, 

virtual voxels are set in the space, and the sensor is moved to 

measure the magnetic field for each voxel. By using this 

function, the magnetic field map not only on the 2D board 

surface but also in the 3-D space can be observed. 

Furthermore, when a permanent magnet is registered with an 

AR marker, it is also possible for a user to move the marker 

and to observe the magnetic field at the viewpoint he/she 

wants to see (Fig. 6). In addition, streamlines can also be 

drawn from three-dimensional magnetic field data. 

 

 

 
Fig. 4. 3D magnetic field scan function. A user moves sensor board and 

magnetic field in 3-D space is scanned. 

 

  
Fig. 5. A user vertically moves sensor board, and magnetic field at each voxel 

is stored. Magnetic field map built form measured data is visualized. 

 

 
Fig. 6. Magnetic field can be three-dimensionally spatially observed with 

colored cones after scanning. 

 

 
Fig. 7. Streamlines can also be drawn from three-dimensional magnetic field 

data. 
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