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Abstract. The track fluctuation of helicopter pod used for magnetic survey can cause interference
with magnetic field measurement results. By simulating the small fluctuation of inclination angle
and drift angle, the pod track fluctuation in airborne coordinate system and the helicopter track
fluctuation in geodetic coordinate system are analyzed in detail, and the track fluctuation model is
established and calculated in a simulated environment. Results indicate the magnetic interference
rules of the track fluctuation, and can provide a theoretical support for magnetic interference
compensation.

1 Introduction

At present, the aeromagnetic survey technology has been widely used in civil and military fields.
In civilian areas, it is mainly used in resource exploration, geological survey and geomagnetic
navigation applications, and in military areas mainly in anti-submarine with airborne magnetic
anomaly and geomagnetic navigation. When magnetic anomaly detection used in helicopter
platform, it has advantages of high efficiency, passive detection respect to the acoustic detection
means, and compared to other sports platform, it has advantages of high precision, and less effect of
taking off and landing conditions, and so on.

Relative to the earth coordinate system, as the effect of aircraft's maneuvering and crosswind, the
pod latitude fluctuation and altitude fluctuation occurs, and inevitably leads to the magnetic
interference while measuring. This interference is an important part of the helicopter platform
background magnetic interference. To measure the magnetic anomaly in high precision, it must first
analyze and compensate the various background magnetic interferences. Liu et al.” and Zhou et al.’
respectively analyzed the background magnetic interferences of fixed-wing aircraft and unmanned
aerial vehicle (UAV), established the relevant models and compensate the interferences. But these
methods are not completely suitable for helicopter magnetic pod. Therefore the main work of this
paper is to analyze track fluctuation of the helicopter magnetic pod, and model the magnetic
interference, which can provide theoretical basis for the subsequent background magnetic
interference compensation.

2 Track fluctuation model

Pod track fluctuation is consisting of two parts: pod track fluctuations in airborne coordinate
system and the aircraft track fluctuation in geodetic coordinate system.
2.1 Pod track fluctuations in airborne coordinate system

In Fig.1, OXYZ is the airborne coordinate system. Regard the suspension point O, as the origin,
the geomagnetic coordinate system O, X,Y,Z, is established.
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Fig.1 coordinate systems schematic

The helicopter is assumed to fly in straight line, and 6, is the average magnetic heading. As the
wind resistance of pod rope is small, the rope OB can be approximately equivalent to a straight
line with length L .Pod inclination | is the angle between rope and the horizontal plane, and pod
deflection is the angle between the magnetic north and the projection in the horizontal plane of the
rope.

If the helicopter flies ideal smoothly, there will be 1=70"and ¢=6,. And when the flight has
slight fluctuation, it can be read as that the inclination and deflection are a constant value with an
addition of a small variable. The magnetic declination of measurement point is &, , the coordinates of
O, in airborne coordinate system are (a,b,c) , and (6.1) can be measured directly. So the coordinates
of the pod in airborne coordinate system can be written as

X=L-cosl-cos(0+6,-6,)+a
y=L-cosl-sin(@+6,-6,)+b (1)
z=L-sinl+cC

Taking inclination for example, we can simulate the fluctuations by models. Assuming the three
kinds of center maneuvering frequencies of the helicopter as f, =0.1H, | include pitching, rolling and
yawing, frequency sequence f; =i*f, /10, i=12..,N N =20, can be obtained.

The small change of inclination can be expressed as a combination of changes (Al,,AlLL ,Aly)
in each frequency. According to the realistic environment, we set the max inclination
Al,, =5° when f,=0.1H, . Then the small change Al,=Al,-F | where F =exp(-4(f,—f,)’/f}) ,

Al =Al, /G ~0401Al,, and G =" F .

Then model of the small change of inclination can be written as follows:
Al (t):iAlisin(Zﬁfit+(p“)+e, (t) (2)
i=1

where ¢;is a random phase distributed evenly in (0,27),€()is a random noise obeying the
normal distribution N(0,07),07 =Al}/2K* | and K is signal-noise ratio.
2.2 Latitude fluctuation model

Latitude fluctuation of pod track in geodetic coordinate system is the north offset of pod
displacement, including the offset of flight track and of the pod relative to the aircraft caused by pod
swing. It can be showed as X =X, +X; .

