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Abstract— As the human civilization is growing day by day, the nations are making huge investments in infrastructure and its provision or
service ability. Now a days, it becomes very important to monitor the conditions or serviceability of these civil infrastructure in time due to
everyday abrasion caused by nature calamities, physical or chemical actions. For this purpose structural health monitoring has been taken
into consideration for endowment of information about the situation of civil structures, but estimation of the structural condition or state is
quite a challenging task. While the research & work on structural health monitoring is still going on, a smart sensor offers new opportunities
for structural health monitoring. To realize structural health monitoring, employing smart sensor system needs to be designed considering
both the characteristic of smart sensor & the structure to be monitored. This paper present an idea about smart sensor, their generation
and how these to be employed and controlled in the structural health monitoring.

Index Terms— Health monitoring, smart sensor, civil infrastructure, wireless technology, signal processing, structural monitoring

1 INTRODUCTION

HE present world scenario envisages a tremendous growth in

civil infrastructure and infrastructure which needs to be

managed first and foremost. Malfunctioning of any of these
structures can cause large economic loss which is detrimental
condition for the nation and its individuals.

Hence, the civil infrastructure system needs to be monitored,
controlled and maintained. Smart sensors for application to civil
engineering structures were presented by the different researchers
[1],[ 2]. With the growing needs and demands of the society there
is an increase in the complexity of the technology. In the growth
and prosperity of society, civil infrastructures or industries etc.
plays a significant role. As a result the design, fabrication and
construction of these structures are one of the greatest challenges
in front of the engineers at present. Because of these smart struc-
tures, there is need for smart intelligence to monitor and control
these structures thus involving the need for innovative sensors
and sensor system. Due to the intervention and wide use of the
sensor technology in the field of structural health monitoring and
control system, the integrity of the structures can be maintained
by providing increased safety to the public as well as to the econ-
omy of the country. As the sensor system alarms for any structural
damage at an early stage, prevents the structure from reaching
their limit stage and mitigate the structural dynamic response
thereby reducing the cost, labor and time required to repair any
critical damage [3].
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The design, fabrication & execution of the idea for construction
of smart structure require smart idea and present ultimate chal-
lenges to engineering researches nowadays [4]. The integrity of
smart structure lounges around sensor & similar systems. Hence
for structure health monitoring & control system, smart sensor are
used nowadays. Smart sensors with embedded microprocessor &
wireless communication lines have the potential to fundamentally
change the way as civil infrastructure systems are monitored,
controlled, and maintained. The sensor is a device which is de-
signed & used to acquire information from an object and transfer
it into an electrical signal. It consist of 3 parts-the sensing element
(e.g. resister, capacitor, transistor, diode etc.), Signal conditioning
& processing (e.g. amplification, filter) and Sensor interface (e.g.
plugs etc.). Smart sensor differs from the standard integrated sen-
sor in its intelligence capabilities i.e., its on board microprocessor
(Fig. 1). The microprocessor used for analog to digital conversion,
digital processing, calculation etc., should have the characteristic
to facilitate self- diagnostics and self adaptation function [5].
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Figure. 1 (a) Traditional sensor, (b) Smart sensor.

Now a days there is wide usage of smart sensors in different
fields. When different sensors were implemented, the wireless
communication appears to be an attractive aspect. Hence wireless
technologies come into the picture and were first introduced in
1996 [6]. With the recent advances in the field of electronics and
communication and specifically in VLSI and Micro-Electro-
Mechanical Systems (MEMS) technology have led to the emer-
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gence of Wireless Sensor Networks (WSN) as a novel class of
networked embedded systems [7],[8]. This results in the reduction
of the size and the cost of the sensor system. The “Smart Dust” [9]
project at Berkeley explores the limits on size and power con-
sumption in autonomous sensor nodes; The Wireless Modular
Monitoring Systems (WiMMS) [6] was proposed for civil struc-
tures. A laboratory prototype of Wireless Sensor Local Area Net-
work (WSLAN) for health monitoring of offshore platform is de-
veloped [10]-[15] and showed the wireless integration of MEMS
and surface acoustic wave (SAW) employing interdigital trans-
ducers (IDT) [16]-[18].

