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Abstract

In order to make the best use of the limited spectrum resources, this paper studies the detection
performance of the nonlinear method based on the multiple classification support vector machine
(SVM) in the low-order multiple position phase-shift keying (MPPSK) communication system ac-
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e, BRI

cording to the characteristics of MPPSK modulated signals, and the dimension-reduction processing
for the input feature vectors of SVM is performed, so that the complexity of system is reduced. In
order to further improve the bit error rate performance of MPPSK system at the low signal noise
rate (SNR), the low density parity check code (LDPC) is introduced by this paper as the channel
coding to resist the channel noise. The simulation results have shown that the maximum SNR gain
of 10 dB at the less feature vector dimensions can be obtained by the multiple classification SVM
nonlinear detection, and the system performance can be further increased by the 8 dB after de-
coding by the LDPC. Therefore, the multiple classification SVM method is chosen in the MPPSK
communication system, not only can the detection performance is improved, but also the an-
ti-interference ability is stronger and the transmission code rate is higher.
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1. 5|8

BEE TG4 2 AR EOR IR R, Todk U O M R BRI, dn ey 504 25t ) FH AT B 0 2 s 9 Tl AE
RV — KR . Bl E RGPS 2, T3 SRR 3 ) 2 AR50 5 BT G 05
P, AT A RS Sk . BT, R R T A A IR R . SR s A
A o IX L ) 75 VR AR A U IR SR MR L AR ECE A ARSI, AT RIS RIRE R BT AR )
B, RS R ZE ARG BAR . D T S0 s R R AR X P S D R TR, AR K R R R SRR
T¥ R oAl 8% (EBPSK: Extended Binary Phase Shift Keying) i il F12 oAy & A1 # ### (MPPSK:
M-ary Pulse Position Shift Keying) [1], & B T Be7E4i A\ {5 Lt SNR < 0 Bf DA FE it i 2% 32 tH I 45 5 e
R it 38 2% (SIF: Special Impacting Filter) [2], 48~ HIRHLEE, Je I H S IE 20845 93 /(3] HEl,
A RS KRG EEERERGIE SR IR SRR ST L K SR A R S LA
JTUH[4] [5][6] [7], fey8ciA il 2R G rp A I 5 45 2 g 0 B Bt FE AR b T-RE B I B, BVAR I & S50 A R
Gkl O — Lot SR (8] (9], HBEEWT IR N, B HIL, G2 EH, LA ARG
KGRI 5 ETE gD 1) 5IN[10], 43 S5 A Rl o7 2 m 75 A0 A 706038 Hh AR SR AR AT S IR N BRI 9
bEE giiHE S AR S 2 SRR R TR R IR S R DL — S B R ERI R R, Al
WHNEAE RS RN S EE ARt 7Ern Bk . St 2. SRR EAL(SVM: Support Vector Machine)
LA EIEH T KA. Z R PRI CL R AEL MEASTE T, WE— @R FIRFHEE Rk
RE[11] [12][13]. T H, L% AR 515 TE g i AH 45 & 78 5L e 25 A 32 PR 0 N BE AT FRAICTH B 2 S
ARSI AF IR [14] [15]. AR 25328 SVM 8%, X MPPSK #2UH L H A5 5 AT hAifd 8, )
51N T LDPC 3R A AE A e iy, DAHISRTS R G B AR BRI 4R T

2. MPPSK AHIHAR

N TR AT REHBAE A BR ARy 98 AR S KR AOAE )2, DARSENT i 38 A R PR DI 2 20 S 2 Y X o 9 2 4
HREOR . HIER 5 1 gr — bR I B 2 R R p . RS R . MRS DL R IR AIE S 2
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TC AT R T3 s Btk (o 2, TR BIEBPSKIAHIE SIS “0” M “1” WEANMNIEZE
B, (HRFS 17 FRA X R R KA A B AR AL B AR — M e R S ISR B, AN
REAF 7 1bitf5 2., 1K EBPSK S bk b ir B R I AH S &, AT 43 28 1% 2008 5 = (OMPPSKf i, ik — 3042
EAE R 2 . MPPSK R Hil B ARYER IS BAL = R, CREF SN O, A SO T S A7
B, MNISEBL T A T R4
MPPSK 1 fill 1) 3 A% AR N oA 2 A5 T 455 o I L B 7 38 1 A [ Tt dd ik, AT P R BE %

