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Cross-layer synchronous acquisition trigger method with proportional
compensation for mechanical vibration WSN

Ye Quanbing, Tang Baoping,Huang Yi,Zhao Chunhua, Tang Hengxing

(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400030, China)

Abstract: To address the problem of low synchronization trigger accuracy in synchronous acquisition of mechanical vibration in wireless
sensor networks, a cross-layer synchronous acquisition trigger method with proportional compensation is proposed. Firstly, the ultra wide
band mechanical vibration wireless sensor network nodes based on cross-layer synchronous architecture are designed, and the composition
of the actual acquisition clock of the acquisition node is analyzed. Then, a hardware timer is used as the acquisition control clock to
obtain the synchronization information across layers and carry out the delay of synchronous trigger. Finally, the time scale model between
nodes is formulated according to the periodic synchronization information, and the delay time of synchronous trigger is proportionally
compensated according to the uplink time scale of the acquisition node to reduce the synchronous trigger error. Experimental results show
that the mean value and maximum value of synchronous acquisition trigger error in single-hop network are 20 and 50 ns, and the mean
value and maximum value of synchronous acquisition trigger error in two-hop network are 37 and 76 ns, which effectively improve the
synchronous acquisition trigger accuracy of mechanical vibration wireless sensor network.
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Fig. 1 Clock transfer process of acquisition node
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Fig.2 Time model of acquisition trigger control
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Fig.3 Time model of synchronous acquisition trigger
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Fig. 4 Time model of beacon frame transmitting and receiving
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Fig. 6 Time model of single-hop network synchronous

acquisition trigger
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Fig. 8 Hardware architecture of acquisition node
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Table 1 Synchronous trigger error statistics of
different methods
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Fig. 12 Single-hop and two-hop synchronous trigger accuracy
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Fig. 13 Synchronous trigger accuracy of different cycle scales
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Table 2 Synchronous trigger error statistics of

different scales
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Fig. 14 Model test experiment of the wired monitoring system
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Table 4 Comparison of modal test results

gy DREBERICEE  ARUWRS WA
WA EAGRI  EABRI HIXHRE/%
1 330. 188 330. 731 0. 164
2 658. 245 659. 960 0. 260
3 1017. 144 1 019.128 0.195
4 1 566. 459 1 571.743 0.336
5 1 676.280 1 683. 466 0. 427
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