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Fig. 6 Optimal sensor layouts for different sensor quantities using exhaustive search method
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Table 3  Optimal sensor layouts obtained by different
algorithms
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2 3 3 3
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7 16 16 16
8 19 19 19
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Fig.7 Optimal solution for different numbers of sensors
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Table 4 Optimal layout schemes for different
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Table 5 Simulated air volume for different optimal layout schemes m’/min
3 Q' o o ' Q o° Q' Q*
e 0. 000 0. 000 115.293 0. 000 0. 000 0. 000 42.543 157. 836
e, 0. 000 0. 000 -115.293 0. 000 190. 713 190. 713 148. 170 32.877
ey 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
e, 0. 000 0. 000 115.293 0. 000 0. 000 0. 000 0. 000 115.293
es 0. 000 0. 000 0. 000 156. 522 0. 000 0. 000 42.543 42.543
e 0. 000 136. 724 136. 724 137.368 0. 000 136. 724 136. 724 136. 724
e, 0. 000 136. 724 21.431 162. 553 0. 000 136. 724 136. 724 21.431
eg 156. 522 19. 798 19. 798 173.073 156. 522 19.798 19.798 19. 798
ey 156. 522 156. 522 156. 522 0. 000 156. 522 156. 522 156. 522 156. 522
ey 0. 000 136. 724 136. 724 10. 520 -190. 713 -53.989 —-11. 446 —11. 446
ey 0. 000 - 136. 724 - 136. 724 8.634 190. 713 53.989 11. 446 11. 446
e, 0. 000 136. 724 136. 724 0. 000 -165.528 -28. 804 13.739 13.739
e;  —156.522 -156.522 -156.522 25.185 9. 006 9. 006 9. 006 9. 006
e 0. 000 0. 000 0. 000 0. 000 137. 368 137.368 137.368 137.368
e 156. 522 156. 522 156. 522 -181.707 19. 154 19. 154 19. 154 19. 154
e 0. 000 0. 000 0. 000 25.185 25.185 25.185 25.185 25.185
ey 0. 000 0. 000 0. 000 0. 000 162. 553 162. 553 162. 553 162. 553
e 0. 000 0. 000 0. 000 -173.073 10. 520 10. 520 10. 520 10. 520
e 156. 522 156. 522 156. 523 156.522 8.634 8.634 8. 634 8.634
€5 0. 000 0. 000 0. 000 19. 154 173.073 173.073 173. 073 173. 073
e 0. 000 0. 000 0. 000 0. 000 17. 640 17. 640 17. 640 17. 640
ey 0. 000 0. 000 0. 000 0. 000 190. 713 190. 713 190. 713 190. 713
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Intelligent airflow deduction theory and sensor optimization
in mine ventilation networks

YAN Zhenguo, ZHANG Longcheng, WANG Yanping, CAO Yuqi, RUAN Jianing

(College of Safety Science and Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: Coal is considered the primary energy source in China, and an intelligent ventilation system is essential for ensuring safe
production in mines. However, low calculation efficiency within ventilation networks often arises from redundant airflow sensing
information and unreasonable initial airflow distribution. This paper proposes a collaborative framework that integrates intelligent airflow
deduction theory with optimized sensor deployment. First, the mathematical coupling relationship between tree branches and co-tree
chords is enhanced using Singular Value Decomposition (SVD) , guided by constraints related to ventilation network topology and airflow
balance laws. The analysis demonstrates that the ratio of independent loops to total branches approaches 1/3 in large networks,
establishing the theoretical feasibility of achieving full network airflow deduction. This can be accomplished by deploying sensors on
approximately 33% of the branches. Next, a sensitivity dual-factor weighted spanning tree model is developed, where edge weights are
defined as the product of branch self-sensitivity and influence degree. The co-tree chord branch set with high information density is
identified using the Kruskal algorithm. Subsequently, a sensor layout optimization model is established. The optimization objective is to
maximize the number of branches, allowing for direct calculation of airflow through balance equations. The co-tree chord branch set
serves as the solution space. A DETMAX — Tabu hybrid optimization algorithm is designed to address this problem, with high-value
branches dynamically stored in a tabu table. This approach overcomes the local convergence limitations typical of traditional algorithms.
Case validation demonstrates that deduced airflow based on monitoring data can significantly accelerate the convergence of calculation
iterations. In a 22-branch experimental network, the deduced airflow from 8 installed sensors is used as the initial airflow. This
approach reduces the number of network calculation convergence iterations from 1 062 to 455, achieving a total reduction of 57.2% .
The research findings provide a comprehensive technical pathway for real-time mine ventilation control, following the sequence of
“sensor optimization deployment—intelligent airflow deduction—rapid calculation convergence.” This method enhances the dynamic
response capability of intelligent ventilation systems.

Key words: safety engineering; mine ventilation; wind speed sensor; layout optimization; DETMAX — Tabu algorithm; network

calculation
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