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Abstract; To improve the recognition rate of the signal, a modulation recognition method is proposed
based on the clustering algorithm under the low SNR. The characteristic parameter of the signal is extrac-
ted by using a clustering algorithm, neural network is trained by using the algorithm of variable gradient
correction BP so as to enhance the rate of convergence. The performance of recognition under the low
SNR is improved, and the modulation recognition of the signal is realized based on the modulation system
of the constellation diagram. Simulation results show that the recognition rate based on this algorithm is
enhanced over 30% compared with methods of adopting clustering algorithm or neural network based on
BP algorithm alone under the low SNR. The recognition rate can reach 90% when the SNR is 4 dB, and
the method is easy to be achieved so that it has broad application prospect in the modulating recognition.
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Fig. 1 Model of recognition system
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Table 1  Characteristics parameter values of the six kinds of modulation with the number of different clustering center
HHE28  SNR/dB -2 0 2 4 6 8 10
BPSK 0.025 0. 020 0.013 0.010 0. 008 0.002 0. 000
QPSK 0.320 0.328 0.330 0.370 0.372 0. 380 0.385
T, 8PSK 0.300 0.302 0.295 0. 296 0. 298 0.300 0.299
16QAM 0.330 0. 331 0.328 0.327 0.329 0.328 0.327
32QAM 0. 331 0.330 0.328 0.328 0.329 0.328 0.326
64QAM 0.332 0.331 0.329 0.328 0.329 0.328 0.327
QPSK 0.055 0. 048 0.025 0.02 0.018 0.015 0.01
8PSK 0.248 0.240 0.238 0.230 0.238 0.251 0.250
T, 16QAM 0.275 0. 260 0.230 0.225 0.210 0.200 0. 190
32Q0AM 0.310 0. 305 0. 300 0. 295 0.293 0. 280 0.270
64QAM 0. 280 0.270 0. 268 0.268 0.267 0. 265 0. 260
8PSK 0. 240 0. 155 0. 125 0.070 0. 060 0. 050 0. 040
, 16QAM 0.320 0.318 0.319 0.325 0.326 0. 340 0.348
32QAM 0326 0.320 0.318 0.317 0.318 0.317 0.317
640QAM 0.326 0.318 0.317 0.317 0.316 0.315 0.315
16QAM 0.336 0.252 0.200 0. 150 0. 125 0. 100 0. 007
Ty 32QAM 0.338 0.325 0.320 0.318 0.310 0. 308 0.310
64QAM 0.338 0.326 0.325 0.320 0.320 0.322 0.326
T, 32QAM 0.326 0.320 0. 300 0. 260 0.220 0. 180 0. 160
’ 64QAM 0.330 0.328 0.326 0.318 0.316 0.310 0.290
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Fig. 2 The simulation of modulation recognition rate related

to the fuzzy c-means algorithm

FEE 2, NFRRRRGNE S, BEE TR Y
AR, BIEFODEEARE, AFES G RS
IR, THAEEME AR, d M
M, RSCR BRI LA A, DUR ELEER FH RS EE R
AR5

FEE 3, SEREEUINGE S, RAIEET BP &
PR 2 453 2SR EAT R RN, HAR SR
ZEARK, MMM EEL T, IERERE AR,

B4l S5E 2, B3 g, FE R £ g
T, SHMCRHREF LI T BP Bkt
W2 oy b, ASCITHE A IR ARG T
Wl D4R, (S0 S T 4 dB B, PORh R Oy =
2PSK. 4PSK. 8PSK {1 iH Wl & &f 42 £ 100%
16QAM | 320AM D) K 64QAM [y i i P31 2 1 ]
BHE, 32Q0AM 7E SNR =8 dB B} A% T 98% ,
640AM 7£ SNR =4 dB W[ik%] | 86.4% , it TH
TR FH RSB IR . RGN R = 1 22
JEBE : —2 i ToRAREE, MRFRBIE SR

WRAE BT I, — RAEB 25 53 25 25
i TR B TR BP 2 1L, vl BP
RSO ENS , A5 B A SRR/ N R SRR,
e SR A P S ) R e

modulation recognition rate

SNR/dB

K3 T BP BLMH A ML% 0y K g
A TR 5 I e o U A
Fig. 3 The simulation of modulation recognition rate

related to neural network classifier based on BP algorithm
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MIE 5 F, 7586 Polak-Ribiere BP %7 X
BOEBRZMECH 2 1Y BP #2411 4%, Hilk
SEPERER] WAL T8 BP 28 5 25 1 I i lie S5t
e, XTEEMPITIRZE A 0. 011 iy B AR R %k N 75 i
130 PAE AT IR BB 2K .

