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Design and development of the cave dripping water sensor and its related circuit

Zhou Yan', Deng Jian', Li ShunJiang’, Yan Xiangru', Liu Hong’

(1. School of Information, Yunnan University, Kunming 650091, China; 2. Yunnan Zhao Xun Technology Co. , Lid. ,
Kunming 650000, China; 3. School of Geosciences, Yunnan University, Kunming 650091, China)

Abstract: The accurate understanding of the hydrological characteristics of cave dripping water is the basis of studying the groundwater
infiltration process in the karst vadose zone. To continuously and accurately obtain dripping water information, this paper designs a
dripping water sensor of karst cave to meet the needs of karst hydrogeological study. The piezoelectric induction mode and PVDF
piezoelectric film are selected as the induction material, and the heart sound sensor is used as the induction element. Through the
analysis of the response principle of the structure design of the extended induction surface, it is verified that the three-layer design could
interfere with each other, produce superposition signal and obtain good induction effect. The inductive surface materials of the top layer
and the intermediate layer are determined. By simulation in the laboratory and field observation in cave, the precision size of the sensor
is designed. The signal processing circuit, software and hardware of embedded system of the sensor are developed to realize the long time
monitoring and recording. Cave field data analysis indicates that the induction height of sensor is =20 cm, the fastest rate of dripping
water is 10 drops per second. It has advantages of precision, stability and waterproof. The sensor is suitable to high humidity cave
environment and meets the needs of the related research works.
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Table 1 Performance parameters of three

piezoelectric materials
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Fig. 1 Heart sound sensor and inductive signal of dripping water
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Fig.2 Three-layer structure of the sensor under ideal conditions
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Table 2 Common response formula
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Fig.3 Structural diagram of the water drop sensor at the

top of tunnel
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Fig.4 The inductive signal of dripping water with a height of

1 m, which monitored by oscilloscope

DR BAL SRR 17 3 NV BRI B AT B
SR ZEIE, R S BR, 50 1) LG 1 em
ARYERE C,2) BB 3 em 2R A E B,3) B HEL 5 cm
B G v i W O Y B e N VA 1 O LI A N
FEATIER ME A S8 FA\H\L {8, i3 10 A8
FNH\L SFE(E 0 s 2 v I 7K 8 BE 8 A% Je i v B I
FEARAS [ R 30 em, LAUCORUEAR Rl B4 &5 77, gk 3
J7R , R 3 P[RR ARG O A I £ -3 16
AR
5 emPURAL B

_-- BERA¥®A
3 emPUAAL B
-- CR.L R B ¥%
A1 emPURASL E

B2 T Subih

5 I T 7K e J R T TR I

Fig.5 Top view of the dripping water sensor’s sensing surface
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Table 3 The measured mean values of dripping water sensing

signal corresponding to different connecting cotton thickness
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Table 4 Measured average value of dripping water signals

corresponding to different induction surface thicknesses
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Fig. 6  Signal processing circuit of the dripping water sensor
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Fig.7 Comparison of dripping water signals before and after

signal processing with oscilloscope
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