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A Modified Variable Step LMS Adaptive Filtering Algorithm for Satellite
High-Speed Broadband Digital Transmission System
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Abstract ;: Equalizing inter-symbol interference (ISI) quickly and effectively is one of keys for satellite high-speed
broadband digital transmission. A kind of S-type function (Sigmoid function and hyperbolic tangent function) variable step LMS
algorithms is discussed in this paper. These algorithms have flaws that u(n) changes a lot when error e(n) is close to zero and
high complexity. Therefore, an improved variable step LMS adaptive equalization algorithm is proposed. Through simplifying the
complexity of step formula update, increasing the amount of error information, optimizing the structure of modified S-type
functions and building new nonlinear relations between step factor w(n) and error function e(n), the step of new algorithm
changes not only smoothly and slowly when error e(n) is close to zero, but also eliminates the impact of uncorrelated noise
sequences. The complexity of the new algorithm is smaller than other similar modified algorithms. Simulation results show that
the performance of new algorithm is superior to other modified algorithms. The satellite high-speed broadband digital transmission
system simulation model is also given in this paper. When the new algorithm is applied to the adaptive equalizer of system model,
the system bit error rate (BER) performance is improved greatly.
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Table 1 Equalization algorithm operations

EaF TR TR B H JnsE & HBHER
X[2]5% 2N + 4 N+3 1
X[3]5H % 2N +6 N +4 1
X415 % 2N + 4 N +4 1
A BB 2N +5 N+1 1

HERIAUES, A CHHEREERLE =/
BB, AR SO R eIk (2] F (4] Bk TR B
BRI — kAN 8 IE B4 A 2 ORI 3 IR H
F DSP its i (n TMS320 R 7%1) B A & F A B8 13k
A%, Tk T FE— A48 4 JR N 58 L, A SOOIk Y
BHE BN, B REMR,

0

—— 1 RICH %
2t ——23 [2] $ik
——3 X [3] H¥k
-4 ——4 X [4] $3k
g -6
g
%) -8
S0l

121

oy ) iy

-14 | i it i [RERIMNERY i i
VRV ARG g ANy | el
1

-16

BS FXEHSXER(2].[3]M[4]BEERLEE

Fig.5 Performance comparison diagram among

algorithms in this paper, Ref. [2], Ref. [3] and Ref. [4]

HAEAXFEERSE p,.(n) = 0.08.a =
1000 1 B = 150, 3CHR[2] BES 8 o = 300 FiIB =
0.2,3CHk[3] BS% o = 10000 F18 = 0.2, CHk
(4] BESH o =80, B =0.2 il h = 2000,43 5 ik
300 WS E, AR SCE L 53CER[2] . [3]M[4] &
BB E A 5 fin. HEIHRATLUIE S, £
PR RS RMEF ST, AXERER
TR A AT SICEE B BB R R MR A AR SRR B
I, A SO BT R SOk (2] V(3 ][4 ] 4R Ay X 1
Bk ERE AL



%6

FHES . TERERHFHERENELRK LMS HH X 1427

3.2 AICEMATDERERW L RGN
T EREFTAHLE RGP AN 6 PR,

SRR
5% x(n) - - TR
VL LI g rroprscr j

%ﬁf‘(’f‘f VCRRUED: f—1 A
3|

E{ B Fiysm
fox

Be6 TEREEHIERRHAKE
Fig. 6 Simulation model of satellite high-speed

ST

+

e(n)

broadband digital transmission system

TEH RO DR R E R H T ERARS IR
WEAE S AT 5 AR 375M 155/ 10, TLEFE R
EREAE 2 A5 WA S8 A 0 6ns, 18 il 77 X
QPSK. & 10° />, KA SO Bk b A B Z R A0 B
R R LSRN T BT R IR R A

10° |

£
—o— 1 BFHTIRTER
—— 2 B R R
— 3MIRGR

102

¥
£ 10|
S
10 |
10 , . , \
0 5 10 15 20
{58t

B7 REEREEE

Fig.7 Bit error rate(BER) comparison diagram
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