As the sensors were used to monitor the large civil structures,
[19],[20] discussed an approach using sensors and wireless com-
munication technology to monitor the health of large civil struc-
tures remotely using spread-spectrum wireless modems, data
communication software and conventional strain sensors. Their
work described examples of condition-based health-monitoring
systems that use cellular and through wire for data retrieval. [21]
presented a novel idea about self-sufficient sensors in which these
type of (i.e. generates its own Power) wireless sensors were
achieved. Sensors have revolutionized through various stages.
The first generation sensors were merely simple arrangement of
simple electronics. The second generation were purely analog
systems with electronics as remote control for the sensors . In
third generation the first stage of amplification was done on the
sensor chip itself. In fourth generation more analog and digital
were fabricated on the same chip itself making it addressable and
self testing and in the fifth generation data conversion is done on
the same chip itself making it addressable, self testing and com-
municates over a bidirectional bus.

2 SMART SENSORS AND ITS TECHNOLOGY

A smart sensor is an assembly of the sensing element and associ-
ated electronics elements for signal conditioning and data pro-
cessing on the single chip. The overall working or implementation
of smart sensors requires 3 main circuit blocks: the signal pro-
cessing, the digital control & manipulation and the external com-
munication & bus interaction.

2.1 Signal Processing

The sensor records signals of varying amplitude which are low in
magnitude & sensor interface usually exhibit high impedance at
the frequency of interest. Signal processing sensors perform a
number of function like signal amplification, impedance trans-
formation, impedance transformation signal filtering and buffer-
ing and multiplexing. Amplification of signal is necessary to in-
crease the amplitude of the signal for enhancement of the signal to
noise ratio thus reducing the effect of noise from the environment.
Also allowing full initialization of the dynamic range of an analog
to digital converter. Now a days CMOS amplification is used for
the purpose of amplification as they provide high gain & high
input impedance. CMOS amplification are 3-5 times smaller than
bipolar amplification thus making it relatively simple and com-
pact circuit and are also compatible with high diversity circuitry
on the same chip [22].

2.2 Digital Control and Manupulation
After the digitization of the sensor data there are number of errors
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and shortcomings that occurs like self-testing, fault detection and
correction and linearity correction, so analog to digital converters
are used now a days utilizing switched capacitor circuits and re-
sistor circuits which had helped in the integration of high density
CMOS digital circuitry of very high accuracy analog to digital
converters [23],[24].These techniques help in the integration of
high diversity CMOS digital circuitry and lower power communi-
cation in analog function [25],[26].

2.3 Communication and Bus Interaction

Smart sensor should be capable of interacting with the higher
level controller that manages the overall system. The smart sensor
exchanges its data or information by using a dedicated interface
between the smart sensor circuitry & microcontroller using a bus.
Two issues are of particular importance first, each smart sensor
should be capable of interfacing with different buses & bus proto-
cols. Research & work is going on to develop a standard bus for
sensor application to optimize functionality, speed and overall
cost [27]. Second is the communication interface & its complexity
i.e. in the most complex from the communication interface should
have the ability to receive and transmit the information over the
bus at high speed within interfaces.

3 WORKING OF SMART SENSORS

As the wireless signal radiates from an antenna in open space, it
loses power which is proportional to the wavelength of the radio
band and inversely proportional to the square of the distance
from the transmitter [28]. It results in reducing transmission pow-
er directly as a amount to inversely proportional of the squared
distance. It draws a conclusion that data across a number of short-
range radios is more energy efficient than using a single radio
capable of transmitting to longer ranges [29]. The signal power is
reduced when radio waves come across boundaries such as walls
and floors. Referred to as path loss, the amount of power lost by
the wireless signal is dependent upon the material through which
the signal must penetrate. The experiential studies to quantify the
propagation distances of wireless signals within structures when
communicating with different frequency bands have been under-
taken by different researchers [30]-[32] and they also measured
the range and amount of data loss of different wireless sensors
operating in the unlicensed ISM bands in various structural moni-
toring applications.