fEE. M5 NT A MPPSK 14t —RIEAX A1), Hri, SERRRENMAS kA M FEUE:
T =1/ f, NEBAW: r ARSI RIRESRIE T HHZ8 M. Ko N 0Rr, ITEHE S8 1%
R A MVERE . RIS M =2, r, =0, (DEVBILY EBPSK #ifil. # 1 43t 1 16PPSK i
HHEAE AL E SN A A, R AT DUE BN [F ) 3 o T S0 B RS A DARER AN A
OFCPTW AR

sinw,t 0<t<NT k=0

sin f.t 0<t<(k-1)KT

file)= sin(ft+0) (k=1)KT<t<(k-r,)KT,0<0<m  1<k<M-1

M

sin £, (k=r,)KT <t<NT

Table 1. 16PPSK modulation events, locations, and corresponding binary combinations

%2 1. 16PPSK AHIEM., MESMNA_#HEIHEES

MPPSK ifF#l
K TR B it B R A K TR B of B R A
0 KA A A 0000 8 8 1000
1 1 0001 9 9 1001
2 2 0010 10 10 1010
3 3 0011 11 11 1011
4 4 0100 12 12 1100
5 5 0101 13 13 1101
6 6 0110 14 14 1110

7 7 0111 15 15 1111

Y5 EBPSK il S H-ERD o2 a2 B AR, MPPSK il S R B%s e 50 B A5 BAHAE &, AHALBEAR
FEFF S EE IR AL B/ MPPSK e N E Sz — . X7 BAR S AL RO ™ A fe o U3
ONSERE, B 1 g5 T MPPSK I HIE S R MR . BENLE MRS R, AFEATS BER
(D#E, [ARSHERARGL AR B, (5B FPHIh o fhIEA R %R, 1 ¢ RS T WAL E
ARRL AR GLE, AR AL B BN RS AN R A

A1 BB sk, 8 ) B A UL kA2 i 7 B T 43 MPPSK Rl 2 frow,
KRS0 K =1, N=5, r,=0. 5 EBPSK ALk, P& MALRMBIGLE EAE, A, £EAH R
R TCRFEL [a] A AT BLAR S S 2 145 2
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Figure 1. The MPPSK modulation process
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Figure 2. 4PPSK modulation waveform
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Figure 3. The power spectrum of MPPSK and the power spectrum after the suppression line spectrum. (a) The power spec
trum at the modulation parameters K =2, N =36 and M = 16; (b) The power spectrum at the modulation parameters K =2, N

=30and M =16
[& 3. MPPSK IhZR{E R INFILLIERITIRIL, (a) FFISH K=2.N=36 F1 M =16 FIRIIHZERE; (b) FFISEH K =2,

N=30F1 M= 16 BHITHZRL
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HT 22 m T A E, HEMFIZE R, REMA=0R/Im . tbif, A5 TFRA:
N=(M-1)K 3)

RPN M A K 55 2 3R3) R B R AT 2k 1% . 19 3 Fias AR TR #1250 i MPPSK. IR i,
HE 3 AMSECNK =2, N=36FMM=16; 1M 3(b)H A% SHEHERG)MK R W LKA
CLER], [ 3a) mh g i S 3(b)SEnais, i B B ANAR, Rl ek 42 o) 8 ) 2 0 w0 2%
T R EAT ok P B D R R B S B

3. MPPSK A& S5{E1E45

MPPSK i iill | FI A 70 Ji B AN [E) 7 B 1) 35 A AR R AN [F] 1 55, A1 A a2 o iff o A 1
P E AR TS TEME R 5, %A E G RO E A, X F50 2R I e = AR BOR B
HRER B M7, XA EAS BAKBUR, T H AR R AR, RN ATE S SRR AR, AN
ERAEE AL MPPSK L, ik, ASC#E MPPSK R 4: 5] N£ 4025 SVM I DU B A5 5 I F
47 LDPC 44,