Performance (Polak-Ribiere) is 0.0109495,Goal is 0.011

10°
o0
=
g
s 107 BP algorithm
~

Polak-Ribiere
102
0 20 40 60 80 100 120
130 Epochs

PS5 i 4 Bt i S 2 A RE 17 L]
Fig. 5 The simulation diagram of neural network training

convergence performance



552 1 WA . TR 5 M 2 I 2% 1) JC 43 {7 16 VR T F U3 ik 29
5 4k g (6] A, BRED. 5T BP Bl 2 [0 2% 1 K5 o il R0 77 12
| e (1] B S5 M AR S ,2012, 31(5) ;16 - 19.
AR T AT REMM LRGP RRg 7] PRALEI SRS R RS R s
SIS, IR T A R LR U 0 T R T L1 RS L AIRRREAR, 2014, 53
y . (1) .42 -46.
Y i il 75 2L BPSK, Q\PSK’ 8PSK, ‘16QAM,’ [8] DAYOUB I, AMOUDA W, BERBINEAU M. Automatic
320AM K 64QAM, FIFISRIT ik BALATHNE %L modulation recognition using wavelet transform and neural
I T SR i SRR ELAT 3 22 5 AR R IE 2 networks in wireless systems [ J]. EURASIP Journal on
BAE 4 o 26 a A, RSB Po- Advances in Signal Processing, 2010, 56(8) :1 - 13.
lak-Ribiere & [F 3875 X #2286 6471 45, DA ) [9] MEHDIK A, ALIZ H ,MEHDI B. A novel hybrid clas-
SR AR B RE . [ B 45 0T , S sification model of artificial neural networks and multiple
R FHER R AR B I L T BP B2 R M & N 4% 47 linear regression models [ J]. Engineering Applications of
R TFIRHRA A SCHE H A L T B R Artificial Intelligence, 2010, 23(12) ;357 -370.
SR 2% 1Y E;é/ﬁ\i}%] o iﬂ%”%{j&,ﬁ\:% Rl %U% iR [10] HELMY M O, ZAKI F W. Identification of linear Bi-di-
o mensional digital modulation schemes via clustering algo-
e rithms[ C] // International Conference on Computer Engi-
SE 30k neering & Systems, 2009 ;385 — 390.
[11] DEANJ, GHEMAWAT S. Simplified data processing
CUJ ST, 2RI, 2R HE, 4. 26 T IR A A OE A9 15 on large clusters [ J]. Commun ACM, 2008, 51(6):
SFARGI 1] KL A 2010, 35(5) ;59 07 - 113,
~on [12] R A0 B R R, % ST YR S 1
[2] KATHLEEN E, SHRIDEED P. On the performance of W 42 B R T B RS (], L e 2
high dimensional data clustering and classification algo- i BRI 2013.52(1) 117 - 22.
rithms [ J]. IEEE Communications Letters, 2010, 12 [13] EBRAHIMZADEH A, MOUSAVI S E. Classification of
(5): 801 -813. communications signals using an advanced technique
(3] JAE, AR, SRR, 5. — 2 4 0 2 i B AR [J]. Applied Soft Computing, 2011, 11 (11).428 -
R Iy [0, Ao R A S A A L s,
2012, 40(6) :23 - 26. [14] MEHDI K, ALIZ H, MEHDI B. A novel hybrid classi-
[4] BNACI, MEMCD V. The use of clustering analysis and fication model of artificial neural networks and multiple
feature extraction for the reduction of very large data sets linear regression models [ J]. Expert Systems with Ap-
[J]. Innovations in Computing Sciences and Software En- plications, 2012, 39(3) :2606 — 2620.
gineering, 2009, 50 (8) ;128 ~139. [15] YUAN HB, WANG K. Modulation identification of

[5] GHIASSI M, BURNLEY C. Measuring effectiveness of a
dynamic artificial neural network algorithm for classifica-
tion problems [J]. Expert Systems with Applications,
2010, 37(4) :3118 —3128.

MPSK/MQAM signals in the aeronautical channel []J].
Journal of Signal Processing, 2013, 29(8) ;249 —255.



