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Abstract

Highly oscillatory integrals arise widely in wave propagation, signal analysis, quantum physics, and
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engineering computation. This paper studies numerical methods for a class of Fourier-type oscillatory
integrals. Using the Filon quadrature framework, the amplitude function is locally approximated by
polynomials, while the oscillatory factor is integrated analytically to reduce the effect of high-fre-
quency oscillations. An adaptive partition strategy is further introduced according to the variation
of the amplitude function, refining nodes in rapidly changing regions and keeping them sparse in
smooth regions. Numerical experiments on exponential, rational, and locally peaked amplitude
functions compare the proposed adaptive Filon method with the composite trapezoidal rule, com-
posite Simpson rule, composite Gauss-Legendre quadrature, and uniform Filon methods. The re-
sults show that Filon-type methods are more stable than direct quadrature methods at high fre-
quencies, and the adaptive strategy effectively reduces local interpolation errors and improves the
accuracy of the standard uniform Filon method.
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Figure 1. Error variation trend of traditional method and adaptive algorithm of Example 1
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Table 1. Error comparison of Example 1
= 1. Efl—iREXTEL

® A S Simpson %%  H & Gauss % i Filon 1R Fiﬁ)rﬁgﬁ
100 7.247 x 10°° 3.097 x 1077 3.730 x 10716 1.014 x 1077 3.285 x 1078
501 7.253 x 10 9.015x 1075 1.156 x 107%5 2.681 x107° 2.681 x 107°
1257 7.669 x 107 5579 x 1071 3.553 x 10712 5.499 x 10710 5.499 x 10710
5000 1.007 x 107t 1.007 x 107t 9.010 x 10 1.222 x 1071 1.222 x 1071
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Figure 2. Error trend of traditional method and adaptive algorithm of Example 2
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Table 2. Error comparison of Example 2
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© WRRE  Simpson R aii%s mﬁﬁ% Fifgﬁ E%g
100 1.893 x 1077 2.053 x 107° 2.954 x 1077 1.343 x 1074 1.253 x 1078 90
501 5.006 x 10°® 5.289 x 1077 1.370 x 10716 7.527 x 1078 2.130 x 108 87
1257 6.259 x 1076 8.848 x 1072 3.809 x 10714 5.779 x 1077 1.308 x 1077 33
5000 2471 x 1073 2.470 x 1073 6.382 x 1076 1.818 x 10°° 2.486 x 1078 16
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Figure 3. Error variation trend of traditional method and adaptive algorithm of Example 3
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Table 3. Error comparison of Example 3

= 3. BHHI=REXLE

® IR R 2 Simpson %% Gai%% F”(?E'Ejf.%% Fiaﬁgﬁ ERCIVAER IR
100 1.140x 1071 1.441x106  9848x108  6.101x10* 1.736 x 108 84
501 2711x106  5823x10  5311x10%  2762x10°° 2.879 x 1078 95
1257 1.246 x 101 1.246x 101 8322x10%  1873x10°® 3.465 x 108 66
5000 5.726 x 1073 5.726 x 103 1.762 x 107 3.209 x 1077 8.547 x 10°° 21
Table 4. Influence of different initial fractions N, on adaptive Filon method
= 4 TFEIEFISHN, X BIER Filon 75ERIFZ M0
S N, B2 IX T4 ik e YRR THEE /s
H— 6 6 1 2233 x107° 0.0002
H— 12 12 1 5.499 x 10710 0.0002
H— 24 24 1 1.487 x 10710 0.0004
H— 48 48 1 4.805 x 10711 0.0007
H— 6 31 5 1.230 x 107 0.0011
H— 12 33 4 1.308 x 1077 0.0017
H— 24 41 3 1.471 x 1077 0.0013
B — 48 56 2 1.574 x 1077 0.0015
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HAHI = 6 62 8 3.465 x 10°8 0.0032
HAHI = 12 66 7 3.465 x 10°8 0.0032
A = 24 75 6 3.085 x 108 0.0038
A = 48 94 5 2.886 x 1078 0.0044

% 5 BERGINE 0=1257 « REBME N, =12, FBERAFEIEH 735 e 045 R0 .

Table 5. Influence of different error threshold & on adaptive Filon method
= 5. TEIRESE ¢ X BIER Filon 75 7ERF 00

1 £ T2 IX % I E AR 2 THE[A]/s
A — 1x107 12 1 5.499 x 10710 0.0002
A — 1x1078 12 1 5.499 x 10710 0.0002
A — 1x 1070 34 3 2.242 x 10710 0.0008
A — 1x10712 320 6 4.205 x 10712 0.0085
S 1x107 12 1 5.779 x 1077 0.0002
S 1x1078 33 4 1.308 x 1077 0.0011
S 1x 1070 279 7 1.077 x 107° 0.0098
S 1x10712 881 8 5.134 x 10712 0.0298
A5 = 1x10° 14 2 1.509 x 106 0.0004
S = 1x10°8 66 7 3.465 x 108 0.0039
= 1x1070 272 8 2.238 x10°° 0.0090
= 1x10%2 762 10 1.209 x 10711 0.0320
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