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Abstract—The spectrogram of signal is an effective method to analyze the extremely low frequency magnetic
field signal. The proposed method is one of the detection algorithm based on the spectrogram. The existence of
the target is judged by the harmonics frequency of the spectrum line in the spectrogram. The proposed methods
improve the probability of detecting the target and the method can estimate the fundamental frequency of the
extremely low frequency magnetic field signal. The simulation and real experiment confirm that the method is
effective to analyze the extremely low frequency magnetic field signal.
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1 Introduction

A ferromagnetic target will be magnetized in
geomagnetic field. A ship as a ferromagnetic target
has a static magnetic field and alternating magnetic
field with an extremely low frequency[1].It’s called
shaft-rate magnetic field[2][3]. The shaft-rate
magnetic field of the ship is induced by the
corrosion current between the propeller of the ship
and the seawater[4].Such an extremely low
frequency magnetic field is the signature of the ship
or a boat, which has the application in magnetic
target detection[5], tracking[6]and so on. The shaft-
rate magnetic field of the ship is depicted by
Fig.1.The fundamental frequency is the rotation
speed of the propeller.

& -
Fig. 1. ship shaft-rate mégne_ticf field of the corrosion current
among propeller. shell and seawater

The range of the shaft-rate magnetic field
frequency is between 1-7Hz, which belongs to
extremely low frequency(ELF)band. Detection and
feature extraction is important to analyze the shaft-
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rate  magnetic field signal in intrusion
detection[7].It’s the first step to the defense
system[8]. And then the target’s classification[9]
and recognition[10]can be realized.

2 The feature of the ship’s magnetic
field shaft-rate signal

The ship’s magnetic field shaft-rate signal is the
magnetic anomaly signal which is modulated by the
fundamental frequency and harmonics. The shaft-
rate magnetic field signal B(t) is shown by (1).

B(t):ZK:Ak cosQrkyt+d,) (1

A is the amplitude, k is the order of the harmonic
frequency, 7 is the fundamental frequency and the

¢ is the phase. The spectrum of the ship’s magnetic
field shaft-rate signal has obviously features of line
spectrum instead of continuous spectrum. Hence,
the ship’s magnetic field shaft-rate signal can be
easily distinct in broad band white noise. The ship’s
magnetic field shaft-rate signal has limited power
energy. So the Fourier transform can be use to
analyze the ship’s magnetic field shaft-rate signal.
However, the classical Fourier transform can only
reflect the entire spectrum of the ship’s magnetic
field shaft-rate signal in a period of time. In
application, the signal is generally time-varying.
The short-time Fourier transform (STFT)[11] is
used to analyze the ship’s magnetic field shaft-rate
signal.
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3 The detection and fundamental
frequency estimation of the ship’s
magnetic field shaft-rate signal

Ship’s magnetic field shaft-rate signal analysis
which based on STFT has two steps: one is judging
the existence of the target and then extracting the
fundamental frequency which aims to estimating the
velocity of movement of the ship.

A. Detection algorithm

The flowchart is shown as the figure 2. At first, the
fluxgate magnetometer is used to get the signal, the
signal-noise ratio(SNR)is often low because of
magnetic noise. In the preprocessing procedure, the
function detrend in matlab is used to data to
eliminate the linear trend. Then, the high-pass filter
is used to eliminate the noise in frequency band
which lower than shaft-rate magnetic frequency.
The order of the high-pass filter is 45, the stop
frequency is set to 0.1Hz, the pass stop frequency is
set to 1Hz.The stop band attenuation is -60dB.
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Fig.2. detection algorithm signal processing flowchart

Next procedure is short-time Fourier transform, the
length of rectangular window is 10s, sample rate is
50Hz. The continuous time is 1800s.The
fundamental frequency is set to 1.8Hz.The
simulation ship shaft-rate magnetic field signal and
the spectrogram is depicted by the fig 3 and fig
4.The standard deviation 9 of the noise is 14.67pT.
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Fig.3. shaft-rate magnetic field signal in white gauss noise with
the signal-noise ratio is 3.66dB
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Fig.4. spectrogram of shaft-rate magnetic field signal in white
gauss noise with the signal-noise ratio is 3.66dB
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The velocity of the ship is 0.3m/s and the closest
proximity approach [12] is 30m.The magnetic
moment of the magnetic target is (10,10,10).

