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Abstract

To promote the multi-field applications of fiber optic sensing technology and address the core
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challenge of planar curve reconstruction modeling, this paper constructs a planar curve reconstruc-
tion model based on the fourth-order Runge-Kutta method and proposes a complete set of solutions
for curvature calculation and curve fitting. To obtain the continuous curvature distribution from
discrete measurement points, first, based on the correlation between curvature and wavelength,
the curvatures of FBG1-FBG6 in two initial states are calculated using the sensor’s wavelength meas-
urement data. Then, the cubic spline interpolation method is employed to fit the curvature curve.
Verified by SPSS software, the model’s correlation coefficient R? is approximately 1, accurately de-
fining the quantitative relationship between curvature and the horizontal coordinate x, and ena-
bling reliable estimation of curvature at corresponding positions. To achieve precise reconstruction
of the planar curve, a differential equation is constructed based on the above curvature data. After
substituting the curvature function, the fourth-order Runge-Kutta method is used to solve the ap-
proximate solution of the differential equation. Through Python programming iteration, the recon-
structed planar curve is obtained, and its core characteristics are analyzed. Additionally, to opti-
mize the sampling strategy for curve reconstruction and explore error sources, the plane curve y =
x3 +x (0 <x<1)is taken as the research object. Using a Python program, its arc length is calculated,
the number of sampling points n = 10 is set, and the horizontal coordinates and arc length intervals
of each sampling point are determined. The first and second derivatives at each sampling point are
solved, and curvature values are calculated in combination with the curvature formula. Then, iter-
ative methods are used to solve parameters such as arc length and tangent direction changes to
supplement coordinate points, ultimately drawing a comparative image of the reconstructed curve
and the original curve. Analysis shows that the errors in the reconstruction process mainly origi-
nate from sampling design, discrete data processing, approximate curvature calculation, and nu-
merical solution.
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Table 1. Curvatures of discrete sensing points FBG1-FBG6
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Table 2. Curvatures from cubic spline interpolation
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Figure 1. Verification of cubic spline interpolation for test 1
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Figure 2. Verification of cubic spline interpolation for test 2
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Curve Reconstruction using Runge-Kutta Method
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Figure 3. Reconstruction of plane curve based on fourth-order Runge-Kutta method for test 1
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Figure 4. Reconstruction of plane curve based on fourth-order Runge-Kutta method for test 2
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Figure 5. Curvature scatter plot
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Figure 6. Comparison diagram of the original plane curve and the reconstructed plane curve
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