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Wireless inclinometer for monitoring deformation of underground tunnel
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Abstract: To monitor the structure deformation of an underground tunnel, a high-resolution wireless
inclinometer was developed in this paper,and the algorithm of temperature compensation and digital
filter applied to the wireless inclinometer were analyzed. First, based on complex conditions in the un-
derground tunnel, the hardware structure of the wireless inclinometer was presented combined the Mi-
cro-electromechanic System( MEMS) with the Wireless Sensor Network (WSN) technology and the
software processes of wireless communication and PC interface of the inclinometer were described.
Then the effects of different environment parameters on the inclinometer were discussed according to
the conditions of underground tunnel such as wide-range temperature changes and frequent vibration.
Finally, the temperature compensation and resistance to vibration interference were achieved, and the
accuracy of the inclinometer was improved. Experimental results indicate that the precision of the in-
clinometer is 0. 05° in the range from —30°to 30°, which meets the design requirements of the under-
ground tunnel for the monitoring deformation.
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Fig.1 Hardware structure of wireless inclinometer
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Fig. 2 Program flow chart of wireless inclinometer system
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Fig.5 3rd order polynome curve of temperature-offset error
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S % Lk

[1] HUANG K P, WANG T T, HUANGA T H, et
al.. Profile deformation of a circular tunnel induced
by ambient stress changes [J]. Tunneling and Un-
derground Space Technology, 2010, 25(3): 266-
278.

(2] »HHA, k6%, Taesk. KM ERERE
PR KRR Ay L)), T ER S TR FHR, 2007,
3(1): 157-160.

KR o A5 < b T R T S TR ARG 1 DI 4G Ml A A% TR 1469
xR2 RTEMARBERHNREER )
Tab.1 Calibration result of wireless inclinometer
7€ F BE 1 1% 2 i s AR R W

—30 —29.950 6 —0.049 4
—26 —25.959 2 —0.040 8
—22 —21.967 7 —0.032 3
—18 —17.976 4 —0.023 6
—14 —13.9817 —0.018 3
—10 —9.987 4 —0.012 6
—6 —5.967 9 —0.032 1
—2 —1.972 9 —0.027 1
0 0.001 9 —0.001 9

2 1.978 0 0.022 0

6 5.981 1 0.018 9

10 9.980 0 0.020 0

14 13.986 7 0.013 3

18 17.985 7 0.014 3

22 21.982 6 0.017 4

26 25.985 2 0.014 8

30 29.987 1 0.012 9

6 % #

Oy S BT S 3T B S 1 S5 AR TR M
Bl 1 Bt [ 5o A 455 MEMS HOR MR fE
TR WA B BT T — i RS 1 JC k0 A A%
S L 2 T G A 1 i A B A 1 S
Bl AR AR T BT 3B A5 B RS HOM AR
SR TR ) 2 T S5 WX TG k1 A A% TR 1 il JEE
I 30 3 X e St 0 R P B O3 A s e R KA
UYL T7 15 - T AW R B X A2 S i) R L i — 2P
P& TH 0 2 A0 A I A B D0 BEORS BEE . S 4 R IR
W] < JC LR AT Ay A2 JR% i E =2 307 P 1Y I 5 R B Dy 0.
05° 445 Hiu T Bk 3l 728 FE A 0 1) 2 RE 5 5K

YE Y D, ZHU H H, WANG R L. Analysis on the
current status of metro operating tunnel damage in
soft ground and its causes [J]. Chinese Journal of
Underground Space and Engineering , 2007, 3(1):
157-160. (in Chinese)

[3] MRER.RAAEE.F. BRGS0 A8 L 7
SR s 0 T A A B R [T ], BLARR  H i
F AK,2011(6) .86-88.

XING W M, ZHANG M, CHENG Q Q. et al..



1470

e TR

%21 %

[4]

(5]

[6]

(7]

[8]

[9]

[10]

(11]

Remote real-time monitor and data process of dis-
placement in underground tunnel structure [ J].
Modern Urban Rail Transit, 2011(6). 86-88. (in
Chinese)

AKYILDIZ T F, SU W, SANKARA Y, et al..
Wireless sensor networks: a survey [J]. Computer
Networks, 2010, 38. 333-341.

SAAFI M, ROMINE P. Embedded MEMS for
health monitoring and management of civil infra-
structure[ C]. SPIE, Int. Soc. Opt. Eng., 2004,
5391. 331-343.

