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Adaptive Predistortion Based on RBF Neural Network for HPA

LI A+ hong, XIAO Shar zhu, ZHANG Er yang
( College of Electronic Science and Engineering, National Univ. of Defese Techmology, Changsha 410073, China)

Abstract: The more bandwidth efficient modulation schemes are used for hish speed data transmission systems in the satellite
communication. But these schemes are sensitive to the nonlinearty of high power amplifiers (HPA) . The nonlinearity of HPA causes
inter symbol nterference (ISI) and adjacent channel mterference ( ACI). A scheme for adapiive digital predistoition based on RBF
neural nework for HPA onboard the satellites was proposed to linearization HPA . And the adaptive arihmetic of stochastic gradient
method was derived. Simulation results show that the scheme can not only correct the constellation distortion obviously, but also mprove
the system BER perfomance greatly.

Key words: RBF neural network; high power amplifies; predistortion

(HPA) ,
, , HPA ,
[1-3
,HPA
, Volterra
[4]
[5- 6] (RBF) HPA
, RBF HPA ,
HPA , HPA ,
1
) ( TWTA)
* :2007- 09— 2
(113030401)

(1978—), .,



106

2008 3
HPA
( AM/AM) (AM/PM),  Saleh” :
A(r)= ar/(1+ Bir’) (1)
A r)= aor’/(1+ Bar’) (2)
, T L,A(T) AM/AM, 9(r) AM/PM HPA
Saleh (FIR)
HPA )
1
LN @ |4 ) x(n) u(n) y(n) _ AWGN
25| Gk iA A5 o HmE >
BT wuz [[] AR wxs |17
+ ’
-€ e (n)
A
B | wmiE | | )
74455 B ¥ 2%
1
Fig. 1 The rebitth satellie communication back channel base band model with predistorter
RBF
(RBF) . AR Mz 2
> 2 RBF
2 ;

151

(- 1) =g - e 01

yi(r) = :Z]wwi(llr— t ]

,tl’: G

s L

M-
M
LM+ K+ 1)
RBF

[8]

(3)

2 RBF
Fig.2  REF neural network archiecture

(4)

; L: SWit

L K

B



RBF HPA 107

3 RBF
2 RBF 1 , Saleh
x(n) r(n), M; 2
x(n) u(n)
e (o0 ) (5)
u(n)= yiLr(n)] expq jLO(n)+ yoLr n)]]}
,r(n): :0(n): syl r(n)] - AM/AM sy2Lr(n)] - AM/PM
HPA
y( ) A] n)exp{Jl: 9( n)+ yz[ n)] + Pl n)]}
= AL yi Lr(n)]] eXp{J[e( )+ y2Lr(n)] + PunlyiLr(n) ]]]} (7)
,Awa(®) Pun (*) HPA AM/AM AM/PM HPA
y(n) ~x(n), FIPA AM/AM AM/PM
, HPA
RBF HPA FIR : h= [ ho,
hi, - hu], Saleh
A(n)= h*y (n) (8)
yi(n)= [yi(n),yi(n= 1), - yi(n= M1 2 (4)
2 , L 7 L
L L L
e.(n)=r(n)-Al(n) (9)
es(n) =~ y2(n)= P1(n) (10)
W, (n+ 1)= @, (n)+ Ki*e(n) %ﬂl ho* (”r( - b D (11)
. A1(n M(IIr(n)—t I
to(n+ 1=t (n)+ Bove,(n) W(—)l hoe ( ) : (12)
| o . oAl(n) el lr(n- ol
Oi(n+ 1)= 0i(n)+ Hs*e(n)e oA (n) * ho® @ 30, () (13)
Al(n) a 20,84 (n)° (14)
OA(n) ~ 1+ BA(n)> [1+ BA(n)7]’
a‘P(”art(( ; tir m o [_ > n)- ti ||] Lr(n)-t/d, (15)
a"P n)— t 1 2 2
(”arq() ) n Xp[— Ellr( n)- t; II] e lr(n)- ¢ Il o (16)
@o(n+ 1) = @o(n)+ Hoeeof [Ilr( n) - teD (17)
to(n+ 1) = to(n)+ Uez‘ee(n)'wﬁ(n)'exp[— 2—r||r — by ||] [r(n)-tal /0 (18)

Go(n+ 1)= Op(n)+ Hy*eq(n)* (ﬂle(n)'exp[ 2 ”" (n)- 10”] ”r( n) — to ”2/ Uje (19)



108 2008 3
4
1 : 16
TCM-8PSK , 600M bps, 300MSps (S ):
, (FIR) ,
o= 0.6, 4 _FIR N 33;HPA (1 (2
TWTA, , = 2.1587, Bi= 1.1517, ao= 4.0033, Bo= 9. 104, FIR
9 . .
Pl FIR [0.7692 0.1538 0.0769]; Viterbi RBF
3 , 30 , 15
2 2 2 2
15 , 0.5, 0
3 8PSK , ,
2
4 )
2 107 T T T T T T T ™
15 ‘ ----- ‘
.7 10~
7/ ~
1 i R
\
10-3
| W »
4 A
g oo ! % o
1
-0.5 1
" “ 10-3
-1 N -
‘~ .7 10
-15 - ‘ 3
-2 107 L . PR . \ . A
-2 -1 0 1 2 T 8 9 10 11 12 13 14 15 16
A4 Eb/No
3 8PSK 4
Fig.3 8PSK constellation diagram Fg.4 BER curve
5
RBF (HPA) ,
HPA o HPA
, RBF HPA
[1] (1. L2001, 23(3): 44— 51,
[2] Bruce E W, Rl(,hdl"d N, Mm ali T. Neural Nework Based Adaptive Predstortion for the Lmeanzatlon of Nonlinear RF Amplifiers[ C]// TEEE M 1l iary
Comm. Conference, USA, 195: 145- 149.
[3] Langlet F, Ahdulkader H, Roviras D. Comparison of Neural Nework Adaptive Predistorsion T echniques for Satellite Down Links[ C]// IEEE IJCNN’
01, 2001, 1: 709- 714.
[4] HaganM T Demuth H B, Beale M H. [M]. s , 2006.
[5] Magus I, David W, Daniel R. Wideband Dynamic Modeling of Power /-\mpllflers Using Radlajrbasw Function Neural Networks[J]. [EEE Trans.
Microwave and Theory Tech., 2005, 53 (11): 342— 3428
[6] Magnus I, David W, Daniel R. A Comparative Analysis of Behavioral Models for RF Power Amplifiers[J]. IEEE Trans. on Microwave and
Techniques, 2006, 54(1): 348- 359.
[7] Saleh A M. Frequency-independent and Frequency- dependent Nonlinear Models of TWT Amplifiers[ J]. IEEE Trans. on Commu., 1981, 29( 11) :
1715~ 1720.
[8] [M]. , 2000: 40— 57.
[9] Jian L, Jdcek L A Least squares Volterra Predistorter for C()mpensatl()n ofNon—hnedr Effects with Memory in OFDM Transmiters| C]// Proceedings

of the 3 Annual CNSR, 2005.



