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ABSTRACT: Smart structures technology can be divided into two disciplines of automated 

health monitoring of structures and vibration control. The latter can be further divided into 

active control systems, semi-active control systems requiring only limited power such as a 

battery, and hybrid control systems. After a brief overview of the field, the author presents a 

vision and way of designing and managing the civil infrastructure for the 21
st
 century including 

both smart structures and intelligent transportation systems. The smart structure technology 

advanced by the author and his associates is based on adroit integration of a number of 

computing and information technologies including vibrations control, dynamic neural networks, 

wavelets, chaos theory, and genetic algorithm. Sample examples of the research performed by 

the author and his associates in recent years in the two areas of health monitoring and vibration 

control of smart structures are presented briefly. 

 

 

1 INTRODUCTION 

Broadly speaking, a smart structure can sense its dynamic loading environment via sensors and 

modify its behavior in real time so that it can withstand external dynamic forces such as 

earthquake loading, wind, or impact.  In other words, a smart structure is an intelligent machine 

that can change and adapt to its environment dynamically (Adeli and Jiang, 2009).  This is in 

contrast to the conventional view of a structure that has existed for millennia.   

 

Smart structures technology can be divided into two disciplines of automated health monitoring 

of structures and vibration control. The latter can be divided into active control systems (Adeli 

and Saleh, 1999), semi-active control systems requiring limited power such as a battery, and 

hybrid control systems. Active control systems include active tuned mass dampers, distributed 

actuators, and active tendon systems. Semi-active control systems include magnetorheological 

(MR) fluid dampers, semi-active stiffness dampers, semi-active tuned liquid column dampers 

(TLCD), piezoelectric pampers, and semi-active tuned mass dampers (TMD). Hybrid control 

systems can be a combination of active or semi-active and passive systems such as hybrid mass 

dampers, semi-active base isolators, actuators with passive dampers, and semi-active TLCDs 

with passive dampers (Kim and Adeli, 2005a). The common goal in all of them is to minimize 

the vibrations in real time. They all require an effective control algorithm.      
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Most of the work done in the area of vibration control in the past five years has centered around 

semi-active and hybrid control systems.  There has been emphasis on the use of MR dampers, 

piezoelectric actuators, and semi-active and hybrid TLCDs due to their effectiveness, 

robustness, and minimal operating requirements.  In regards to control strategies, early attempts 

on structural control were based on the use of existing control algorithms such as LQR and LQG 

developed in other fields, for instance  aerospace engineering. In recent years, however, 

research has shifted to  modifying the existing control algorithms, development of 

adaptive/intelligent control algorithms using soft computing techniques (neural networks, GA, 

and fuzzy logic) (Adeli and Hung, 1995; Adeli and Park, 1998; Adeli and Karim, 2001), or 

creating new control algorithms specifically for control of civil structures such as the wavelet-

based control algorithm of Adeli and Kim (2004) to be discussed later.   

 

In this Keynote Lecture the author presents a vision and way of designing and managing the 

civil infrastructure for the 21
st
 century (Adeli and Jiang, 2009). The author and his associates 

have developed novel computational models for both smart structures and intelligent 

transportation systems (Adeli and Karim 2000, 2005; Adeli and Ghosh-Dastidar, 2004; Ghosh-

Dastidar and Adeli, 2003, 2006; Jiang and Adeli, 2004; Karim and Adeli, 2002a,b; Samant and 

Adeli, 2000). But this Keynote Lecture focuses primarily  on the area of smart structures. In 

addition to the innovative hardware technologies such as smart materials, sensors and actuators, 

advanced computing technologies such as data mining and automatic feature extraction 

techniques play an important role in creating an effective smart structure technology (Adeli and 

Jiang, 2009). The smart structure technology advanced by the author and his associates is based 

on adroit integration of a number of novel computing and information technologies including 

vibrations control, dynamic neural networks (Adeli and Jang, 2006; Jiang and Adeli, 2005a,b), 

wavelets (Adeli and Karim, 2005), chaos theory (Jiang and Adeli, 2003), and genetic algorithms 

(Adeli and Cheng, 1994a,b; Adeli and Kumar, 2005a,b; Sarma and Adeli, 2000a,b). Sample 

examples of the research performed by the author and his associates in recent years in the two 

areas of health monitoring and vibration control of smart structures  are presented briefly. The 

readers should refer to the  journal articles cited and a recent and a forthcoming book (Adeli and 

Jiang, 2009; Adeli and Kim, 2009).  

2 A NEW VIBRATION CONTROL ALGORITHM FOR CIVIL STRUCTURES 
 

Classical feedback control algorithms such as the LQR and LQG algorithms (Adeli and Saleh, 

1997; Saleh and Adeli, 1997) have been used for structural control problems extensively in 

recent decades. These algorithms are popular mainly due to their simplicity and ease of 

implementation. Even though they can be used to reduce vibrations, they suffer from a number 

of fundamental shortcomings such as being susceptible to parameter uncertainty and modeling 

error and failing to suppress the vibrations when frequency of the external disturbance differs 

even slightly from the natural frequencies of the structure. Kim and Adeli (2004) developed 

novel control algorithms to overcome the limitations of classical feedback control algorithms. 

