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Abstract — In aeromagnetic survey, it is required to install high-precision magnetometer in the plane. However, due to the 
existence of unavoidable ferromagnetism and metal material on the plane and changes of plane course and moving attitude, it will 
interface with large and non-detecting objective disturbing magnetic field. Therefore, to ensure the magnetometer can generate 
accurate measurement results, it is required to eliminate such interference. This paper uses the method of geomagnetism 
interference compensation and software compensation for magnetic interference compensation. Firstly, this paper analyzes the 
type and characteristics of disturbing magnetic field generated in aeromagnetic survey by describing the fundamental principles of 
causing magnetic interference and build relevant mathematic model, then the paper design can be implemented in hardware. 
Finally, the paper verifies the effectiveness of proposed method through tests. 
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I. INTRODUCTION 

The magnetic prospecting refers to one geophysical 
prospecting method researching geologic structure and 
distribution rule of mineral resources by observing and 
analyzing the magnetic anomaly caused due to magnetic 
differentiation, such as rock. The magnetic prospecting 
method mainly includes ground magnetic survey, 
aeromagnetic survey, marine geomagnetic survey and 
borehole magnetic survey. These four methods can be 
respectively applied to different magnetic survey 
environment. The aeromagnetic survey refers to the 
measurement carried out for all regions passed in flying by 
installing the high-precision magnetometer. At the present, 
the aeromagnetic survey holds an important position in 
magnetic prospecting. Due to the existence of magnetic 
material in the plane, the implementation of aeromagnetic 
survey will cause large disturbing magnetic field as result of 
different flight course and flight attitude. Such magnetic field 
interference will affect the measuring results of high-
precision magnetometer and has no obvious characteristics. 
Such interference will be difficult to be eliminated by 
filtering. Therefore, in order to ensure the accuracy of 
aeromagnetic survey results, the compensation technology 
must be used to compensate such interference for achieving 
the goal of elimination and such compensation technology is 
called as aeromagnetic compensation technology. 

The paper designs the dipole-based magnetic field 
prospection method for quad-rotor unmanned aerial vehicle, 
carries out hardware design and implementation and finally 
verifies the effectiveness of proposed hardware design 
method through test. 

II. MAGNETIC FIELD PROSPECTION PRINCIPLES 

OF QUAD-ROTOR UNMANNED AERIAL VEHICLE 

A. Working Principles of Quad-rotor Unmanned Aerial 
Vehicle 

The traditional helicopter controls its flight direction by 
changing the propeller blade deflection, but the quad-rotor 
unmanned aerial vehicle controls its flight direction by 
changing the rotation speed of four propellers. The arrow 
direction in the following figure is assumed as forward 
moving direction of unmanned aerial vehicle. 

Fig. 1 indicates the propeller rotation mode in vertical 
ascent of unmanned aerial vehicle. The rotation speed of four 
propellers should be simultaneously increased to generate 
upward lift force to fuselage and make the unmanned aerial 
vehicle ascend upwards in vertical direction. When the quad-
rotor unmanned aerial vehicle descends, the rotation speed of 
four propellers should be simultaneously decreased. 

 

Figure 1. Rotation mode of propeller in ascent 



BIN ZHANG et al: ELECTROMAGNETIC COMPATIBILITY CONDUCTION AND RADIATION TEST OF MULTI … 
 

DOI 10.5013/ IJSSST.a.17.42.53                                               53.2                                 ISSN: 1473-804x online, 1473-8031 print 

 

Figure 2. Rotation mode of propeller when horizontally rolling towards the 
right 

Fig. 2 indicates the propeller rotation mode when the 
unmanned aerial vehicle rolls towards the right. Increase the 
rotation speed of propeller 2, decrease the rotation speed of 
propeller 4 and keep the propeller 1 and 4 in the same 
rotation speed. Make the reverse twisting force sum of four 
propellers generated to unmanned aerial vehicle turn into 
zero and in this way the unmanned aerial vehicle can 
generate horizontal rolling motion. If the unmanned aerial 
vehicle is required to generate pitching motion, simultaneous 
make the reverse twisting force sum of four propellers 
generated to unmanned aerial vehicle turn into zero. 