4 MONITORING CIVIL INFRASTRUCTURE

Structural health monitoring and control represent the primary
application of new sensor technology structure. At present, the
sensors have become a key component in different fields includ-
ing automotive, medical, aerospace and industrial process control
[33]-[36].

Fig. 2 shows functional subsystems i.e. sensing interface, the
computational core, wireless transceiver and an actuation surface.
The sensing interface is responsible for converting the analog
output of sensors in digital form for further processing by digital
electronics. The quality of sensor interface depends upon the con-
version resolution, sample rate and number of channels available
on its analog to digital converter. After detection of data from the
sensing interface, it is stored and processed for communication by
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computational core. Computational core consists of microcontrol-
lers and memory. Memory RAM and ROM are used for storage
and data interrogation program respectively. The last element
actuation interface helps the wireless sensor to directly interact
with the physical system in which it is installed. The actuation
interface consists of digital to analog converter which converts
digital data generated by microcontroller into a continuous ana-
log voltage output to command active sensors and actuators with
analog signals. Another component of wireless radio which is
having a bidirectional interface with the computer core is used to
transmit and receive data with other wireless sensors and data
servers [37].
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Figure. 2 Functional subsystems of wireless sensor for
structural monitoring applications [38].

The structure monitoring system primarily collects the meas-
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ured output from sensors installed in the structure & store meas-
ured data within the central data repository for accurate and cor-
rect measurement. For this conical cables are used but their instal-
lation in structure are expensive i.e. signal monitoring systems
installed in tall buildings have been reported to cost in excess of
$5000 (USD) per sensing channel. The problem of high cost in
installation and maintainence wires was also reported within air-
crafts, ships and other large structural systems [39]. A large num-
ber of damage detection methods have been proposed as reported
by [40].

Damage detection methods have been classified into 2 types:
locally-based and global based damage detection method. A local
based damage detection method identifies damage based on
screening structures at their component or subcomponent length
scales. Global based damage detection refers to numerical method
that considers global vibration characteristics of a structure to
identify damage [41]-[46]. Wireless sensors represent potential
sensing technology to economically realize structural health mon-
itoring. As the costs continue to decline with the deployment of
wireless sensors, local based damage detection is also increasing.
Active sensors like piezoelectric pads are used for localized struc-
tural health monitoring [47]-[52].

Due to increasing complexity of structural technologies with
increasing needs and demands, there is also an increase in the cost
of the smart sensors due to the more use of wired cables as they
are cabled structures that are used for the monitoring of these
structures as more wired cables were used. Hence, wireless sen-
sors were introduced and now a days used widely to combat the
problem of cost and complexity and making it easy for the engi-
neers to use the wireless sensors in various engineering disci-
plines. Currently there exists a large number of different academic
and commercial wireless sensor platforms [53]-[57].

Acknowledgments

We are thankful to Department of Remote Sensing, Banasthali
Vidyapith, Tonk, Rajasthan-304022, India, for providing necessary
support. We are grateful to Mr. CM.S. Negi, Assistant Professor in
Department of Electronics, Banasthali Vidyapith, Tonk, Rajasthan-
304022, India for their immense support, cooperation and valua-
ble suggestions.

References

[1] E. G. Straser and A. S. Kiremidjian, "A modular visual approach to
damage monitoringfor civil structures,"SPIE-Smart Structures and Ma-
terials, SanDiego, CA, 2719, pp. 112-122, 1996.

[2] E. G. Straser and A. S. Kiremidjian, "A modular, wireless damage
monitoring systemfor structures," The John A. Blume Earthquake Engi-
neering Center Technical Report, 128, 1998.

[3] B. F. Spencer, M. E. Ruiz-Sandoval and N. Kurata, “Smart sensing
technology: opportunities and challenges,” Struct. Control Health
Monit., 11, pp. 349-368, 2004.

