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Table 1 Simulation Parameters

Category Parameter Value/Description
Spatial range [X,Y,Z] [10m,10m,30m ]
Background temperature Main reflector/Subreflector/ Ambient 25°C/50°C/15C
Interpolation method Cubic spline ——
Dynamic disturbances Disturbance 1.2 Gaussian distribution
Number of sensors — 30
Sensor distribution — Uniform random
Reconstruction method — Anisotropic RBF
Test points Number 6
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Fig.2 Simulated temperature field and its environmental disturbances. (a) Simulated background temperature field without distur-
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Table2 Temperature reconstruction error at test points

Unit: C

i Temperature varia-
Temperature field re-

Test points True value ) Error tion field reconstruc- Error
construction .
tion
1 17.305 18.247 0.943 17.214 0.091
2 15.778 15.391 0.387 15.789 0.011
3 15.303 13.733 1.570 15.617 0.314
4 18.664 17.987 0.677 18.563 0.101
5 31.327 31.036 0.291 31.351 0.024
6 43.490 41.369 2.121 43.561 0.071
Mean error 0.998 0.102

B4 33 M Jr FAEAR o (a) & 1) ST AR BRI M U A A AE A% 5 (b) B9 b 25m 5t e 2 30 85 3 &L B 300 M0 7 RAE R
Fig.4 Environmental Monitoring (a) Three-dimensional environmental monitoring model; (b) Environmental monitoring for
the main reflector and subreflector of the 25m telescope at Nanshan radio telescope
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Fig.5 Temperature variation curves between the main reflector and subreflector of the large—aperture radio telescope
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Fig.6 Error Heatmaps of Reconstruction Methods (a) MAE for Temperature Field Reconstruction; (b) MAE for Temperature
Change Field Reconstruction; (¢) RMSE for Temperature Field Reconstruction; (d) RMSE for Temperature Change
Field Reconstruction
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Research on the Temperature Variation Field Reconstruction Between
the Main Reflector and Subreflector of the Large-Aperture Radio
Telescope

ZHANG Xuan'?, LI Xijie?, GAO Ming', LIN Shangmin®**, WANG Hu***, LAI Yunqiang™®,
LV Hong'
(1 School of Opto— Electronical Engineering, Xi’ an Technological University, No.2 Xuefuzhonglu Road ,Xi’ an
710021, China)
(2 Xi’ an Institute of Optics and Precision Mechanics of Chinese Academy of Science, Xi'an 710119, China)
(3 University of Chinese Academy of Sciences, Beijing 100049, China)
(4 Xi'an Space Sensor Optical Technology Engineering Research Center, Xi'an 710/19, China)

Abstract: The pose measurement accuracy of the main reflector and subreflector in the large—aperture radio
telescope is severely degraded by the complex environmental disturbances. Specifically, non-uniform
thermal stratification caused by solar radiation, heat concentration, and wind fields induces significant
refractive index gradients. This leads to laser beam deflection, which undermines measurement stability.
Accurate reconstruction of the three-dimensional temperature field is essential for evaluating and correcting
such deflections. Conventional spatial interpolation methods struggle with the abrupt vertical temperature
gradients and anisotropic structures inherent in this environment. Therefore, this study aims to develop a
high—precision method for reconstructing the spatial temperature variation field. By integrating anisotropic
corrections with a temporal decomposition strategy, this research overcomes the limitations of conventional
methods in handling real-time dynamic characteristics in complex spatial correlations. To address the
limitations of traditional spatial interpolation methods in handling abrupt vertical gradients caused by non—
uniform stratification, a novel spatial temperature variation field reconstruction method is proposed. This
method introduces an anisotropic correction matrix and a position—-dependent distance tensor to adapt
weight functions to local temperature gradient directions. The temperature field is decomposed into a
slowly varying background term and an instantaneous fluctuation term. The slow—varying background term
is obtained using a sliding time window sequence of discrete sensors, while the fluctuation term is
reconstructed using improved anisotropic spatial interpolation. Based on this, traditional algorithms,
including Inverse Distance Weighting (IDW) , Radial Basis Function (RBF), Universal Kriging (UK) ,
and Compressive Sensing with Low-Rank Sparse (CS-L.RS) reconstruction, are improved and evaluated.
To validate the methodology, a three-dimensional non—uniform temperature stratification simulation
environment was established with superimposed Gaussian dynamic disturbances. Furthermore, a spatial
three—dimensional environmental monitoring model was constructed on the Nanshan 25m radio telescope,
utilizing an array of 30 high—precision temperature sensors for field experiments.In the simulation analysis,
directly interpolating absolute temperatures resulted in obvious step smoothing distortions and localized
bullseye effects. In contrast, the proposed temperature variation field reconstruction, by filtering out the
slow—-varying background, clearly restored the two disturbance air masses with well-preserved details.
Quantitative results showed the average reconstruction error at six test points decreased from 0.998 °C with
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direct interpolation to 0.102 °C with the proposed model. The field experiment on the Nanshan 25 m radio
telescope confirmed the presence of a significant vertical temperature gradient superimposed with high—-
frequency temperature pulsations. Using 24 sensors as sampling inputs and 6 as validation points, the
reconstruction errors were evaluated via Mean Absolute Error (MAE) and Root Mean Squared Error
(RMSE). The experimental results demonstrated that the four improved methods in the proposed model
exhibited significantly higher accuracy compared to traditional direct reconstruction. Among them, the
anisotropic IDW method achieved the highest reconstruction accuracy for both the temperature field and the
temperature variation field, with an RMSE as low as 0.11 “C. Conversely, CS-LRS showed the worst
precision in temperature field reconstruction, while anisotropic RBF performed the worst in the variation
field reconstruction. Furthermore, the analysis of specific locations revealed that sensors in the intermediate
free air layer, which are less affected by the extreme temperature differences of the reflectors, exhibited the
smallest reconstruction errors. The proposed temperature variation field reconstruction method, which
combines anisotropic interpolation with background—fluctuation separation, effectively overcomes the
limitations of traditional spatial interpolation in complex environments. By reconstructing only the transient
turbulent fluctuations, the model circumvents severe errors induced by steep background gradients. The
anisotropic IDW algorithm demonstrates the best overall performance and is the most suitable for the
environmental field reconstruction of the large—aperture radio telescope. This work provides a core
theoretical and data foundation for subsequent wind-field parameter inversion and real-time precise
correction of laser atmospheric transmission deflection.

Key words: Large-aperture radio telescope; Temperature variation field; Environmental monitoring;
Anisotropic interpolation; Laser deflection accuracy
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