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Fast Preprocessing Technique based on High-Pass Filtering for
Spool Rate Extraction of Weak JEM Signals
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Abstract

Jet engine modulation(JEM) signals are widely used for target recognition. These signals coming from a potentially hostile aircraft
provide specific information about the jet engine. In order to obtain the number of blades, which is uniquely provided by the JEM
signal, one must extract the spool rate, which is the rotation speed of the blades. In this paper, we propose an algorithm to extract
the spool rate from a weak JEM signal. A criterion is developed to extract the spool rate from the JEM signal by analyzing the intensity
of the JEM signal component. The weak signal is first subjected to a high-pass filtering-based process, which modifies it to facilitate
spool rate extraction. We then apply a peak detection process and extract the spool rate. The technique is simpler than the existing
CEMD or WD method, is accurate, and greatly reduces the time required.
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Table 1. Information on the jet engine model and mea-
surement parameters.

Parameters Value
Engine model A B
Number of rotor stages 3 3
Number of blades in each stage | 42, 73, 97 | 17, 29, 41
Radar carrier frequency 10 GHz 10 GHz
Pulse repetition frequency (PRF) 1.8 kHz 1.8 kHz
Rotation speeds 60.1 180.7
Radar incident angle 30° 60°
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Table 2. Spool rate extraction result.

Spool rate [Hz]
Model
Real CEMD WD Proposed
A 1.0017 1.0393 1.0393 1.0393
B 3.0117 3.0808 3.0808 3.0861
H 3. AA 3 28 AR
Table 3. Processing time of pre-processing.
Processing time [sec]
Model
CEMD WD Proposed
A 1.3387 1.4528 0.0279
B 2.9303 2.3440 0.0203
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Table 4. Processing time of pre-processing.

Processing time [sec]

CEMD WD Proposed

Average 1.89 1.93 0.031
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