[4] F. Billie, Jr. Spencer, Ruiz-Sandoval Manuel, Kurata Narito, “Smart
sensing technology for structural health monitoring,” 13t world con-
ference on earthquake engineering vancouver, b.c., Canada, 2004.

[5] N. V. Kirianaki, S. Y. Yurish, N. O. Shpak and V. P. Deynega, “Data
acquisition and signal processingfor smart sensors,” John Wiley &
Sons, Ltd. 1st edition, 2002.

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 4, Issue 5, May-2013

ISSN 2229-5518

(6]

(7]

(8]

(9]

(10]

(1]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

J. P. Lynch, A. Sundararajan, K. H. Law and A. S. Kiremidjian, “Em-
bedding algorithms in a wireless structuralmonitoring system,” Proc.
of International Conference on Advances and New Challenges in Earth-
quake EngineeringResearch (ICANCEER 02), Hong Kong, China, 2002.
S. Park, A. Savvides and M. BSrivastava, “Simulating Networks of
Wireless Sensors,” Proc. of the 2001 Winter Simulation Conference,
2001.

I. F. Akyildiz, W. Su, Y. Sankarasubramaniam and E. Cayirci, “Wire-
less sensor networks: a survey”, Computer Networks, 38, pp. 393-422,
2002.

J. M. Kahn, R. H. Katz and K. S. ]. Pister, “Next century challenges:
mobile networking for “smart dust”, J. of Commun And Networks, 2(3).
2000.

H. Li, C. X. Mao, J. P. Ou and Z. W. Li, “Advanced health monitoring
and damage repair technologies byusing shape memory alloys,”
Proc. of the 4t International Workshop on Structural Health Monitoring,
Stanford, USA. 2003.

H. Li, H. G. Xiao, J. Yuan and J. P. Ou, “Microstructure of cement
mortar with nanoparticles” Composites, Part B. 2003.

H. W.Li, Z. Zhou and J. P. Ou, “Offshore platform health monitoring
applications of wireless sensor,” Proc. 2003.

V. K. Varadan and V. V. Varadan, “Design and development of
smart skin conformal antenna with MEMS structural sensors and ac-
tuators,” The international society for optical engineering, 3046, pp. 94-
105,1997.

V. K. Varadan, H. Subramanian and V. V. Varadan, “Design and
fabrication of wireless remotely readableMEMS accelerometers,”
SPIE The international society for optical engineering, 3242, pp. 36-45,
1997.

V. K. Varadan, H. Subramanian and V. V. Varadan, “Wireless remote
accelerometer,” SPIE The international society for optical engineering,
3316, pp. 497-503, 1998.

V. K. Varadan, H. Subramanian and V. V. Varadan, “Smart pro-
grammable wireless microaccelerometers,” The international society for
optical engineering, 3328, pp. 333-342, 1998.

V. K. Varadan and V. V. Varadan, “Wireless conformal sensors for
health monitoring and damage monitoring,” Proceedings of the Ja-
pan international SAMPE symposium; 6 Conference. 2, pp. 955-958,
1999.

V. K. Varadan, V. V. Varadan and H. Subramanian, “Fabrication,
characterization and testing of wireless MEMS-IDT based microac-
celerometers,” Sensors and Actuators A Physical, 90, pp. 7-19., 2001.

D. ]. Pines and A. Philip Lovell, “Conceptual framework of a remote
wireless health monitoring system for large civil structures,” Smart
materials and Structures. 7(5), pp. 627-636, 1998.

D. J. Pines, “Monitoring the health of civil infrastructure,” Structural
Congress proceedings: Structural Engineering in the 21st Century, pp.
352-356,1999.

C. B. Williams, A. Pavic, R. S. Crouch and R. C. Woods, “Feasibility
study of vibration-electric generatorfor bridge vibration sensors,”
Proceedings of the 16" International Modal Analysis Confer-
ence]lMAC. 1111- 1117, 1998.

P. R. Gray and R. G. Meyer, “MOS operational amplifier design-a
tutorial overview,” IEEE ]. Solid-State Circuits SC, 17, pp. 969-83, 1982.
J. L. McCreary and P. R. Gray, “ALL-MOS charger distribution ana-
log-digital conversion techniques-Part 1,” IEEE |. Solid-State Circuits
SC, 10, pp. 371-9, 1975.