Next procedure is to normalize the spectrogram,
the normalized spectrogram is shown in Fig 5.It’s
aim to cancel the influence of the peak noise
induced by the geomagnetic pulsations.

normalized spectrogram
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Fig.5. normalized spectrogram
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Then the threshold A of the spectrogram is set to
0.9 o .The value which beyond the threshold is
saved as the possible shaft rate magnetic field
frequency bins. The spectrogram after normalization
is shown in fig 6.

threshold detection after normalization
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Fig.6. Threshold detection after normalization

Next, the cluster is realized in both frequency and
time. The frequency clustering is searching the local
max along frequency. If the distance of the two
detected frequency bins is lower than 0.1Hz, the two
frequency bins are merged in a single frequency bin.
Then the time clustering is to choose the frequency
bin which satisfied the condition that the sum of the
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value in 3*10 rectangular around the frequency bin
is greater than the 5 times of the maximum of the
field. The clustering spectrogram is depicted in Fig
7.

clustering spectrogram
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Fig.7. Cluster both in frequency and time domain

Finally, if the frequency of the spectrogram line in
Fig.7 is harmonically related, the Af between the 2

spectrogram line is a constant , the existence of
target is confirmed. Otherwise, the target doesn’t
exist in required data.

The parameter of the detection algorithm is shown

in table 1.
Table 1 Parameters of the Detection Algorithm

Symbol Quantity Value Units
m target magnetic | (10,10,10) A-m?
moment
VO target velocity 0.3 m/s
frequency 0.9 1
A detection
threshold
o standard 0.9 1
deviation
closest 30 m
CPA proximity
approach
Ts sampling period 0.02 s

B. fundamental frequency estimation algorithm

1. Choose the frequency of the longest spectrum line
as the initial fundamental frequency f, . If the
frequency of the next spectrum line is 2 times of the
initial fundamental frequency (£ 0.1Hz), the initial
fundamental frequency f, is final fundamental

frequency f.

2. If the frequency of the next spectrum line is not 2
times of the initial fundamental frequency
(*£0.1Hz), and even not several times of the initial
fundamental frequency. It’s the fundamental
frequency buried in geomagnetic % noise [13][14].

f

It’s depicted in Fig.8. If the " is n times
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of Af ,Af = f, —f,, f,is the frequency of the longest
spectrum line and the f, is the frequency of the next

longest spectrum line. Final fundamental

frequency f, is regard as Af .

3. If there is only one spectrum line in the
spectrogram, the length of the spectrum line is over
200 Ts ,the f of the spectrum line is regard as

fundamental frequency f .

spectrogram
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Fig.8. spectrogram of the fundamental frequency buried in /f ‘
noise

4 The real world experiment

The real ship shaft-rate magnetic field data is
difficult to acquire, so the experiment is substituted
by receiving the signal in the air which is launched
by the magnetic source transmitter in terrene. The
experiment implemented in the Prairie, Neimeng
province, China. It’s shown in Fig.9. The transmitter
launched square wave, which frequency is 2Hz.The
coils’ sampling frequency is 20Hz.

helicopter

coils(magnetic sensors

Fig.9. field experiment
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The data is pre-processing by a high-pass filter.
The handled data is shown in Fig10.
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Figl0.shaft-rate frequency simulation signal

The spectrogram of the signal is depicted by fig.11.
The range of the displayed frequency is 1-5Hz; the
frequency resolution is 0.008Hz. The window is 10s
rectangular window.
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Figl1.shaft-rate frequency simulation signal spectrogram

Then the detection and fundamental frequency
estimation algorithm applied to shaft-rate frequency
simulation signal. The result is depicted by Figl12.
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Fig12.detection algorithm result

The detection algorithm detect the target signal
accurately and calculated the fundamental frequency
of 2.08Hz.
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5 summary

Detection and fundamental frequency estimation
algorithm in shaft-rate magnetic field signal is
researched in this paper. In detection algorithm, the
short-time Fourier transform is used to analyze the
shaft-rate magnetic field signal. The existence of the
target is decided by the length of the spectrum line
in the spectrogram. In fundamental frequency
estimation algorithm, the fundamental frequency is
estimated by the relation between the frequencies of
the spectrum line. In high signal and noise ratio, the
target and the fundamental frequency can be
decided accurately. In low signal and noise ratio, the
effect of the algorithm will be significantly worse.
The method can is effective for the shaft-rate
magnetic field signal analyzing.
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