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Chaotic time series reconstr uction and security alarm system of rock mass
defor mation in under sea mining

LIU Zhi-xiang, LIU Chao, L1U Qiang, YUE Yan-liang
(College of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: The displacements of strata at different heights of an undersea gold mine during the mining process are monitored.
The time series of stratum displacement are reconstructed in phase space. The changing laws of distance between two phase
points for the displacement of strata at different heights in the phase space are reveded using the chaos theory. A prediction
model for the evolution laws of phase space distance of stratum displacement is established based on the neural network, by
which the stratum displacement of undersea mining in Xinli mining areais predicted. Then the security early warning system of
strata displacement for the undersea mining is established. A neural network is trained through the combination of gradient
descent method and chaos optimization method. The neura network model can achieve the merit of rapid training. Meanwhile,
the defect of local minimum is avoided, and the calculation precision of the model isimproved. The results show that the strata
at different heights have different chaotic behaviors. After the reconstruction of phase space, subtle features of strata
displacement change are enlarged, and the inherent law of stratais adequately demonstrated, which is the basis of the security
warnhing system of the undersea mining.
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Fig. 1 Sketch of stratum displacement monitoring
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Fig. 2 Sketch of single-point extensometers
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Fig. 3 Curves of measured displacement
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Fig. 5 Time-power spectrum curves for stratum displacement
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Table 1 Comparison between predicted and measured results by different methods

B M e i T e S T
X(t90 ) 1.720 1.695 1.5 1.123 1.118 0.4 0.798 0.776 2.8
g% X(tgl) 1.726 1.701 1.4 1.126 1.135 0.8 0.800 0.840 5.0
X(t92 ) 1.728 1.736 0.5 1.127 1.074 4.7 0.801 0.819 2.2
X(t90 ) 1.720 1.789 4.0 1.123 1.144 1.9 0.798 0.835 4.6
G';%(gél) X(tgl) 1.726 1.836 6.4 1.126 1.173 4.2 0.800 0.847 59
X(t92 ) 1.728 1.841 6.5 1.127 1.209 7.3 0.801 0.852 6.4
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