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Wireless monitoring system of long-span bridge health

WU Qi-sheng, WANG Dan, WANG Qiu-cal
{School of Information Engineering, Chang’an University, Xi’an 710064, Shaanxi. China)

Abstract. Aiming at the limitation of traditional bridge health monitoring system with cable, a
new wireless monitoring systemn of long-span bridge based on GPRS is presented. The principle of
system is introduced. A bridge health monitor which adopting 32-bit microprocessor 33C44B0X
and GPRS module GR47 is designed and its flowchart is given also. The realization of GRPS data
communication service is described, And the function module of monitor software are also
analyzed {rom seven aspects including environmental loading monitoring, geometrical monitoring,
static and dynamic force of structure monitoring, run-time alarm, health statement assessment,
system management, configure of database server. The result of test shows that this system has
characters of good real-time and high reliability. 5 figs, 9 refs.

Key words: bridge engineering; bridge health; GPRS; monitor system

0 5

AR R R it ) R O )
U E NS SRR TR RET . W

T}

FA G 0 4 A R LR L R e s

B RBSRCT L0 B o B R BRI

&7 7 B 35 : 2008-10-08
E&TH BX HAAFEETH (60472022)

HREMIEAE . RALDR .t FHAKFRWE 55
HrRERENREAR I ERAE RS RE
AEARBIHFA, Y FEEEFERER. %
ENRUEMNERERFRS . EFAREESHR.
FELEFFMMELERBEHUETR. A4
Tkl % GPRS (General Packet Radio Service) fE

E®ETSr - R34 (1563, BBt fi 4 A S8  E-mail; gshwu@chd, edu, on,



o

FHEF XA EERAEEN A% 71

A-MEE . BRASTNELRRAR AAREREE
HES BEARE EREIT# SRR SE L
AR R RS e E A TR R R NS
.0 ENEReH EESEMMELSEARE
BfE. TeBEEa AR RARELR . 2R HiER
EREEOMNEEEESE. MH.FXFA2 M
ARM7TTDMI # ARM % &b # # S3C44BoX K
GPRS# 1 GR4T, 23T B H GPRS i B #F 22
RERE TN 48,528 T AL T GRPS M4 po R BB 4
BRRUEMNER, £F L ERTEEAREBREFA
FrEmmENE BT EEEERE.

1 RGEEMKTERE

BT GPRS M KB BB TR BN RS
EEALEBEA MRER TENEARAN
M EBIFHEA B — DT 2 W 446 F0 4 FF A 3K
EAS, B iE¥EPp s GPRS/ Internet # {5 M4E LI K B
H GPRS thiepo i BRI AR 4H AL, 0 1 B

[ nemm
fii ERHUEM l £ HM D) U
WLAIGPRSIHERY

JLATGPRS I fiE Ay

7 i 1 AL 28

JLAIGPRSIh fiE fY

Y, ER TCP/UDP 48 B 2 v A I,
AR MERB IR,

WREREENEN B FEEE, TEEH
B @ 3 AR B IR B R RURIR B SR
REFOABHE\E VBN CHLHRE, BAE
5 B A RN m SR AR RS2 TS
CPRS | ERFEA Internet, BIF B w [P
i EFEEEPLMN GPRESEERBESFBRY
TCP & UDP ##% . 3% 5 IR & 3 L0 124 B
FRBCE g B (R, 35 B i 45 4% PO BV SE R e . 58
R B AE %, 3 30K ZRLAST R 468 B S F

2 WHRERBENRE

2.1 HREERNSFESGIT
HiRgEgmusEe TR EMREHZL,
EE GPRSUEEANHREERENBFEE R AN
ARM #ihypssfth GRPS TEE SHE L B4R
FHEE FHESE BREREERLE JITAG A
BOFREAR, KEminE 2 xR,

K
Bl RALEH

BARAETTEN/ BAHHENP BP0
WARE S RS GPRSEEME S . BB ERS
BREBEETENSRIEEE. BEPLERGRA
BRI T - S W b T e B 2 BT SR {45 19
HERERBR  ERE LN LED B ERRER
UL AR E B R RUE EBRRES AMEXRE
B, Fn, kEpasi GPRS f{5 % B 1T iE
B R R G AR T A B R R S AR R B
BYL I T KT RR 4 B A 0 M A R
GPRSEGEM & BT B BB A Internet B Hl

GPRSEEHRGRAT
BB
{
EEEY N I BETENTTT N
AR
I2MLHAE B 5 USB TR M G2,
$3C44B0OX PDIUSBDI2
o UARTR g Al 25485 |
B I—' SC16C2552
FRER NS

