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Parametric Detection Resulis of SHNR
model used Clean 18dB 12dB o9dB
Helicopter 100% T1.5% | 25% 9%
LPC Mon-helicopter 95% 98.4% 99%% 100%
False Alarm 5% 1.6% 1%o 0%
Miss 0% 28.5% T5%0 91%
Helicopter 100%% 80%% 48%% 33%
RC Non-helicopter 96.2% Q9% 100%% 100%
False Alarm 3.8% 1% 0% 0%
Miss 0%% 20% 52% 67%
Helicopter 98.9% | 834.7% | 41.5% | 10.3%
CC MNon-helicopter 100%4a 100% 1002 100%
False Alarm 0% 0% 0% 0%
Miss 1.1% 15.3% | 58.5% | 89.7%
Helicopter 100%% 95% 0% 47%
LSP Non-helicopter 97% 99%, 100% Q9%
False Alarm 3% 1% 0% 1%
Miss 0% 5% 40% 53%
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Detection Results of SNR
Clean 18dB 12dB 9dB
Helicopter 100% | 96.2% | 70.3% | 58.5%
Non-helicopter 95% 98% 99% 100%
False Alarm 5% 2% 1% 0%
Miss 0% 3.8% 29.7% 41.5%
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Detection Results of SNR
Clean | 18dB | 12dB | 9dB
Helicopter 100% | 97.3% | 81.2% | 71.4%
Non-helicopter 98% 99% | 100% | 100%
False Alarm 2% 1% 0% %
Miss 0% 2.7% | 18.8% | 28.6%
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PU =1H=1)=p; P(U,=0H=1)=1-p, 0=

PU,=1H=0)=1—¢q; P(U =0/H=0)=g; (v—v)
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Helicopters SNR
Clean 15 dB 12 dB 9dB 6 dB 3dB
A 100% 100% 98% 100% 98% 98%
B 100%  100% 100%  99% 98% 96%
C 97% 99% 100%  98% 99% 8%
D 100%  97% 97% 97% 95% 85%
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P Detection Accuracy
Acoustic signals o T ST oy 5
Helicopter S-67 100% 2% 2% 3%
Helicopter HS00 99% 69% 48% 28%
Helicopter CH-47C 100% % 50% 32%
Helicopter MI-HIND 100% 71% 53% 3%
music 100% 84% 78% 2%
running automobile 99% 88% 2% 8%
engine sound 99% 79% 68% 62%
motor car horns 100% 80% 1% 59%
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. Detection Accuracy
Acoustic signals Clear 1846 12dB 94B
Helicopter S-67 100% 92% 87% 76%
Helicopter H500 99% 91% 86% 75%
Helicopter CH47C 100% 93% 85% 72%
Helicopter MI-HIND 100% 92% 87% 74%
music 100% 95% 84% 72%
running automobile 99% 93% 85% 78%
engine sound 99% 92% 88% 72%
motor car horns 100% 5% 86% T8%
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Helicopter Type

Feature Type Signal/Noise A B < D
LP Coetfficients Clean 100 100 98.5 100
12 dB 38.5 92.9 100 51.4
9 dB 21.5 78.5 100 34.3

3 dB 8.5 48.5 98.5 20
Reflection Clean 100 100 100 100
Coefficients 12 dB 100 44.3 100 98.5
9 dB 100 37.2 100 91.4
3 de 98.5 =22.9 100 713
Cepstrum Clean 100 100 100 100
Coetticients 12 dB 78.6 28.6 100 12.9
9 dB 21.4 7.2 100 2.9

3 dB 8.6 o 100 o
LSF Clean 100 100 100 100
12 dB 100 100 100 62.9
9 dB 20 98.5 100 429
3 de 45.7 91.4 100 7.2
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Classification

Results of SNR

Helicopter Clean 15 dB 12 dB 9 dB 6 dB 3 dB
A 100% 100% 100% 100% 96% 96%
B 100% 480G 22 0% 4G, 0%
C 96% 1009 100% 100%  98% 949
D 98% 82% 84% 74%  T0% 74%
E 98% 26% 12% 49 0% 0%
B 98% 82% T8% T2%  60% 50%
G 100% 2% 2% 0% 2% 0%
H 100% 98% 98% 92%  80% 66%
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Classification SNR
Results of ’
Helicopter Clean 15dB 12dB 9dB 6dB 3 dB

100% 100% 98% 100% 98% 98%
100% 100% 100% 100% 98% 96%

98% 1009 100%  98% 100% 100%
100%  98% 98% 98% 96% 88%

98% 98% 98% 940, 8% T8%
1009 98% 100% 100% 926% 88%
100% 884 920%0% 845 82% 48%
1009% 100% 1009% 100% 100% 84%
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Abstract

Information about the movement and type of an aircraft is usually collected by radar or
electronic sensors, but this information may be unavailable due to lack of visual field.
Detection and identification of the target by sound signals is very important in some
cases because of geographic location, cost-effectiveness, and noise resistance. That is
why another method is used to identify a target that is less disturbed by the conditions
of the visual path. In this thesis the sound of an aircraft engine has been used to
recognize the type of an aircraft. The audio signals received from the microphone are
considered as inputs of this algorithm. In order to extract the characteristic of audio
signal , the wavelet transform energy, Mel Frequency Cepstrum Coefficients (MFCC), Real
Cepstrum Coefficients, linear predictive coefficients (LPCs) and spectral line frequency
(LSF) have been used. Then classification of the sound signal of the aircraft is carried
out for four classes of an audio data by artificial neural network classifier. To evaluate
the performance of the detection system, we added noise to the signal with different
signal-to-noise ratio, and compare the results with each other. Finally, we introduce a
method for improving the system performance, which is used wavelet transform to
eliminate the noise, and combination of LSF and real cepstrum coefficients are used as
a feature extraction method. The data classification rate was %93.11 and the error rate
was 0.0451.

Key words: aircraft type detection, wavelet transform, Mel Frequency Cepstrum
Coefficients, Linear Predictive Coefficients, Real Cepstrum Coefficients, Line Spectral

Frequency,Artificial Neural Network.
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