3.1. SVM &4

25y SVM AR —FRASLAE EXEIN 2RI, BRI 2 A RHIRMSURIE, AR THE MPPSK
PR G R EA E IS SURI A I EBD), R IR T e — IR AR B U ZRP R AR 7
FRPIAS, MUCHIE B A T RER 0 SRR (B0 ke DIAIETAIE N = k (k= 1)/ 2 D0 K. TR TR
AR, FIJSRIn 4. R sign((w’”’ ) ‘P(xi)+b"")¢ﬁﬁ xJBTHEp X MBS p K, R
Hom s BN g FEEEON 1 BERSERURTE x BB R SR A2 d1F MPPSK i A FfL
B BB AR M P RIERE S, DTS ARAE SIF ko LA B A5 R B 27 AT Rl

min l(W"")T w? +CZ§,.M

whe ppa gpd 2
(qu)qu(Xi)‘i'bpqZl_épq’%yi:p’ )
(qu)T\P(Xi)+bpq 2_1+§ipq’ M:J]yi =9
é”q >0.

3.2. MPPSK R RVIELMEHR M

MPPSK i il] 2 4t AR Lt A AR AL TAL G i) 1T BRASIAE MBS0 T T R GE 1 RE A B2 T
KN TARZE N 2% 2 [7)4% #%(ANN-BP: Artificial Neural Network using the Back Propagation Algorithm)$7%F]
JHI SIF % th (R 22 5 AN G EARAE, AN PERE W] B A0 T % 502 T BIAH3A(PLL: Phase Locked Loop) T TRF
PI7E, T EBPSK TR 16]. fE2, ZITEIF AR FE MR BN U AT %L, K SIF ity
T RAHAAEE Y ANN-BP BN, FERAERE S, BIMEE M AEBUNTE LN ROR R HE LUK SZ ) AR
i MPPSK RIS 5 (1HF i3/ 8 KA S SURHE I 2R 2 7028 SVM S EAT ARSI, )] A 288 FRAEK
RS2 B . BT MPPSK IS 5 2EMS 7o 8 IR AN [RI A7 B4 T Re tH IUARAL Bk AR 3 hl 75 AR A
570 JE BN IR BCRFE S BOFFIE R &, X5 EBPSK WEE 5 G AR .. #iEhliEBCRAE s s, W
KRR D IRHE M BRI 58 7028 SVM NZR SN, AT VSRR FE ERIR RS TH RS %
&, T I GTTBRA AR REAEA AT e i E s AL E . FZE4R R, T MPPSK SRS A, #
RS A A F AL B A AR B A AT S, POV S RE R I U SO EAS B
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Figure 4. The MPPSK modulation signal passes through the waveform after SIF
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Figure 5. The structure diagram of multi-classification SVM detection is applied in MPPSK system
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Figure 6. Output waveforms detected in MPPSK based on multiclassified SVMs
Bl 6. MPPSK HRET %572 SVM 4 R4 5 2
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EA RIS T, T 58 MR A A -

4. SRR

N T A2 432 SVM AEZR MEAS I 23 7 MPPSK Wil RGE 1T BE, A SCHEDT B FE 3000 ANFEAL
B ICEN SVM INZRAEAR, HURFF R I=10; R M =4, N=10, K=2, O=n, A=B=1, r,=0%
PR ) MPPSK WS TE, RFEZ £, =10f, o iE#:A5K Ny 1000, 53 1/2 (1) LDPC #INAS1E 915 18 bl
AR 50 Yo MIRAD TCHCN 10°, FHZt 1000 Yz FIRER J5 BT E1E .

AR 7745 N T MPPSK 5 Sl (1) 52 2% B LA S PEREERANE], 1] 7 s N %5328 SVM. ANN-BP
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ROTI 2 J Jo BEo — , IX AR T 2402 SVM 5 BAEMNA Z A S AT VISR A3 21 43 2B AL, 1) HLAGIE
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Figure 7. Different methods of MPPSK detection performance and EBPSK-TD performance curve
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