B2 T ARM Ak B 04T B B0 IS 0 25 TR £ Ay

(1) $hAbPEas s, A ARM fifob 2 3348
WENREREEMBOEHEC. ARFREREK
MBPAERFRE NHE FREGPRSEEHERFET
£, BIBMIOENER AR ZREARNEHE R
BAEHHANBRE SICHUBX, ER—FKET
ARM7TDMI W ME S RE N 32 i GE4H
#,TfE%4 66 MHz, 8% 2 #% UART @i8.BF £
ERESED,

(2) GPRS T {F . GPRS BREHHE
BB ESEEER, A Sony-Ericsson &
T T 4w 72 T 25 8 (Z Mk GR47™), &t RS232
B0, E AT #H4#THEH . GR47 B% GPRS
I SMS FiFF B BIR G m A, TR 2T R
WERMEIBEH B ERNENARS AU THE
7F 900 MHz #1 1 800-MHz B4 . 7£ GPRS F



72 RERFERCEEMSFR

2007 %

BRRERTMEL T, L& GPRSBFEH XK
7 % 1 B W 00 38 BT E AL B L 560 B LA AR U I
FE(E BT M Lok B PO M
4. StFE,GR4T A M E GPRS K&K
B YEAMEWE.CPRSEBEEREPLIEA
RRBERE TCP/IP M F R, &7 2 TR E
SMS FX.HE TCP/IPEFHEL.

(3) BREEEE, BEREEIGETERL
FEE S, HH ARM BLALIE RS ST s, EGUOR &
BRREAGEREE R REESES N PG #H
£, BHNE R & PR R 2520 BE M BHR
Hl, EREhRE S BB ML Al |ECkHRE
BOR S VOEAFMTEN, XA TS5 VA
BH A

(4) g8, FLASH G BERERE D
R EARNBRERA . CHRE. VABRF RSB
RHEMERSEEBETERPHAFRES.

.SDRAM SR A R BT EEXE,. REX
AP AR YT SDRAM s . HFH
EEXAKEF FLASH F##, FLEFE/E
Btk

G) POy RNy, ATERSIHEHFE
WY B85 , ST AW BRI A SR
HEWTRABEOMERE AR ETRT R
B RIHER O LM RS232 & RS485) fi@ A
B17EIR M4 USB,

B ERELEZ T RE UART &S H
SC16C2552 LMHTRESRF BT REZ MM
MEFE, UARTY RER® 8 MO S5aat
ERREOWME S SEE ML EAES
16C252 ik EEEZHRMES. B 1602552
FR+3.3 Ve, RS232 it A ERH T
HEN 3.3 V4 MAX2332,RS485 HhiCE
FHRMETERER 3.3 VA MAX3485 &
B, Rk A Philips 4 7 5 PDIUSBDL2 {1 1F
Ay ls W 58 5 USB 4 1, PDIUSBDIZ 8 DATAO ~
DATA7 54k BIER AT DO~ D7 I3 o X (]38

. ALE RHUBL8F WA P ALE 8 4R ¥,

Fm R Ak ST B b hE AR SR AL R, PDIUSBD
12 49 AO B BT 5 i b 2B 38 B4 3 Bk 2% AC W3 L 20
O PDIUSBDIL2 &4 R .
2.2 HREBRLEMBHEGFETRER

5 fek B2 1 00 2% 1o ] SR RSB 4k 80 i1
L. EEHUEL . AREBREERERNGPRS T

SEESEE . GPRS DA MEREaIEEY
EERCETBEEER BEREL G F a0
S, @S F TR S XA 4T GPRS &
BA% A 3 R B % T4 DA TR R 0 ] g O 1Y 4 e
LDHHR.ATHENMEGRGR. SERZHET
MAXBHESEHTAR. VEHGEFERACIE
EMI4ESRA SR, % FH ARM ADS(ARM
Developer Suite) WA R THE. BREFE PCHE
TN G G E B EE A AL ELF X B AR
Bgrs, RIEES ITAGE DS BB T3 8
P 48R B8 FLASH o B{FIREINE 3 iR,

P Sacket
SUTCPER

iR %

[MGPRSEIN B EME
1 . | AfEfEREREMAE

PR AR O B R SRR

GPRS $iE 4 2 GR47 W %L D g, 72
#if GPRS W& {7 TCP/IP £ EZRI A ER
GRA7 g A EEE v — SRk P F BB 0
AMRE T APN ZFR, B P 00 R M 25 ) B A
FLASH 7Ef5 3 iy GRPS B{E 455 1P sbhk iy
f M 08 GPRS B E M & 8%, Wil AT+
CGDCONT #5455 8.

