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Numerical Method for the Analysis of Bilinear Systems
via Legendre Wavelets
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Abstract: In this paper, an efficient computational method is presented for state space analysis of bilinear systems via Legendre
wavelets. The differential matrix equation is converted to a generalized Sylvester matrix equation by using Legendre wavelets as a
basis. First, an explicit expression for the inverse of the integral operational matrix of the Legendre wavelets is presented. Then using
it, we propose a preorder traversal algorithm to solve the generalized Sylvester matrix equation, which greatly reduces the
computation time. Finally the efficiency of the proposed method is discussed using numerical examples.
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Runge Kutta vs. Proposed method, M=5, K=3
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Fig. 1. State trajectories at M =5, K=3.

Runge Kutta vs. Proposed method, M=5, K=5
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1.2 T T T
Exact : x,
1 Exact : x, H
\ e Proposed method : Xy
0.8L ﬂ\s\s\& o Proposed method : x, |4
‘S\S\ﬁ\&
“Ss.
06 e J
) e -
E Swe\e”e\
@ e
0.4+ oo q |
P AR e
i
L o i
0.2 e o
‘/f
o " |
-0.2 L I I
0 1/4 12 3/4 1

time

% 3. M=5K=3 ¢ uf A ¥ AA.
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Exact solutions vs. Proposed method, M=5, K=5
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Table 1. Comparison of the proposed solution against the exact
solution M =3, K=3).
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F 2. 344 sfiet AlekE el o M =7,K=6).

Table 2. Comparison of the proposed solution against the exact
solution M =7, K=6).
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0 1 0 1.00001 | 8,8x107™" [3.3x107'¢ | -8.8x 107"
0.125392 [ 0.8824140.110071 | 0.882414 | 0.110071 0 2.7x1077

0.250784 0.779864|0.191578 [ 0.779864 | 0.191578 [2.2x10 ' 0

0.376176 | 0.69095 |0.248315| 0.69095 | 0.248315 [2.2x107° | -8.3x107"

0.501567 [0.613929{0.284463 | 0.613929 | 0.284463 | 1.1x107'* | -5.5x107"7

0.626959 [0.547024|0.304121 | 0.547024 | 0.304121 | 1.1x107" | -5.5%x107"7

0.752351 [0.488606(0.311022 | 0.488606 | 0.311022 [1.6x10 '°| 1.1x10 '

—_

0.39294 {0.299261 | 0.39294 | 0.299261 |5.5x1077| 5.5x107"7

O(m(2n’ +2n%)) 24 ARFFE Zo|HAME
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