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Evaluation method for dynamic measurement result of atmospheric
pressure based on grey bootstrap model

Zhang Long, Ye Song, Wang Xiaolei,Zhou Shudao

( College of Meteorology and Oceanography, National University of Defense Technology, Nanjing 211101, China)

Abstract : The grey bootstrap evaluation model GBM (1, 1) for dynamic measurement results of atmospheric pressure is built through
fusing the grey model GM (1, 1), bootstrap method and uncertainty evaluation theory. The parameters, such as the estimated true
value, estimated interval and mean uncertainty are selected to describe the estimation results. The experiment results indicate that the
GBM (1, 1) model combines the advantages of the GM (1, 1) grey model and bootstrap method, can accurately simulate the
probability distribution of dynamic measurement data and track the variation trends of the measured quantity during dynamic measurement
progress. The maximum value and mean value of the estimated errors are smaller than those of the measurement errors of original data,
respectively. The interval estimation reliability of the GBM (1, 1) model exceeds 96% , and the estimated interval can fully envelop the
dynamic fluctuation range of the measured quantity, which proves that the GBM (1, 1) model can improve the measurement accuracy of
atmospheric pressure and evaluate the uncertainty of dynamic measurement results accurately.
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Table 1 Relationship between the parameters m and B with the estimation reliability P,

m 3 4 5 6 7 8
B 10 ~50 25 ~ 100 100 ~500 100 ~ 800 100 ~2 000 1 000 ~2 000
Py 99.22 ~100 99.61 ~100 99.80 ~ 100 98.44 ~100 96.10 ~99. 80 91.40 ~96.87
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(a) True value estimation result of grey model GM(1,1)
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(b) True value estimation result of bootstrap method
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(c) True value estimation result of grey bootstrap model GBM(1,1)
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Fig.1 True value estimation results of three methods
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(a) Measurement error of the original data
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(c) Estimation error of bootstrapmethod
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(d) Estimation error of grey bootstrap modelGBM (1,1)
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Fig.2 Measurement error of original data and the

estimation errors of three methods
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Table 2 Comparison between the maximum values and mean values of measurement error and estimation error

(hPa)
W R ATtz
Bootstrap J5 GM(1,1) Bootstrap J72 GBM(1,1)
=3 N[ -0.107 -0.121 -0.110 -0.100
RS- HH -0.095 1 -0.094 0 -0.0953 -0.094 5

TR A IX ] [ -0.106, —0.083]

[ -0.121, -0.068]

[ -0.101, -0.079] [ -0.102, -0.090]
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Fig.3 Interval estimation results of bootstrap method

under different confidence probability
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Fig.4 Interval estimation results of GBM (1, 1) model

under different confidence probability
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Table 3 Comparison between the interval estimation
reliability of GBM (1, 1) model and bootstrap method

(%)
N XA T m] 4
EAFKT/%
Bootstrap J72 GBM(1,1) 7]
90 70.51 96. 84
95 75.44 97. 65
99 79.87 98.91
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(b) The confidence probability is 95%
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Fig.5 Dynamic uncertainties of bootstrap method

under different confidence probability
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Fig. 6 Dynamic uncertainties of GBM (1, 1) model
under different confidence probability
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Table 4 Comparison between the mean uncertainty
of bootstrap method and GBM (1, 1) model

SEBIANH E B/ hPa
BIFAKF "
Bootstrap J5 % GBM(1,1) i
90% 0.098 7 0.101 4
95% 0.114 2 0.120 2
99% 0.123 6 0.132 4
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Table 5 Comparison of the mean uncertainty under

the condition of the same estimation reliability

B X i+ PRI EBE/ hPa
K-/ % CIETS] 3 Bootstrap J5 ¥ GBM(1,1) 571
90 96. 84 0.1356 0.101 4
95 97.65 0.147 8 0.1202
98.91 0.153 1 0.132 4
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