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Comparative study on uncertainty evaluation of measured
wind speed of wind speed sensor

Lei Xiaomei' Dang Xuanfa' Zhang Haitao® Pan Zhuozhuo’

(1. Gansu Meteorological Information and Technical Equipment Support Center, Lanzhou 730020, China;
2. Gansu Meteorological Service Center, Lanzhou 730020, China)

Abstract: In the uncertainty evaluation of wind speed measured by wind speed sensors, the traditional method is to simplify the
measured wind speed model and use guide to the expression uncertainty in measurement (GUM) to evaluate. However, GUM is not
suitable for complex model. In order to study reliable method for the uncertainty evaluation of measured wind speed, GUM and Monte
Carlo method (MCM) were used for uncertainty evaluation. On the basis of comparative analysis of results, the applicability of GUM was
verified using MCM evaluation. The results show that under the simplified model, the difference between GUM and MCM evaluation is
small, but only when the standard uncertainty is taken as one significant digit, GUM evaluation method is verified and evaluation is
consistent; MCM evaluation under the actual measurement model are similar in envelope shape compared to GUM evaluation under
simplified model, but the best estimate of measured wind speed is significantly larger, GUM evaluation method cannot be validated;
When changing the distribution of some input variables, the two methods evaluated best estimated values of measured wind speed are very
close. However, the inclusion interval of GUM evaluation is significantly wider than that of MCM, the probability distribution difference
is significant, and GUM evaluation method cannot be validated. Therefore, appropriate evaluation methods should be selected according
to the complexity of model, the distribution of input quantities and accuracy of measurement. If the distribution of input quantities follows
normal distribution and measurement accuracy is not high, GUM can be used for evaluation. On the contrary, MCM is recommended to
evaluate to improve the accuracy and reliability of observation results.
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Table 1 Measurement data of verification point

GE S/ (mes™)  BFEIIES/ P S X/ (mes™h)
2 2.23 2.129 344
5 12. 64 5.069 520
10 50. 88 10. 171 076
20 206. 53 20. 492 026
30 466. 64 30. 802 382
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Table 2 GUM evaluation results (m/s)
7 7 1 B AN 2 B YA 2 S R A5 X ]
2 0. 002 527 0. 004 953 2.129 344 [2.124 390,2. 134 297 ]
5 0.006 318 0.012 383 5.069 520 [5.057 137,5.081 903 ]
10 0.012 636 0. 024 766 10. 171 076 [ 10. 146 309,10. 195 842]
20 0. 025 272 0. 049 533 20. 492 026 [20. 442 493,20. 541 559
30 0.037 908 0.074 299 30. 802 382 [30. 728 083,30. 876 682 ]
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Fig.3  Block diagram for MCM evaluation
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Table 3 Probability density function of inputs

KE s/ (mes™") IR FRETEIPN URALIEARTIA
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BeE I A

2 N (2.23,2.23x%0.005%)

5 N (12.64,12.64x0.005% )

10 N(25.3+273.15,0. 1) N(845.2,0.125) N(1.003,1.003%0.002 5) N (50. 88,50. 88x0. 005% )

20 N (206. 53,206. 53%0. 005% )

30 N (466. 64,466. 64x0. 005% )
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Table 4 MCM evaluation results (m/s)
T fliiE FRUEAS 2 B A2 X (8]
2 2.129 343 0. 002 689 [2.124 059, 2.134 615]
5 5.069 521 0. 006 401 [5.056 914, 5.082 068 ]
10 10. 171 071 0.012 851 [10. 145 853,10. 196 169]
20 20. 492 002 0.025 910 [20. 441 213,20. 542 762 ]
30 30. 802 351 0. 038 941 [30.725 963,30. 878 594 ]
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Table 5 Validation results (m/s)
K R TR 2E d, BRI S d, 8(1 1) 8" (2 1) AT (1) R (2 1)
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Table 6 MCM evaluation results under actual model

(m/s)
R 7 A i HE PRI B A5 X [H]
2 2.129 903 0. 002 691 [2.124 617,2.135 178 ]
5 5.070 825 0. 006 412 [5.058 239,5.083 358]
10 10. 173 709 0.012 855 [10. 148 484,10. 198 917]

20 20. 497 355
30 30. 810 317

0. 025 906
0.038 883

[ 20. 446 464 ,20. 548 222
[ 30. 733 903,30. 886 415]
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Table 7 Validation results under actual model

(m/s)

W TRRbsZE e PR i 22 wNE eI
2 0. 000 227 0. 000 881 0.000 5 2
5 0.001 102 0. 001 455 0.000 5 &
10 0.002 175 0. 003 075 0. 005 JE
20 0. 003 970 0. 006 664 0. 005 7
30 0. 005 820 0. 009 733 0. 005 &
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Table 8 GUM evaluation results after changing input distribution (m/s)
T E 5 G AN E B A2 S R £33 X 5]
2 0. 005 207 0. 010 206 2.129 344 [2.119 138,2.139 549 ]
5 0.013 017 0.025 514 5.069 520 [5.044 006,5. 095 034 ]
10 0. 026 035 0. 051 028 10. 171 076 [10. 120 048,10. 222 103]
20 0. 052 069 0. 102 056 20. 492 026 [20.389 970,20. 594 082 ]
30 0.078 104 0. 153 084 30. 802 382 [30. 649 299,30. 955 466 ]
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Table 9 MCM evaluation results after

changing input distribution (m/s)
K i, il PRHEARTE A3 7 X 18]
2 2.1293 43 0. 002 689 [2.124 047, 2. 134 627]
5 5.069 521 0. 006 401 [5.056 895, 5.082 078]
10 10. 171 071 0.012 851 [10. 145 738,10. 196 351 ]
20 20. 492 002 0.025 910 [20. 440 995,20. 542 874 ]
30 30. 802 351 0.038 941 [130.725 790, 30. 878 876 ]
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Table 10 Validation results after changing

input distribution (m/s)

Fo s bR EAE E B TR 2E DR 2 BEAZE BREET
2 0.002 689  0.004 909 0.004 922  0.000 5 I
5 0. 006 401 0.012 889 0.012 956  0.000 5 &
10 0.012 851 0.025 691 0.025 753 0. 005 &
20 0.025910 0.051 024 0.051 208 0. 005 7w
30 0.038 941 0.076 491  0.076 590 0. 005 &
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Fig. 6 Probability distribution of GUM and MCM at
10 m/s after changing input distribution
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