Embedded Technoloy and Intelligent Systems AR AR SE L RS, 2025, 2(1), 48-58 Hans X
Published Online February 2025 in Hans. https://www.hanspub.org/journal/etis
https://doi.org/10.12677/etis.2025.21005

BT e R i R AR AR IR IR VIR Th#E4G WiF
WP EE RN ARG %

Mk, T O#, X &

UGBS TR IR A E], IR IR
HLHY R TR IRAR, L9 Fa
SN T RIBCOR A TR BB, #T B

Wk H . 202541 H20H; FHBER: 20254F2H14H; KA HM: 202542 H28H

R

AR BT —FER T B RER AR EABRHCIRFWIFIN4G6). RIBE. Btk &R R
NBRERIAAMA R E RN RS, ZRARTEEELFRE. MR ARFER, LIS
MRS S B 5FE, FrAlEH T EEERMAR KT ERE I . ACHRAER T RENE
IR BT 6. OIS U RFER G EHSUREI SR 71, RGh (R Rl I SOsR A T g e 75
%.

X 5in
RS, (RTh#E, BRI, FRRRN, B%HE, SRR

Development of a Low-Power 4G WiFi
Intelligent Tilt and Deformation Monitoring
System Based on an Electrolyte Tilt Sensor
Module

Xiaoyan Chent, Jing Wang?, Wei Wu23"*

1Suzhou Gitak Technology Co., Ltd., Suzhou Jiangsu
2Cynoware Electronics, Inc., Nanjing Jiangsu
3School of Electronic Information, Hangzhou Dianzi University, Hangzhou Zhejiang

Received: Jan. 20%, 2025; accepted: Feb. 14™, 2025; published: Feb. 28", 2025

CHERERE

XESIH: R, THE, Rk T AT AL B (R THFE 4G WiFi IAHE B IS KRG IT D). A
AR SR R4, 2025, 2(1): 48-58. DOI: 10.12677/etis.2025.21005


https://www.hanspub.org/journal/etis
https://doi.org/10.12677/etis.2025.21005
https://doi.org/10.12677/etis.2025.21005
https://www.hanspub.org/

Abstract

This paper introduces a low-power tilt stability deformation monitoring system that integrates a
self-developed electrolyte inclinometer sensor, wireless modules (supporting WiFi and 4G), and
temperature, humidity, and vibration monitoring modules. The system is designed to achieve real-
time monitoring and early warning of structural health conditions through high-precision and low-
power technologies, making it particularly suitable for remote or outdoor environments without
direct power supply. This paper provides a detailed explanation of the system’s hardware compo-
sition, software platform, core advantages, and potential applications in the field of edge computing,
offering a new solution for the structural health monitoring field.
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Figure 1. Structural diagram of liquid pendulum and solid pendulum principles in tilt sensors
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Figure 2. Product structure diagram of electrolyte (liquid) tilt sensor
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Figure 3. Diagram of two major application scenarios for tilt sensors
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Figure 4. Signal processing flowchart of electrolyte tilt sensor
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Figure 5. Performance and cost-effectiveness comparison between electrolyte and MEMS tilt sensors

5. {fifafE ARSI AL B AR R RTEL T MEMS M ELE B
3. ARGt

EAZ OB KSR IEAE b, A SC AR SRR AR [ M AR W R G PR sl 7 38, W R ds B 6. 1
7 7R

DOI: 10.12677/etis.2025.21005

52 IRARBAR S ERER S


https://doi.org/10.12677/etis.2025.21005

=B

FH

Internet

gg
NB IoT“,x"
'@
BifimpERE 1

Figure 6. Low-Power tilt stability deformation monitoring system implementation 1 (without Router)
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Figure 7. Low-Power tilt stability deformation monitoring system implementation 2 (using LTE loT Router)
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Figure 8. Tilt sensor module with environmental sensors for temperature control and vibration detection
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Table 1. Key parameters table for Low-Power 4G Wi-Fi stability system testing
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Figure 10. Diagram of the overall scheme design
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Figure 11. Installation diagram of Low-Power 4G and Wi-Fi stability testing product
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Figure 12. Platform data display diagram
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Figure 13. Installation site diagram
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Figure 14. Trend chart of monitored raw data
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