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Fig.1 OFDM system model
—NRELHFERI W, BTABRT,, BT 0<ks (N-1). (5)

Ry EIRRN T, ) OFDM E BT LARR A

N-1

s(t) = Z SEJLTexp(]Zkaf(t -T,))

te [0,T], (1)
AN R FEERSEGAS = W/N;T = 1/AfT,
=T+ T,;TRAERGFS AL
B 15 18 B I K I S A 5 8 T AR 4 el R
BB LB ANERBINGES, A ERE
HESRERH

r(t) = 2 S,.exp(2wkAf(t - T, - LT,)) + n(1).
k=0

(2)

xtr(e) #HATEIREA T, #REE, AT LSBT E
EHixK

R(k) = z S,,LTJ'Texp[]Z'n‘(n -k)Aft]dt + N(k)

k=0,1"“y(N-1)' (3)
£ OFDM R G iAH{E 5 KB R B K AT LA
R A

s (1) = Y (1~ T exp(2nfe) , (4)

AT :NRRTEERNER:, BRrE i MEER
B s, AMPSKIEEWERAS ,2(1) BR
FE T Bk v R 5K

Xt i IR AR S AT R BB B AR R
— R 5 4b 2, T L5 B MPSK A#IE SR %
™A

kT o
s(k) = s(Ts) = Zciexp(jzﬂﬁiT‘),

2 ETREBAVHISXERE

Xﬁﬂ:*?ﬂ:‘lzﬁmmgﬁﬁ[xl 3%, """ ’xn] ,E1n
WrBERMr B RE(r =k +k, + - +k,) AL
s E XL R (6) F(T).

Mom[x,* ,x,*, - x.%] = E[x, "5, ", x *]
= (=-r d(w,,w,,,w,)
awl"lawzl‘z,...’awn kn o’
wy = w,
(6)
Cum[xlkl’xzsz"’xnk"] =
(_j)ra[lnd)(wl’wZv“.,wu)] (7)
3w, 0w, 0w, " ’
wp==w,=0

AF:P (0,0, ,0,) = E{exp[j(w,x, + 0,1,
+wx,)]l REHERRSFMERE, WMESE
BRAB(REF —FERH). nd(w,,0,,,
w,) BREA B RE, d M 5 R E R E

BV BRN RBARERMEZRAEUT
KE

Mom[x’l“,x;’,---,x:"] =
Y (- - DIE[[x ), B []5]
(8)
— A FHEGFRENLE (k)] B2 /K
REMARRBILURRN

Cyu(7) = E{x(k)x(k +7)} = R.(7), (9)
Cou(r) = E[x (k) "2(k +7)], (10)

Co(Tys7s 2 T3)



62 AHKXKEEZR(LER)

2013 4

= Cum[x(k) ,x(k +7,) ,2(k +7,) ,x(k + 75) ]
= E[x(k)x(k +7)x(k +7,)x(k +7,)] ~
E{x(k)yx(k + 7)) JE[2x(k +1,)x(k +1,) ] ~
E(x(kYx(k +7,) JE[x(k + v)x(k+7,)] -
Elx(k)x(k + 7)) JE[x(k + 7 )x(k +7,)],
(11)
Col7,73,75)
= Cum[x(k) ,x(k+7),2x(k+7,),2" (k+7,)]
= Elx(K)xlk+7)x(k +7,)x" (k+7,)] -
E[x(kYx(k +7)]E[x(k +1,)x" (kb +7,)] -
Elx(k)x(k +7,) JE[x(k +7)x" (k+7,)] -
E{x(k)x" (k +7,) JE[x(k + 7,)x(k +7,) ],
(12)
C,(7,,75,75)
= Cum[x" (k) ,x(k +7,),2(k +71,),x" (k +1;)]
= E[x" (k)x(k +7)x(k+7,)x" (k+71,)] -
Elx"(E)x(k+7)]E[x(k+7,)x" (k+7,)] -
E[x' (K)x(k +7,) JE[x(k+71)x" (k+7,)] -
E[x" (k)x" (k + 7)) JE[x(k + 7,)x(k +1,) ],
(13)
Kefia® (k) & (k) BYILHE.
AEBCHBERBINGES FHITTURR A
x(k) = /W a,exp(j) +n, k =1,2,---,N.
(14)
K e, BRMAH BB BXNEES KT
BRIV RFRGESHFHIIE 0 RRA
MBEMLRE:n, RERHABREFF. RIE
X (14) AT LU MPSK [§ 5 A N syex =
a,exp(j0) ,a, € [exp(Rmw(m -1))/M,m =1,2,
L MY B e, REMEAAN, BARERR
B RS, #TREEHE, AT LIS ) MPSK
BE sy PARMBK _HMEEMUR ZENH
B, Wk L

#1 MPSK{ES#j2andd HREBAIPEHE
Tab.1 The 2 and 4-order cuamulants of MPSK

Cu Ce C, Ce,
2PSK L4 -2w -2W2e* - 2W2lY
4PSK w - W 0 w2e
8PSK 14 -w 0 ]

AHEFEITBEZEHRER, 7T1H MPSK

B B ERER
F, - 1€l _ {2 M = 2,2PSK
|, 1" 11 M =4,MPSK.