3 HEPOBRERT

3.1 GPRSE{ERERLMG

B¥rdr .0 GPRS (S W & 35 508 4 GPRS
8 {38 3E BRI 5 50 . 5% BT IR 1R B L U 5 R M
Bl CHIBERSRUALEE TN ZAKNHEE
#BiF. GPREFEGRER A HEDCEEHNFLUR
P 48 O 3 1 R 4 B 3 (IR L X TCP/TP
WHIPPPhiX. B 4 GPRS EiEREBHEE
HKEREHR.

GPRSHEF R F H/E MR Visual C°7
WinSocket 412, TESIE W F Socket 25, B I51F



AFLE . F AVMBEREALLLRASR 73

B o7 B Socker

I e
Y

ARiE AR RO
& 3 3 S ocket
I HHAT AL

N
N
BT
Y

b pugifd. 18
Sockenly % ¥
Bprri AR

% il f3Socket

B4 CPRSAFHFRBUGTRBME
Socket{ CListenSocket) fi & E ik 5 4L B Socket
2 (CServerSocket), CListSocket F B I 7 #5 57 59

Ui 1, BT 3 (R MO0 AR RO R TR Al B — 4

:

:

!

Socket BEH F W TCT HHWE L SHEF . WS

ADOBmMAR A TRBRBERE FRIKEES D
BRELRAERTHARTRSEERER. X

?ﬁ’?‘ﬁ%ﬁ%mﬂd# KRB I REARE

ﬁﬂﬁﬁﬁ@ﬁﬂﬁ&lﬂ( Bk, BEANFERRY
fAﬁlﬁﬁsuﬁﬁFﬁﬁE%%ﬁﬁ]ﬁﬁﬁ%@ﬁ
BB ZEHMEER. “EMNTLERBRPET
CServerSocket, ta ST i & W A B @S K%
3.2 KEIERENEY

W R £ M T VR I 4 A o O
B 0 25 % % & RP R BB -4 0 88 S B R LR R
FF A B A B XIS I AR [ A5 A0 R T
RO AT A B A IR RN T TR R
Wi, A ThRR A 5 R,

FEI=
WRERF N
B B R B AR
A

&
#
8
%
7
23
#l

WERY - BE

R E R

A5 PR _
(LT FRAE NI . 8 T SE I R IO 32 4 7
BB L IR B Bl R AR R L g
BRERE.ERTHA AR BEBZETRS

WRERRESHED,

YU, @i rtfe st Aai . eke
{3 F B (GPS) ety Tl B8 4057 8 W ) £ 28 1 S 4
ERCEATHHRERUNHSLE.SHSLE.
LM A R L RS,

(& A EN . MEaw BN W A3
T S5 - 0 A 08 I BOHR BRI, LT X AR
BRI FAAEN S B h R
TR R bR A M

O FRE, MERPXBERLHEN.E
L RIERG S MR B A, SR
FRAR L BT IR B B R A, BN R b 48 R A T
BB 22 I R B 7 Mg 42, P I % 5 S
& IR, MRE L EUE AR SRR B A
[ IA:k - &

GIERREEY, FEAFRGWGEDE
BREFE BREEMBREARENEE TN ST
B . RAEVEME PR R AR R
BOEREEER N RASERE ZHTHE
45 T A i VA, BT R R o T R AR S ThEE .

I EEEH. RATHOEEAFTREAP,
NYER BRERFEUMBEEA, T
Ehik.

(DEWEM & B E, Bl SR E RS S5
Rk R B AT AL B A R AUR . R GPRS E (R R
FMBMERA R ER,

4 & iF

(DS W R GER A i A58, HM GPRS
TR, EARGFRREE. SN fEe
BREMIBR A F RS232 30 45 )y AU %, @ T
GPRS MRS LM, L 5 M+ 48 GPRS i
BR8P Mk 2k 202, 117,67, 178) 8fE , 22
GPRSEFRFMETHENES. FREETRE,
R0 BT ) <2 s,

QIFRERENZRARAXRLESR
SSCMBCX, AREFEMEON, FESHEMN &M
BRI B AR5 B R 1) R W R S B R A
iR A THAN AL ERE TN ENSEEHE,
TR Pk | S i 4ok R R 0 O I e )

(3 Wt i o B S 30 4 B0 S R e A Y
g d JURE Rt R R S B Y $
TR, Ra EEFRGERRE CIVHFRERRE
PG R AL R P ARE .



74 *

ERFERAANFR

2007 &

PELH:

References:

[1] Aktan A E, Grimmelsman K A, Helmicki A J. Issues
and opportunities in bridge health monitoring[ C]//
Takuji K, ed. Proccedings of the Second Warld
Conference on Structural Control, Japan: Kyoto,
1998.2 355-2 36E.