B. Dipole Localization Foundation 

The AC magnetic dipole is a small circular current with 
radius of a, the perimeter of circular ring is much less than 
wave length   and the time-harmonic current of circular 
ring is same with phase position in all aspects. The magnetic 
dipole is the basic radiating element, also known as magnetic 
short dipole. It can be known from the literature that when in 
the region close to magnetic dipole, as r  is very small 
( 1r , 2r   ), the near-field region is approximate to: 
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where I refers to current value, S refers to circular ring 
acreage of magnetic dipole, p IS  and n refers to unit 
vector of direction. In r a , the magnetic field distribution 
for static magnetic field of magnetic dipole is: 
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From the alternating magnetic field and static magnetic 
field distribution of magnetic dipole, it can be known that 
when 2a r    is satisfied, the alternating magnetic 

field is equivalent to static magnetic field and the 
computational formula of magnetic field is: 
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It assumes that one magnetic dipole is in origin of 
coordinates. Its magnetic dipole moment is denoted as p. Set 
r as vector quantity of three-dimensional space pointing to 
sensor position, thus the magnetic induction intensity in r can 
be expressed as: 
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Where | |r r  refers to the distance of sensor to magnetic 
field. The magnetic field in r ndr  is shown in Fig. 3. it can 
easily get: 
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Figure 3. Schematic Diagram of Differential Relation of Magnetic Field 

As the relation of n with p is same with r ndr , the 
direction of B is parallel to B  and the value is inversely 
proportional to 3r  along with the direction of n. The total 
differential is: 
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On the other hand, the difference of vector B can use 
magnetic field gradient and can be written as: 
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Work out r nr  and get: 

 

1
    

3     

    

x x y x z x x

x y y y z y y

x z y z z z z

B B B B

r B B B B

B B B B


     
          
        

 (9) 



BIN ZHANG et al: ELECTROMAGNETIC COMPATIBILITY CONDUCTION AND RADIATION TEST OF MULTI … 
 

DOI 10.5013/ IJSSST.a.17.42.53                                               53.3                                 ISSN: 1473-804x online, 1473-8031 print 

Signal 
generator

Boosting 
transform

er

Magnetic 
dipole

Receiving coil
Pre-

amplification

Switched 
capacitor 
filtering 

Post-
amplification

Oscillosc
ope 

 

Figure 4. Block diagram of overall design 

 

III. HARDWARE CIRCUIT DESIGN 

A. Overall Design 

The hardware circuit is divided into radiating portion and 
reception amplification portion of magnetic dipole. The 
block diagram of overall design is shown in Fig. 4. 

The magnetic dipole of radiating portion is resistive, the 
direct current resistance R is equal to 140Ω ( 140R   ) and 
the inductance is shown in Table 1 with change of frequency. 

TABLE 1. SHEET OF CHANGE OF MAGNETIC DIPOLE 

INDUCTANCE VALUE 

Frequency (kHz) 1 10 

Inductance (mH) 38.7 45.2 

When the frequency is about 10 kHz, the inductive 
reactance value of magnetic dipole can reach at several 
decades, even hundred k . As the signal generator is 
adopted to provide the circuit, and the signal generator is 
voltage type output, the current will be very small if the 
direct output is adopted. Therefore, the measures should be 
taken to increase voltage or decrease impedance to increase 
current. 

B. Pre-amplification Portion 

The function of pre-amplification is to increase signal to 
noise ratio; the amplifier must have low noise. The amplifier 
used for INA163 and manufactured by TI Company should 
be adopted. Such amplifier has low noise and low 
temperature excursion and noise level lnV Hz . Such 
amplifier can adjust times of amplification only by changing 
one external resistor. The circuit connection is shown in Fig. 
5. 

 

Figure 5. Wiring diagram of pre-amplification INA163 

In Fig. 5, the coil signal is input from terminal 4 and 5. 
The amplifier is powered up by  15V. The function of R1, 
L1, R2 and L2 is to prevent the output resistance less than 
self-oscillation caused by 10  signal amplification. The 

inverted input terminal is grounded through 4 4.7R k  to 
provide input bias current for the amplifier and make it can 
normally amplify. C1 and C2 are decoupling capacitor. The 
circuit is sensitive to noise, so the devices selected have low 
noise. The resistance is metal film resistance and the 
capacitance is low-noise CBB capacitance. As input 
resistance of INA163 is very high (about 60M  ), the 
impedance matching is not required to consider. 

