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ABSTRACT

Digital satellite communication channels have nonlinearities with memory due to saturation characteristics of
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traveling wave tube amplifier in the satellite and transmitter/receiver linear filters. In this paper, we propose a net-

work structure and a learning algorithm for complex pi-sigma network (CPSN) and exploit CPSN in the problem

of equalization of nonlinear satellite channels. The proposed CPSN is a complex-valued extension of real-valued

pi-sigma network that is a higher-order feedforward network with fast learning while greatly reducing network

complexity by utilizing efficient form of polynomials for many input variables. The performance of the proposed

CPSN is demonstrated by computer simulations on the equalization of complex-valued QPSK input symbols dis-

torted by a nonlinear channel modeled as a Volterra series and additive noise. The results indicate that the CPSN

shows good equalization performance, fast convergence, and less computations as compared to conventional

higher-order models such as Volterra filters.
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Fig. 5 Constellations for QPSK test data equalized by the
2nd order CPSN.
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155 1 05 0 05 3 15 5% 1 05 o 0s 3 15
(c) E4/N, = 15dB (d) E,/N; = 30dB
22 6. 32 CPSNZ A18-3te] $31¢ QPSK HI2E diojgjo) A&,
Fig. 6 Constellations for QPSK test data equalized by the 3rd order CPSN.
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Fig. 7 Constellations for QPSK test data equalized by the 3rd order Volterra filter.
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Fig. 8 Constellations for QPSK test data equalized by the
Sth order Volterra filter.
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Fig. 3 MSE learning curves for QPSK training data equalized by CPSN and Volterra filter.
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Fig. 10 BER curves for QPSK test data equalized by CPSN and Volterra filter (*=actual equalization results,
solid line = theoretical results for channels without nonlinearity)
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Table 1. Comparison on the computational complexity of CPSN and Vollterra filter.
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olE} & o] &3 &3 A4t (forward pass)# s 8t
e EE olgd A4 Fxe MM (backward
pass)oll Wad HF FAFE 25 Yehiy Qlch
CPSNe| 7%, 3.3 "HollM 7] € v F7) LMS &3
ol Al K7le] K& 94 Fx el AMdE o
o) Az Jepdch T3 Volterra YE{ 2] 79, pe=
AH8-¥ Volterra kernel?] H3 z}5rojm, N2k-Do
(2k—1)3} Volterra kernet C*71) o] A+ & ebd
o =EoA = ol 4 (16)3 222 Volterra B E|
o UgubAQl H#M o Eajshe FEE Volterra kernel
AAs ALG o2 A4 Hag §E2] 7
Ao, oo uie} At 33 (p=3)

-
e o

Volterra YE| 8} A9 NV=3, NP =180]3, SxHp=5)
9] AeE NP=3 NW=18, N®=550|1].
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2 N-f N~-1
ym=Y ¥ - L VN ym-n)
k=1 =0 my_ =0 TSN
X (=) X (=) (16)

o] A2FH fav §Y 4o s #<tE CPSN
o] 423 A2 Altgyte] Waghe & F don,
AL EH e Y WE e 279 ey algrt Fo1E
T8 o] Alo]9] Aol vl S AAA ). HA &
ol F8dE W7x 9 AL F L HolM Foin U3
whE o Aldberol] ALE-E g4y dlolE 4 23 4
"7kl 9] epoch  E& ¥t 2HE F Aok HA
& 2% 991X CPSN9] 3 FAdo] 4%53] Holdg
47 & ¢ den, ol g =29 H 122 $2de
ol Hagt AlA#Ee CPSNo} Volterra W] ]
wsl s 7t HEg 4 4 9l ol R4y
A A AA) BAE Aol

V.d &

& wddAe e Y, AL 49 ANF 539
Z2e A8 2= A 417423 2949 pi-sigma network
< Basg #8335 complex pi-sigma network(CPSN)
& AL old g &g InelF S FrsAY.
A HE CPSNL Volterra 5o o8l md gy g v A
g A4 B Ada FFol o8 A8 QPSK HE
o ug Esld olgHAoH, 5% F3} A
71& 2] Volterra WE) 9} 724 A} Rdof v wa] of
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T HE £ 54 2 A2 ANGFE HIE #81d)
At

oA ALRE WM sd 2d2 1, 3,
5x}9] Volterra kernel 2 o] &3}, o]+ A do 3x19}
52} a2zt o2 A HANPLE EATE 9
v] gt} 812 g, 33} Volterra WE| & o] &3 A9 5
at UE g o] &3 Aate & ol glan, ol v
Ao diftol 33 gEo|ate AM S vEAT
(F3 28 20 ® 1 F52 [6]o] ¥ 1 Fa). £, 23
CPSN9| At JA] 3319] A9-9F FALsHA £& A&
g 4 Ao, wetA F5 A7 FAZA Afd o
g 314 2 64-PSK G 70| oS Hire wix e
of didk F742< HHL Tl oleidt Al i
BFAQ WMol o] Fojriet & Ao Ajztyrl
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