(15)

{6 B IX R (& 77 LA 2PSK A MPSK iR
Pk, TEHME MERN 4 K 8 WERAHEK
FFAE

F, = | Cy | :{1 M =4, 4PSK O
ICol ~lo M =8, 8PSK.
L4 (15) f(16) , 7 LiI1§ H MPSK AR
FEO B LR ERRERERX
[2,1]2PSK
F =[F,F,] = {[1,1]4PSK (17)
[1,0]8PSK,

KH:F = [F,F,] hERESSXFEME.
3 hR&ER

MEE L E 447, 66 F MATLAB 2887 2 4
TR, E— 2L QPSK AHEE N, EEH
HEAEFR T, OFDM R MM E%E
TAESNERAETER BREMETIRAFERN
b ¢ % MPSK 155 f T@ sil iH 5 HAT A
3.1 OFDM ZZHRBEMR

X B R £ A F {5 B b (Signal Noise
Ratio,SNR) ( -3dB<SNR<9dB) &R T, Xt &%
f# 10 000 4~ QPSK #F & i# 17 iR 13 # ( Bit Error
Rate, BER) (i E , A MM EE R 5EHE TR
{HABUE X, A 2 iR,

10{

1q° - . . " R , -
—4 -2 0 2 4 6 8 10
{Z#% H./dB

2 OFDM R&MiRRmR
Fig.2 BER of OFDM system

HE2WUES, EBHAKRST OFDM &
GEARFNEREE HRBE5ERITES
BEEGLE T 2dB MIER T HEAME.

3.2 MPSK @AHiIRBIEFR

EXANE LR, B E TSR B
MPSK 15 5 8 i By B0 7 K E{H, L B 2PSK,
4PSK #1 8PSK Ky #1517 MATLAB #1 7] LI7§
25X 3 f 8 15 S &9 98 Hl 12 5] # ( Recognition




£2H

W4, % OFDM {5l T BFAME S A HRH 63

Rate,RR). [FIEfE T HFEEREFLT, &T
SR R AE 1 R R R AE DL, 1 3.

1.0¢
—a— 2psk-HF RN R
0.9+ —w— dpsk-BETHN R &
—e— Spsk—EFHE Rt
0.8} —o— 2psk—AETHHRRHE
0.7+ —— apsk-E TIAREF(E
: L —o— Spsk—AETILRAFIE
0.6
W
= 0.5
Bo.4
0.3
0.2
0.1+
0.0 o . )
0 5 10 15
{EM L /aB

3 MPSK £ EWHAMNE
Fig.3 RR of MPSK

EAFEE 3 PR LLE L, YFRERT 3
dB B} 4R, TR REH R EAHBAME ST
BEMERTHRER, RASH REELNIRG
FREATLUIKT 100% , X LHBGEREERT
ETEABTHNAEEERDMRS.

4 Hig

&%t OFDM {53 & 45 T &9 B0 18 %1 12 3 [)
BESHT-HETENERSNN N RE
MO RESXB . E3FFEME F, 82PSK A
MPSK (55 Ak, RIGESRFIEE F, 18
4PSK #1 8PSK P4 # ¥ &I 3¢ B i it 4> 26, L B
MPSK B #If5 S XM EH. Xt OFDM {£4i R4
LA ARREEURESRENFEES
REERBTHE G EAEREN, EFREET
3 dB #9158 T, OFDM {64 R G fiR IS R[5 {4

S5 EEEER RN, RANRNGES
A LUER, EEREMFEEEE EERLR
F3 dB MFALT , iR E AT LUIAT 100% , thd R
{518 L5 8L F 0 B Tk R AR IE IR B B IS AU
BiRE.

SE UM

[1] R ETEXKFEOBEHTI3RNFTEII]
o o F R B IR, 2012, 4(2) ;182 - 190.

[2] SUN Gang-can, MPSK signals modulation classifica-
tion using sixth-order cumulants{ J]. Image and Signal
Processing, 2010, 9(3) ;4404 - 4407.

[3] YANG Lin, JI Zhi. Modulation classification in mul-
tipath fading environments{ J]. Wireless Communica-
tion Systems, 2007, 10(4):171 - 174.

(4] ZF¥ R, BRH, 6%, % HEHMNFEES MPSK
FSAERA T E(I]. kK 5iE#EH, 2010,35
(2).150 - 153.

[5] JON H. Modulation classification of MPSK for space
applications [ C]//proc of Global Telecommunications
Conference, 2006:1 - 5.

[6] F#F, £ ETHH REEM SVM iy OFDM
BHEHKXRN(I]. BN SHF TR, 2008,36
(6) .41 -44.

[7] NIKOPOUR H. Turbo-coded OFDM transmission over
a nonlinear channel [ J]. IEEE Trans on Vehicular
Technology, 2005,54(4) :1361 - 1371.

(8] BRI%E, AL ETHWHAFHELTK MPSKFS
WHER(I]. 5S4, 2006,22(3) 1408 - 411,

(9] BRIA BFEEFESHEMEMNAERMAID].A
B ALEFRRKREERFLTEER, 2001

Modulation Classification of MPSK Based on OFDM Channel System

ZHANG Duan-jin,LV Shu-yun

( School of Information Engineering, Zhengzhou University ,Zhengzhou 450001 , China)

Abstract; This paper studies the modulation of MPSK based on OFDM channel system. by deduction and a-

nalysis of the second-order cumulants and the fourth-order cumulants of MPSK signal An innovative feature to

distinguish the modulation order of the MPSK is presented. This feature, due to its simple extracted approach

and easy realization, can efficiently achieve the goal of modulation classification. The paper gives transmission

bit error rate and the modulation recognition rate of OFDM system, and gives a comparison simulation of the

MPSK recognition rate between the modulation algorithm based on high-order cumulants and spectrum line fea-

ture. The result shows that the advantage of high-order cumulants analysis.

Key words: OFDM system; modulation classification; high-order cumulant; MPSK signal