C. Filter Design 

The filter commonly used includes RC active filter, LC 
filter, and ceramic filter and switched capacitor filter. The 
first two filters have poor stability and its characteristic 
frequency cannot be easily adjusted. The ceramic filter has 
good stability, but its frequency cannot be adjusted. The 
switched capacitor filter has good stability, and its frequency 
and its characteristic frequency can be adjusted by changing 
clock, but it is required to additionally increase clock 
frequency. Finally, it is determined to adopt switched 
capacitor filter and LTC1060 to form band-pass filter. The 
circuit connection is very easy; the pass-band gain and Q 
value can be changed only by three resistors. The peripheral 
circuit can effectively reduce noise. The circuit is shown in 
Fig. 6. 

 

Figure 6. Filter design 

D. Post-amplifier Design 

The signal frequency after filtering has simple 
composition, but the value of amplitude is lower and 
required to be further amplified. The in-phase proportion is 

adopted to amplify circuit 13

14

1
R

G
R

  . The amplifier adopts 

OP27 with higher band width. The circuit is shown in Fig. 7. 
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Figure 7. Post-amplifier design 

IV. EXPERIMENTAL ANALYSIS 

The feedback circuit diagram in this test is shown in Fig. 
8. The Laplace transform of current flowing through 

feedback coil is 1
1 2 2

1 1
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   . The transfer 

function of feedback network is: 
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After reckoning in internal resistance cR  of feedback coil, 
the transfer function of feedback network is: 
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Figure 8. Feedback circuit 

Assume that position for compensation flying is in 
Changchun, the geomagnetic field is 0 54189T nT  and the 

geomagnetic inclination is o
0 60 36  , set the pitching flying 

of plane as standard sine maneuvering and the swing flying 
as standard cosine maneuvering. Carry out simulated 
compensation flying and can get the following data (partial), 
as shown in Fig. 9: 

Use the compensation factor obtained to make magnetic 
field compensation and compare with the true value to judge 
whether the compensation algorithm is feasible and whether 
the compensation effects reach standards. After using matlab 
to get each compensation factor, the three components xT , yT , 

zT  of geomagnetic field compensated in plane coordinates 
can be calculated. Then according to the current flight 
attitude, use the corresponding cosine formula, the 
geomagnetic field T can be worked out. 

Transverse magnetic field of plane (unit: nT)

Longitudinal magnetic field of plane (unit: nT)

Vertical magnetic field of plane (unit: nT)

Total magnetic field

Geomagnetic field

Total magnetic field

Geomagnetic field

Total magnetic field
Geomagnetic field

 

(a) Flying towards east   

Transverse magnetic field of plane (unit: nT)

Longitudinal magnetic field of plane (unit: nT)

Vertical magnetic field of plane (unit: nT)

Total magnetic field

Geomagnetic field

Total magnetic field

Geomagnetic field

Total magnetic field

Geomagnetic field

 

(b) Flying towards west 

Figure 9. Size of magnetic field 

It can be seen from Fig. 9 that the geomagnetic field on 
three coordinate components in plane coordinates after 
compensation is not completely superposed with the actual 
geomagnetic field, but it has basically reached the 
compensation standards. Therefore, it is proved that such 
magnetic field inspection method is feasible. 

V. CONCLUSIONS 

This paper puts forward an aeromagnetic measurement 
method based on unmanned aerial vehicle, designs magnetic 
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field and its space gradient sensor and puts forward the 
method of detecting magnetic component by using three 
coordinate axes in the plane coordinates on the basis of 
property of plane interference. After passing the feasibility 
test, such aeromagnetic measurement method can be applied 
into the actual flying of plane. If the more accurate computer 
is used, it can not only increase the accuracy of such method, 
but also increase the speed of numeric calculation. Although 
the final results in this paper reach the feasibility standards, 
there still have many deficiencies existed. To meet the higher 
accuracy requirements, such method is required to be 
continuously improved to achieve the expected goal. 
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