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ABSTRACT

In this paper, we propose an automatic modulation recognition algorithm based on cyclic moment and new modified
cumulant for analog and digital modulation signals. It is noteworthy that each modulated signal has different cycle
frequency characteristics according to its order of cyclic moment. By means of this characterigtics as classification
features, various modulated signals can be efficiently classified. Also, to identify modulated signals having the same
cycle frequency characteristics, we take advantage of the additional classification factors such as variations of
envel ope and phase aswell asmodified cumulant. The proposed a gorithm was eval uated by considering the number of
symbols, SNR, and frequency offset. In the simulation condition where the number of gathered symbols was about
819, and SNR and frequency offset were above 10dB and below 25%, respectively, the average accuracy of the
proposed algorithm was more than 95%.
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A 11 E|ojof g f.2:0]ck.
HAY7HA] opdzL 9 qw
71E44 2l cyclostationarity =
o] dAtEo] gt [1] 011*1% 1219] eyclic cumulant
£ o]&3)] ASK(Amplitude Shift Keying), PSK(Phase
Shift Keying) 12]32 QAM(Quadrature Amplitude
Modulation) Al &2 B=3}9 ). o] 23l constellation Bt
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352 cyclic moment®] zp=of wet A& thE cycle
frequency 541-< 712tk o] et S-S B4 5}
o] thofst MRAIZTE gy oz Bas) ¥ 4= Qo)
ESE cyclic moment EA4A e 02 HETl=HE
WIS 0] N REZE 93| 2714 02 415 .9] envelope
5}, A W Z 0] min-maxa}, 3F A8 7F AlEo] oAb
3}, B3 cumulantS B350 ARSI 7)E0
2" ek ol cumulantS o] &3 WAl Ik o

3 cumulantJIAS o83k Fuba FAl AR A
congtellation 7|gke] MR AT E s BF7155Hc)
Aorets AFHRY AWE g HMRASE
AM, FM(Frequency Modulation), SSB(Single Side
Band), 2/4/8PSK, 2/4/8FSK, OOK(On—Off Keying),
QAM, MSK & 3} om A& 2= SNR, 3
aPste] GarE|Ee 452 A5 Aljket &ar

2SS AR A7 7he Rt 2R ol d

II. Cyclic Moment O|2

Red-value o4RAIZE AL {y(n)iet & o k-th
order time varying moment, m, (ni7) &= Th3-1} o] 4

oy,

My, (n;‘r)iE[f,q. (n;‘r)] @

A

f/\T(”?T):J’(”)J’(”+Tl)"')’(”*'fk-l) @

2 (1)ellA E[ « ] &= o]4k random process f,, () 2]
expectationg eI, 1= A7} WE ol 1=[7, ",
7, ]olth ol 7= 00 8 113ttt

gkekoll my (mn)7F F71201® {y(n)}-2 k-th order
cyclostationary3}th1l 3 4= it} lﬂﬂ my,
C23f o] Fejof g4 Eell2 2 E [3]
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n=0

H 1. Cycle Frequency EM
o= moment2] cycle frequency 7} T} o7} 0Q1 M,  Table. 1 Cycle Frequency Characteristic

=my, (nir) €] DCAGR2] 7] 0]t Mod. M, M, My,
ofdRI ATo AP Y4l o] whgul JEan ow 7 o A
UAY AEe] A9 wkgm R AR Fo1H Ws o - 7 ”
o]3}| cyclostationarity”7} WA} ct. X B ¢ °
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3.2. Non Constant Envelope & £&

Cycle frequency -3, <=A171Z, ¥4 cumulant, 4]
Et ¢JAtzEe] H3lE 0]835)9] non constant envelope
AeE B7 4 ek

3.2.1. AM, OOK, 2PSK vs SSB, 4/8PSK, MQAM;

712.[]1/

7, ¢l cycle frequency -2 Z13%0] Hsk= 415
£ F I5eE s 4 itk 19 12 AMy} SSBO)
T, 5785 Het gl on, 283} o] AM2 Hhgat
540l 1, 3ol Uehdtt. 7, 9 peak 25 H=3}
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Fig. 3 Instantaneous amplitude characteristic
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3.4 Decision Tree
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Symbol Clock Analysis

olc}. of 4007)9] A1 R MRS SRS 7
< T 90% o|4o] YBHES ehiich FSK WzAlE
2 Ho 4o ABolHR BA% S 7
frequency 7427} ZEo] 4FSK S 2FSK= 18|12
8FSK 7§~ 4FSKU} 2FSK = 2H5: ?14)E &= Qlrh

" () H 2. AEg0|d mz2tolE
Table. 2 Simulation Parameter
Parameter Value

: Roll Off Factor 0.2
-

; Modulation Index (AM) 0.8
\ﬂ;’&f Frequency Deviation (FSK) SR (Symbol Rate)
,—V@ Frequency Deviation (FM) 5kHz

@yg}, y IQ datalength 8192

(o)

agl 7. oJAFZH Ez2| (Non Constant Envelope)
Fig. 7 Decision Tree (Non Constant Envelope)

12l 8. oJAFA™ Ez2| (Constant Envelope)
Fig. 8 Decision Tree (Constant Envelope)
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Table. 3 AMR Result according to the number of symbols

Qe

M-ary 819 409 102
2 100 100 100

PSK 4 100 93 90

8 98 89 88
2 100 100 100

FSK 4 99 97 82

8 100 66 46

16 95 91 11

QAM 32 9 89 41
64 91 9% 27

OOK N/A 100 100 99

MSK N/A 97 83 0
Average 97.6 91.2 64.9

Probability| %)

SNR[E]

2 9. SNRoj| M2 AMR HHANET
Fig. 9 Average AMR accuracy for various SNR
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0 20 40 60 80 100
Frequency Offset[%:]

33 10. ok SAl0| G2 AMR HHESE
Fig. 10 Average AMR accuracy for various frequency offset
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Table. 4 AMR Result (SNR 10dB)
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2PSK 2 100
]
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MQAM %2 o1 o1
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Table. 5 AMR Result (Frequency Offset 50%)

= = cw | aM | ssB | ook | 2Pk
cow 100
AM 100 4
ssB 100
00K %
2PSK 100
— 9| spsk | 8PSK | 16QAM | 32QAM | 64QAM
PK | 52 )
8PSK 2 1
MQAM %2 % 89
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