(2] # M. WEEHOBEEAN]] "ELEER,
2000,13(2) ;37-42. _

QIN Quan. Health monitoring of long-span bridges
[7]. China Journal of Highway and Transport, 2000,
13(2).37-42.

[37] SREet.%4EB8. KREFREEMNGERERESE
(U] REXFRR. B4R, 2002,23(1) 3042,
WU Xiac-guang, XU Zu-en. Development of long-
span bridge health monitoring [ ]]. Journal of
Chang’an University: Natural Science Edition, 2003,

. 23(1).39-31.

(4] %BfF.H #. . HREREMEANEB#LIL $
EABER,.2006,19(6) ,54-58,

ZHANG Qi-wei, ZHOU Yan, Applicahility of bridge
health monitoring technology [J]. China fournal of
Highway and Transport, 2006,19(6).54-58,

(5] Worg K Y, Lau C K, Flint A R, Planning and
implementation of the structural health monitoring
system for cable-supported bridges in Hongkong
[C1// SPIE. Proceedings of SPIE-the International

Saciety for Optical Engineering Newport Beach, CA,
USA: Sovety of Proto-Optical
Eyineers, 2000;266-275.

[6] Lynch] P, Law K H, Straser E G, et al, Development

of a wireless modular health monitoring system for

Tnstrumentation

civil structures [ C1// Advanced Technologies
Workshop. Proceedings of the MCEER Mitigation of
Earthquake Disaster, NV, USA. Las Vegas, 2000.
83-90.

(7] BEW, Tyk.&# W SRERLKAKIRE
[J]. A& TR, 2005,38(7), 71-74,

TANG Ya-ming, DING Li-po, ZHANG He, Bridge
health wireless monitering system [ ]]. China Civil
Engineering Journal, 2003,38(7). 71-74.

(8] b Bees REHL.F NERNEHNEANE

AEHEARLIL ZHEEW TEFEH, 2006,6(1):
98-102.
ZHAQO Xiang-mo, GUQO Xiac-fen, XU Zhi-gang,
et al. MNetwork communication technelogy of vehicle
inspection control system[J], Journal of Traffic and
Transportation Engineering, 2006,6(1),98-102.

(8] FhE.=Eb ETGPRENTFHUEBEZESR
g1 EE AR, 2005, 22(6);
184—-1?6.

-+ WANG Song-hong, LI De-hua. Design of mobile
terminal of vehicle for monitoring system based on
GPRS[11.
2005,22(8),184-186.

Application Research of Computers,

e e e e N T I N A T = =

(LHEE 65 T

[6] Z#E.ZHER.EAL KXERFEELSKEEE
BARERESTMEHLI]L REAEEH. B/ E
FE. 2004,24(8).67-70.

XTIAQ Dai-quan.

Application of gray relational decision in highway

MA Rong-guo, LI Tiegiang.
items selection[J]. Journal of Chang’an University,
Natural Science Edition, 2004,24(5),67-70,

(7] B E.7T f.FTHE SHESTNFEXHER

RECEERANT MR, TEal TRYH,
2002,2(4) . 68-72.
LIANG Jun, JIANG Wei, LI Xu-hong, An improvermnent
on fuzzy comprehensive evaluation method and its use in
urban traffic planning [J]. Journal of Traffic and
Transportation Engineering, 2002,2(4);68-72,

(8] BES KHEZ. ETHARAFNOLBAEHREF
[J]. ESBEE,2006,15(1):99-103,

CHEN Chuan-de, ZHANG Ming-yuan. Investment

decision for highway project based on risk analysis
[T]. Chinz Journal of Highway and Transport, 2006,
19(1):99-103,

[ 91 Avineri E, Prashker J, Ceder A. Transportation projects
selection process using fuzzy sets theory[]], Fuzzy
Sets and Systems, 2000,116{1).35-47,

[10] RFF.& E SHESNERRESSENFE

002, Z@am TR¥M, 2005,5(1),28-32.
WU Tong-le, XU Yue. Comprehensive evaluation
method of bridge strengthening effectivencss [ ] 1.
Journal of Traffic and Transportation Engineering.,
2005,5(1):28-32,

[11] #*Bi,.F & RERERELHEWHEREAE
EHRET] HELREFEHR 2006,19(2) :49-55,
ZHANG Jian-ren, WANG lLei. Estimated approach
to carrying capacity of existing reinforced concrete
bridge member[J]. China Journal of Highway and
Transport,2006,19(2) . 49-55,



