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Continuous phase modulation recognition algorithm based on fuzzy entropy

RUAN Guangxin, LIU Zheng’
(College of Electronic Science and Technology, National University of Defense Technology , Changsha Hunan 410073, China)

Abstract: To address the recognition challenge of Multi-h Continuous Phase Modulation (Multi-h
CPM) signals with varying modulation parameters, this paper proposes a modulation recognition
algorithm grounded in fuzzy entropy theory. This theory transcends the binary approach of distance and
count—based similarity in approximate entropy, opting for a membership function to assess similarity and
more accurately reflect the complexity of time series. The algorithm separates and calculates the fuzzy
entropy of the in—-phase and quadrature components of the received signal, utilizing these values as
classification features for a Support Vector Machine(SVM). Experiments demonstrate that the algorithm
achieves 100% recognition accuracy for full-response rectangular shaped Multi-h CPM signals across
various modulation index sets at signal-to—noise ratios above 6 dB, and enables modulation recognition
with a minimal number of symbols.

Keywords: fuzzy entropy; Multi—-h Continuous Phase Modulation(Multi-h CPM); modulation

recognition; Support Vector Machine
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Tablel Signal set

signal set modulation index set shaping pulse
X@) {4/16,5/16},{5/16,6/16},{6/16,7/16},{7/16,8/16} 1IREC
Y@ {4/16,5/16},{5/16,6/16},{6/16,7/16},{7/16,8/16} 3RC
Z(i) {4/16,5/16},{5/16,6/16},{6/16,7/16},{7/16,8/16} 1RC
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Table2 Parameters set

parameters experiment 1 experiment 2 experiment 3 experiment 4 experiment 5
signal set X@) X(@) X X@). Y. Z3) (XY @OLZ0)}
length of sequences m=2 m=2 m=2 m=2 m=2
criterion of similarity 0.20 0.20 020, 0.60, o, 140, 180 0.20 0.20
Ry, /dB -5:1:10 [25:25:500] -5:1:10 -5:1:10 —-5:1:20
number of symbols 512 10 512 512 512
sampling rate/symbol rate 10 10 10 10 10

F 1(a)~(b) 4351 4 15 Wt A 10 dB A5 5 48 A9 0T (U AVRSSRI AR, 11 1(c) ko 310 LA T R0 RS R 405 Sy 3 S AR AIF 1E
IR A5 20 B9 U0 HE B 2, B 1(d) A R TR A5 5 80T 20 591 AT AR08 0 ASER 8 Sk 43 28 4 A 1 AT I 2 A5 B % 1R )
HERf % .
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TRVE X CPM A 5 1 35 36 U ik b T RS SRR, LV T O ik b A5 5 42 14 U0 SR % 135 T T 4% 5% O ik o 5 46
Xt HAR 5 4 Y () FUE 5 5 ZG) B9 TR0 B R w0, BBk X TR 40 e B Multi-h CPM {5 5 A9 RN BB FF R R, 1
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AL, ST RDRIRE B IRB EE TIRAE SRR IRIBOR K 2, FEEM 0 dB B, R BIHER R 40%; {HTE
10 dB B, T HERS R AT 0] 35 90% LA o
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