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Diagram of temperature sensors deployment position. (a) Top view, (b) cross-sectional view.
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Fig.2 Diagram of temperature sensors field installation. (a) Manned crane for laying sensors, (b) sensors layout global diagram,

(c) sensors layout detail diagram.
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Fig.3 Diagram of fiber grating temperature measurement system data processing equipment. (a) Temperature sensor

acquisition device, (b) global view of the temperature collection device.
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Table 1 Results of the UFS methods

Results of EVSC Results of LS Results of SPEC
Index Score Index Score Index Score

16 439.2784514 P2 —4309698.11 13 71933.33533
13 124.5710628 03 —3962016.74 15 66452.00113
G6 80.57297229 02 —3324747.21 J4 66345.10519
E2 75.86214345 05 —2858378.13 J6 66206.18312
05 70.03045854 N2 —2476909.71 J3 66008.41117
P5 69.79317324 F5 —2196099.97 14 65832.43683
06 68.3097417 P1 —1906935.75 12 65536.05742
D5 67.68975572 F4 —1720000.58 11 65463.06731
03 66.14797888 G6 —1657903.68 K5 64803.86955
P6 65.98849135 F2 —1513577.35 J2 64731.03751
P3 64.97825356 F3 —1511204.93 H4 64587.98183
B3 63.49854558 Fé6 —1346486.11 E2 64209.0074
G5 63.44343847 F1 —1121846.04 J1 63860.48761
D4 63.33725886 04 —968166.182 H5 63659.32744
K5 63.29073154 G4 —600254.096 K6 63388.19794

N2 63.07514446 M2 —567571.238 E3 63147.70101
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Fig.4 Diagram of the sensitive temperature measuring points selected by the UFS method on the backup structure. (a) Feature
selection result obtained using EVSC, (b) feature selection result obtained using LS, (c) feature selection result obtained using
SPEC.
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Table 2 Model training results

UFS method R? RMSE/°C
EVSC 0.99001 0.707
LS 0.97651 1.240
SPEC 0.92423 2.284
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Fig.6 Diagram of RMSE and R? boxplot. (a) Diagram of RMSE boxplot, (b) diagram of R* boxplot.
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Table 3 Prediction accuracy of several extreme

working conditions

Name of working condition R? RMSE/°C
Relative strong wind 0.98397 0.816
Windless environment 0.99193 0.668
High temperature environment 0.99002 0.763
Low temperature environment 0.98598 0.642
Rainy and snowy 0.99344 0.576
Sunny and cloudless 0.99502 0.673
Strong sunshine environment 0.99213 0.857
Cloudless night environment  0.99299 0.565
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Table 4 Interpolation accuracy of continuous
temperature field

UFS method RMSE/°C

EVSC 1.912
LS 3.935
SPEC 5.163
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Spatial thermal maps of RMSE
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Predicting the Temperature Field Distribution of Radio
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AsstracT The influence of non-uniform temperature on the back-up structure (BUS) is one of the im-
portant factors that causes the accuracy of the main reflector of the radio telescope antenna to decrease.
Due to the complex topological structure of the BUS, there are shielding, heat conduction and heat radi-
ation among the rods, which makes the temperature field of the BUS difficult to be accurately obtained
and predicted by thermodynamic simulation. In this study, temperature sensors were installed on the BUS
of Nanshan 26-meter radio telescope (NSRT) to obtain the BUS temperature data set. Three different
unsupervised feature selection (UFS) methods were used to select 16 temperature sensitive points from
66 temperature measurement points, and then these three different sets of temperature sensitive points
were used as inputs. MIMO-BP (Multiple Input and Multiple Output - Back Propagation) neural net-
work model is used to train the predicted temperature values of 66 points corresponding to the output,
and then the temperature prediction of global continuous points on the BUS is realized by interpolation
algorithm. Through calculation and comparative analysis, it is concluded that the unsupervised feature
selection method based on eigenvalue sensitive criterion (EVSC) has the best effect on selecting tempera-
ture sensitive points. Combined with the BP neural network and Barnes interpolation algorithm, only 16
measured temperature points are used to predict the temperature field distribution of global continuous
points on the NSRT’s BUS. The root-mean-square error (RMSE) of the predicted value is about 0.707 °C.
The research result provides an alternative method for the arrangement of temperature collection points
and the acquisition and prediction of temperature field in the BUS of large aperture radio telescope.

Key words telescope, instrumentation: backup structure, methods: UFS (unsupervised feature selection),
methods: neural network