[24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

IJSER © 2013
http://www.ijser.org

909

R. E. Suarez, P. R. Gray and D. A. Hodges, “ALL-MOS charge-
redistribution analog-digital conversion, conversion techniques-part
II,” IEEE ]. Solid-state Circuit SC, 10, pp. 379-85, 1975.

H. S. Lee and D. A. Hodges, “Self-calibration technique for AID con-
verters,” IEEE Trans. On Circuits and Systems, pp. 188-90, 1983.

H. S. Lee and D. A. Hodges, “Accuracy in self-calihrating AID con-
verters,”IEEE Fans. On Circuits and Systems, pp. 590-7, 1985.

N. Najafi and K. D. Wise, “An organization and interface for sensor-
driven semiconductor process control systems,” IEEE naris. On Semi-
conductor Manufacturing,3, pp. 230-8, 1990.

T. S. Rappaport, “Wireless Communications: Principles and Prac-
tice,” Prentice-Hall, Englewood Cliffs, N J, 2002.

F. Zhao and L. Guibas, “Wireless Sensor Networks: An Information
Processing Approach,” Morgan Kaufman, San Francisco, CA, 2004.

S. Y. Seidel and T. S. Rappaport, “914 MHz Path Loss Prediction
Models for Indoor Wireless Communications in Multifloored Build-
ings,” IEEE Transactions on Antennas and Propagation, 40(2), pp. 207-
217,1992.

A. Davidson and C. Hill, “Measurement of Building Penetration into
Medium Buildings at 900 and 1500 MHz,” IEEE Transactions on Ve-
hicular Technology, 46(1), pp. 161-168, 1997.

J. S. Pei, C. Kapoor, Graves T. L. Abe, Y. Sugeng and J. P. Lynch,
“Critical Design Parameters and Operating Conditions of Wireless
Sensor Units for Structural Health Monitoring,” in Proceedings of the
23+ International Modal Analysis Conference (IMAC XXIII), Orlan-
do, FL, January 31-February 3, 2005.

V. R. Singh, “Smart sensors; physics, technology, and application”
Instrumentation and Sensor Group, national physical laboratory, New
Delhi-110012, 2004.

V. R. Singh, Proc. All Indsymp on modernization of automobile in-
dustry with its impaction environments, New Delhi .1996.

V. R. Singh, Proc. Conf. on metrology in radiation to environment,
New Delhi. 1997.

V. R. Singh, “Advance in metrology and its role in quality improve-
ment and global trade” Narosapubl, New Delhi, 1996.

M. Celebi, “Seismic Instrumentation of Buildings (With Emphasison
Federal Buildings),” Technical Report No. 0-7460-68170, United
States Geological Survey, Menlo Park, CA, 2002.

P. Mac Gillivray and K. Goddard, “Advanced Sensor Technologyfor
Marine Propulsion Control Systems,” in Proceedings of the 11t Ship
Control Systems Symposium, UK, 2, pp. 245-257,1997.

S. W. Doebling, C. R. Farrar and M. B. Prime, “A Summary Review of
Vibration-based Damage Identification Methods,” Shockand Vibration
Digest, 30(2), pp. 91-105, 1998.

H. Sohn, C. R. Farrar, F. M. Hemez, J. J. Czarnecki, D. D. Shunk, D.
W. Stinemates and B. R. Nadler, “A Review of StructuralHealth Mon-
itoring Literature: 1996-2001,” Report Number LA-13976-MS, Los
Alamos National Laboratory, Los Alamos, NM, 2004.

F. Wu and F.K. Chang, “A Built-in Active Sensing Diagnostic Sys-
temfor Civil Infrastructure Systems,” Smart Structures and Materials,
4330, PP. 27-35, 2001.

G. Park, H. H. Cudney and D. J. Inman,”Impedance-based Health-
Monitoring of Civil Structural Components,” Journal of Infrastructure
Systems, 6(4), pp. 153-160, 2000.