(1) North offset of pod displacement

p 4
Magneticjnorth /X

Flight derection

Fig.2 North offset of pod displacement
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As the wind and sling tension, the pod swings around. In Fig.2, AxandAY can be obtained by
doing subtraction between Eq.1 and Eq.1 in addition of small fluctuation, then the north offset of
pod displacement can be derived as follows:

Xy = —AXsin g, — Aysin §; = —(AX+ Ay)sin 6, 3)
(2) North offset of flight track

V,is the flight velocity, 6,is the average magnetic heading, and 6, is the yaw angle, then the
north velocity Vy can be written as follows:

Vy =V, cos(8, +6,) =V, cos, cos &, =V, sin§, sin 6, =V, cos b, —V,6, sin b, (@

0, can be obtained from the model of the small change of inclination, and then the northward
component of the flight velocity and the northward displacement at k point can be written as
follows:

V,, (k) =V, cos @, =V, sin 6, - 6, (k) (5)
k

Xy (k) =V, -cos 6, - (&, _to)_Z:,Vo sing, -6, (J)At (6)
=

where At =1, -t is sampling interval.

The first item of Eq.(6) is linear function, can be removed by filter, so the offset of northward
displacement can be written as follows: )

Xey (K) = —ZVO sin, -6, ()At (7)
2.3 Altitude fluctuation model -

Altitude fluctuation of pod track in geodetic coordinate system includes the altitude fluctuation
of flight track and of the pod relative to the aircraft caused by pod swing. It can be showed
as Xy = Xy + X .

(1) Altitude fluctuation of flight track

0, is the pitch angle, and V,, 6, are the above. Then the flight altitude variation at k point can

be written as follows:

k
Xon :h(k):V(];Hp(j)-At (8)

(2) Altitude fluctuation of pod relative to the airborne
When the helicopter flies smoothly, the pod inclination at the equilibrium position is I , and the
small change of inclination is Al . Taking pod swinging back for example, the altitude fluctuation
caused by the pod can be expressed as follows:

X, = Lcos(%— - Lcos(%—(l —Al)) :(cos(%— I)—cos(%—l +A)L = (sin | —sin(l —Al)L )

3 Magnetic interference

According to the distribution of the geomagnetic field, the magnetic interference is mainly
caused by the latitude and altitude change of pod position. From Eq. (3) (7) (8) (9), the magnetic
interference can be derived as follows:

AB = AB, + AB,, = k,.(X,, + X)) +K;, - (X, + X;0) (10)

Where k andk are the latitude gradient and altitude gradient of the geomagnetic field in
measuring region.

In practical terms, the latitude fluctuation needs to calculate the north offset of the flight
displacement and of the pod displacement relative to the aircraft, and the altitude fluctuation can be
directly measured by radio altimeter and filtered.

4 Simulation and analysis

It is assumed that the flight speed V, =100m/s the sample frequency f, =20Hz the maneuvering
angle Al,,, =5° corresponding to the center frequency, and maximum 8°considering the random noise.
The north offset of the pod displacement and the altitude fluctuation in eight courses are shown in
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Fig.3 and 4.

From Fig.3, it is known that the north offset is between +40m . There is just no north offset when
the plane flies along the north-south direction. And along other directions, the north offset is
obvious in the yaw stage. It can be seen from Fig.4 that the altitude fluctuation is obvious in the

pitch stage, and the range is about+60m .
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Fig.3 North offset of the pod displacement
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Fig.5 North offset of the pod displacement

In order to clearly analyze the principles of the north offset and altitude fluctuation, we draw the
curve in 45° course for example, as shown in Fig.5 and 6.
If the magnetic field latitude gradientk, =5.9InT/km altitude gradientk, =-25.9InT/km  we can

obtain the magnetic interference according

1.5

20 L L L L L L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Sampling Time

Fig.6 Altitude fluctuation of the pod

to the model, which showed in Fig.7.
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Fig. 7 Magnetic interference caused by pod fluctuation
From Fig 7, the magnetic interference caused by pod fluctuation is up to£1.0nT, which is far
greater than the resolution index of magnetic detector plane, so in order to detect magnetic target in
long-distance and high-precision, we must compensate the magnetic interference.
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Magnetic survey used in helicopter platform is different from fixed-wing aircraft and unmanned
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aerial vehicle. In order to find the principles, this paper has analyzed the background magnetic
interference mechanism, simulated the small fluctuation, and set up calculation model. This work
can be for the next step magnetic interference compensation, and provide a theoretical basis and
data support for the flight test.
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