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Figure 1 (a) The VLA baseline coverage; (b) measured dirty image; (c) test image of the W28; (d—g) reconstructed images for [IUWT, AIRI, LPG and
CTRI; (h—k) reconstruction error images for IUWT, AIRI, LPG and CTRI; (1-o) residual dirty images for IUWT, AIRI, LPG and CTRI

1 W2sEMMEESTH

Table 1 Reconstruction performance comparison for the W28

Sk fri" t(dB) PRIE I (s) AR YR HIFER (5)
IUWT 29.79 0.03373 169.53 54 3.1394
AIRI 34.01 0.02430 199.50 200 0.9975
LPG 35.16 0.01502 222.59 39 5.7074
CTRI 36.02 0.00676 122.02 37 3.2978
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Figure 2 Evaluation of algorithm reconstruction performance under different noise levels. (a) Convergence curve of the CTRI algorithm; (b) SNR
comparison of different algorithms; (c) fidelity comparison of different algorithms
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Table 2 Reconstruction performance comparison for the Sun
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Fast imaging method based on curvelet transform for
radio-interferometric arrays
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Radio-interferometric arrays have become a crucial tool in astronomical observation, playing a vital role in many fields
such as astronomy and astrophysics. These instruments synthesize virtual large apertures through interferometric
techniques using sparsely distributed small antennas, achieving unprecedented angular resolution. However, since the
observation data of radio-interferometric arrays only cover part of the spatial frequencies, the imaging process is essentially
an ill-posed inverse problem. Conventional methods like CLEAN algorithms have limitations in image quality and
scalability to massive datasets. Although compressed sensing (CS) has exhibited remarkable performance in radio-
interferometric imaging, existing CS-based radio-interferometric imaging algorithms still suffer from the following
drawbacks: in terms of sparse bases, they have insufficient sparse representation capability, especially in characterizing the
structural features of radio images; in terms of optimization algorithms, they adopt L;-norm minimization to approximately
replace the intractable Lj-norm minimization problem, which inevitably introduces reconstruction bias and compromises
imaging fidelity, particularly for astronomical sources with high dynamic range.

To address this issue, this paper proposes a high-precision and fast imaging method based on the curvelet transform. First,
we employ the fast discrete curvelet transform (FDCT) via the wrapping algorithm to sparsely represent astronomical
images, which provides a multi-scale and multi-directional analysis capability that effectively captures structural features
such as edges and curved filaments with remarkable efficiency. Compared to traditional wavelet-based methods, the FDCT
substantially enhances the quality of sparse representation. Second, the smoothly clipped absolute deviation (SCAD)
penalty is adopted instead of the conventional L; norm to more accurately approximate the ideal Ly norm, thus reducing
reconstruction bias in sparse recovery while maintaining computational tractability. Building on this formulation, an
improved proximal gradient algorithm is developed to solve the non-convex optimization problem. Moreover, the inertia-
start and gradient-based restart strategies are incorporated into the iterative process to effectively suppress oscillations and
accelerate convergence. Furthermore, the maximum likelihood estimation is used to adaptively select the regularization
parameter during iterations, eliminating the need for manual parameter tuning and enhancing the robustness of the
algorithm.

Several simulations and real-data experiments have been conducted using the Very Large Array (VLA) and the
DAocheng Radio Telescope (DART). The experimental results show that the proposed method is significantly superior to
the adaptive scale pixel decomposition algorithm (Asp-CLEAN) in terms of reconstruction accuracy evaluated by signal-
to-noise ratio and image domain data fidelity, though it is slower in computational speed than Asp-CLEAN. Besides, the
proposed method outperforms existing compressed sensing algorithms such as isotropic undecimated wavelet transform
(IUWT), artificial intelligence for regularization in radio-interferometric imaging (AIRI) and L, proximal gradient (LPG)
in both reconstruction accuracy and computational efficiency, thus verifying its effectiveness. These results offer a
promising new approach for efficient and high-quality imaging of future large-scale radio-interferometric arrays such as the
Square Kilometre Array (SKA).

radio telescope, radio interferometry, image reconstruction, compressed sensing, curvelet transform

doi: 10.1360/CSB-2025-5933

4310


emailto:yanjingye@nssc.ac.cn
https://doi.org/10.1360/CSB-2025-5933

	基于曲波变换的射电干涉阵列快速成像方法
	1基于压缩感知的射电干涉成像方法
	2基于曲波变换的快速成像方法
	2.1快速离散曲波变换
	2.2基于平滑截断绝对偏差的非凸优化算法

	3实验结果
	4结论

	Fast imaging method based on curvelet transform for �radio-interferometric arrays