G. Park, H. Sohn, C.R. Farrar and D. J. Inman, “Overview of Piezoe-
lectriclmpedance-based Health Monitoring and Path Forward,” Shock
and Vibration Digest, 35,(6), pp. 451-463, 2003.


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 4, Issue 5, May-2013 910
ISSN 2229-5518

[44] P. Jerome, Lynch and J. Loh Kenneth, “A summary review of wire-
less sensors and sensor networks,” The Shock and Vibration Digest,
38(2), pp. 91-128, 2006.

[45] P. Silva Girdo, F. Algeria, J. M. Viegas, B. Lu and J. Vieira, “Wireless
System for Traffic Control and Law Enforcement”, IEEE International Con-
ference on Industrial Technology, pp. 1768-1770, 2006.

[46] H. Sohn, C.R. Farrar, N.F. Hunterand and K. Worden, “Structural Health
Monitoring Using Statistical Pattern Recognition Techniques,” Journal of
Dynamic Systems, Measurement, and Control, 123, pp. 706-711, 2001.

[47] B. Westermo and L. D. Thompson, “A peak strain sensor for damage as-
sessment and health monitoring,” International Workshop on Structural
Health Monitoring, pp.515-526, 1997.

[48] A. Lay-Ekuakille, P. Vergallo, N. I. Giannoccaro, A. Massaro, and D.
Caratelli, “Prediction and validation of outcomes from air monitoring sen-
sors and networks of sensors,” in Proc. 5th Int. Conf. Sensing Technol., pp.
73-78,2011.

[49] H.C. Lee, A. Banerjee, Y. M. Fang, B. J. Lee, and C. T. King, “Design of a
multifunctional wireless sensor network for in situ monitoring of debris
flows,” IEEE Trans. Instrum. Meas., 59(11), pp. 2958-2967, Nov. 2010.

[50] A. Kumar, I. P. Singh, and S. K. Sud, “Development of multi-channel data
logger for indoor environment,” J. Eng., 2(9), pp. 690-697, 2010.

[51] V. Nandakumar, D. Bishop, E. Alonnas, J. Labelle, L. Joshi, and T. L. Al-
ford, “A low cost electrochemical biosensor for rapid bacterial detection,”
IEEE Sensors J., 11(1), pp. 210-216, 2011.

[52] C. K. Chau, W. K. Hui, and M. S. Tse, “Evaluation of health benefits for
improving indoor air quality in work place,” Environ. Int., 33(2), pp. 186-
198, 2007.

[53] W. S. Cain, J. M. Samet, and M. J. Hodgson, “The quest for negligible
health risks from indoor air,” ASHRAE J., 37(7), p. 38, 1995.

[54] G. Hoek, B. Brunekreef, S. Goldbohm, P. Fischer, and P. A. Brandt, “Asso-
ciation between mortality and indicators of traffic-related air pollution in the
Netherlands: A cohort study,” Lancet, 360(9341), pp. 1184-1185, 2002.

[55] J. F. Nicol and M. A. Humphreys, “Adaptive thermal comfort and sustaina-
ble thermal standards for buildings,” Energy Build., 34(6), pp. 563-572,
2002.

[56] G. S. Brager and R. J. Dear, “Thermal adaptation in the built environment:
A literature review,” Energy Build., 27(1), pp. 83-96, 1998.

[57] P. Kumar, B. Singh and M. Rani, "An Efficient Hybrid Classification Ap-
proach for Land Use/Land Cover Analysis in Semi-Desert Area using
ETM+ and LISS-IIlI Sensor," Sensors Journal, IEEE, 13(6), pp. 2161-2165,
2013.

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/

	1 INTRODUCTION
	2 SMART SENSORS AND ITS TECHNOLOGY
	2.1 Signal Processing
	2.2 Digital Control and Manupulation
	2.3  Communication and Bus Interaction

	3 WORKING OF SMART SENSORS
	4 MONITORING CIVIL INFRASTRUCTURE
	Acknowledgments
	References