WM B ER RAHEF. T MEMS 454 15
I TG £ 1% s M R BT ST ik e [T, Bk 55 75 56, 2010,
32(4) . 692-696.

WEIKL, WENZH Y, ZHAO X Q, etal.. Study
on the development of the WSN based on MEMS
sensors for structural health monitoring [ J]. Piezo-
electrics & Acoustooptics, 2010, 32(4): 692-696.
(in Chinese)

Murata Electronics Oy. SCA100T Inclinometers
[EB/OL]. http://www. muratamems. fi/en/prod-
ucts/inclinometers/scal 00t-inclinometers.

Texas Instruments. CC2530 [ EB/OL]. http://
www. ti. com. cn/product/cn/cc2530.

AL F A, LA F. Visual Basic $ 215 A %
A2 %A ML deat: foor Tolk et 2011,
ZHANG H, LIR L, WANG H P. Serial commu-
nication and programming with Visual Basic [M],
Beijing: Chemical Industry Press, 2011. (in Chi-
nese)

AoAks, REA. AT4E G BIML Jus:
B A, 2012,

ZHU Y Q, SONG Y X. Underground Tunnel
(Second Edition) [ M]. Beijing: China Railway
Publishing House, 2012. (in Chinese)

CHOI S, KRARTI M. Thermally optimal insula-

tion distribution for underground structures[ ] ].

(12]

[13]

[14]

[15]

[16]

Energy and Buildings, 2000, (32): 251-265.
EH LR g, 0 B A BT I I th 4 B
BRI IR S B LT]. P B4k A, 2012,
33(4): 133-138.

YUAN Y, LIU W N, LIU W F. Propagation law
of ground vibration in the curve section of metro
based on in-situ measurement [J]. China Railway
Science, 2012, 33(4):133-138.
B 4 iR AR IR . HUGE E I R IR B S5 K
g MAL)]. A F Tk K5 F 4R, 2006, 32(2);
149-153.

(in Chinese)

YAN W M, ZHANG W, REN M. et al.. In situ
experiment and analysis of environmental vibration
induced by urban subway transit [J1. Journal of
Beijing University of Technology, 2006, 32(2)
149-153.
RAEF A E ik, AT W, kT P S TE AR 3 A
W 7 7 o L) ], %7 il 58 L 2000(3) 1 43-45.

ZHANG Y P, YANG Y Q. KEZT, etal.. Con-

(in Chinese)

trol of noise and vibration in urban rail transit [ J].

Urban Rail Transit, 2000 (3): 43-45. (in Chi-

nese)

Fa&, B, EaL. MGG 5 4 8 Ak Bk
SME AR )] k¥ g T 4,2007, 15
(2): 283-288.

LUO H, GAO SH, LI X L. Realization of high
division number of coarse grating signals by fully
digital processing method [ J]. Opt. Precision
Eng., 2007, 15(2):283-288. (in Chinese)

EIEE. . RFLERERF. PLEOURE S IER
ST R B E RN IR AT L)]. ¥ mE R,
2007, 15(11): 1802-1808.

WANG G F, YU F SH, WANG X D, etal.. A-
nalysis on resonance of air-borne opto-electronic
tracking turntable and design of adaptive filter [ J].
Opt. Precision Eng. » 2007, 15(11): 1802-1808.

(in Chinese)



%6 4

i R A5 < T B T R A I 14 G £ M A A IR 1471

EER N

g2 &1988—). 5. ki N WL
A2, 2010 AR R B R 2 4R A4 2 2B L
B N O L AL SRS I 2% 5 T B R
E-mail: shaizi666(@126. com

TEEA 1973 =) H N FE AR IR LR
WFFE G, A A2 2 00, 2004 48 T TR
AR LA, EENEEE N R
B H HL R Bl WL L F 1 B 3 45 ) 45 O T
M) B 5% . E-mail: shenrunjie @ tongji.

edu. cn

T #9755 =) B B E RN #
P2 A S, 1996 4F F 35 Ak k2 4k
42, 2001 4 T #i IT K 24 3145
T2 47, 2003 4F F 3 V1K 2% 9 & 1%
Bl B i 1 R S & WS
F N FE LA AT 68 A ER A 3
L@ % )7 W95 . E-mail: hebin@

tongji. edu. cn

(FRILERE REWW FEEH)