They present a hybrid feedback- Least Mean Square (LMS) algorithm for vibration control of 

structures through integration of a feedback control algorithm such as the LQR or LQG 

algorithm and the filtered-x LMS algorithm. They show that the hybrid feedback-LMS 

algorithm minimizes vibrations over the entire frequency range and thus is less susceptible to 

modeling error and inherently more stable. 

 

Wavelets have been used in a number of fields such as earthquake signal processing (Zhou and 

Adeli, 2003a,b) and intelligent transportation systems (Adeli and Samant, 2000; Samant and 

Adeli, 2000). Adeli and Kim (2004) introduced the concept of wavelets for vibration control of 

structures for the first time. They present a new wavelet-hybrid feedback LMS algorithm for 
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robust control of civil structures through adroit integration of a feedback control algorithm such 

as the LQR or LQG algorithm, the filtered-x Least Mean Square (LMS) algorithm, and 

wavelets. The new wavelet-based control algorithm has the following advantages: a) It includes 

the external excitation term in its formulation, b) It is capable of suppressing vibrations over a 

range of input excitation frequencies, c) It is less susceptible to structural modeling 

approximations and errors than classical feedback algorithms, d) It is effective for control of 

both steady-state and transient vibrations, and e) It uses wavelet transform  for stable updating 

of the coefficients of the adaptive filter in the control algorithm. The wavelet-based vibration 

control algorithm has been used successfully for robust vibration control of irregular highrise 

building structures (Kim and Adeli, 2005c) and bridges (Kim and Adeli, 2005b).  

3 HEALTH MONITORING OF STRUCTURES  

 

Adeli and Jiang (2006) present a dynamic time-delay fuzzy wavelet neural network (WNN) model for 

nonparametric identification of structures using the nonlinear autoregressive moving average with 

exogenous inputs approach. The model is based on the integration of four different computing concepts: 

dynamic time delay neural network, wavelet, fuzzy logic, and the reconstructed state space concept from 

the chaos theory. Noise in the signals is removed using the discrete wavelet packet transform method. In 

order to preserve the dynamics of time series, the reconstructed state space concept from the chaos theory 

is employed to construct the input vector. In addition to denoising, wavelets are employed in combination 

with two soft computing techniques, neural networks and fuzzy logic, to create a new pattern recognition 

model to capture the characteristics of the time series sensor data accurately and efficiently. The model is 

applied to two highrise moment-resisting building structures taking into account their geometric 

nonlinearities. Validation results demonstrate that the proposed methodology provides an efficient and 

accurate tool for nonlinear system identification of high-rising buildings. 

 

Jiang and Adeli (2007) present a nonparametric system identification-based model for damage detection 

of irregular highrise building structures using the dynamic fuzzy WNN model with an adaptive 

Levenberg-Marquardt-least squares learning algorithm. The model does not require complete 

measurements of the dynamic responses of the whole structure. A large structure is divided into a series 

of sub-structures around a few pre-selected floors where sensors are placed and measurements are made. 

A new damage evaluation method is proposed based on a power density spectrum method, called 

pseudospectrum. The multiple signal classification (MUSIC) method is employed to compute the 

pseudospectrum from the structural response time series. The damage detection methodology is validated 

using the sensed data obtained for a 38-story concrete test model. It provide an effective tool for real-time 

health monitoring and nondestructive damage evaluation of both highrise building and bridge structures. 

4 NONLINEAR VIBRATION CONTROL OF STRUCTURES  

 

Recently, Jiang and Adeli (2008a) presented a new nonlinear control model for active control of three 

dimensional highrise building structures under extreme dynamic loadings. Both material and geometrical 

nonlinearities are considered in modelling the structural response. A dynamic fuzzy WNN is developed as 

a fuzzy wavelet neuroemulator to predict structural responses from the immediate past structural 

responses and actuator dynamics. A floating-point genetic algorithm is developed for finding the optimal 

control forces for active nonlinear control of building structures using the dynamic fuzzy wavelet 

neuroemulators  (Jiang and Adeli, 2008b). A highrise steel building structure with vertical irregularity is 

used to validate the new neuro-genetic control algorithm under two seismic excitations. Validation results 

demonstrate that the new control methodology is effective in significantly reducing the response of large 

irregular building structures subjected to seismic excitations. 

 

5 CONCLUDING REMARKS  
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It took some eight decades for the base isolation technology (a German engieer holds a 1906 

U.S. patent on a vibration isolation system) to move from concept to actual implementation in a 

building in Southern California in 1985. And it took more than three decades for the passive 

TMD system to become reality. But, it took only about a decade for the passive TLCD system 

to be implemented in an actual building (The passive TLCD system, originally developed by 

Sakai et al, 1989, 1991, was employed in a 48-story building in Vancouver, Canada, completed 

in 2001).  

 

Senors are being placed on or embedded in an increasing number of structures. The health 

monitoring part of the smart structure technology has a lot better chance of implementation in 

the coming years. The hardware technology is well ahead of the computational and software 

technology though. The major challenge is automatic data mining of a huge amount of data 

obtained from sensors with the goal of automatic damage detection. The research presented in 

this lecture is a step in that direction.  

 

Actual implementation of active, semi-active, and hybrid vibration control systems will take 

more time. A key challenge is develpment of reliable and robust control structures that can 

calculate the required level of vibration control accurately for any external wind, seismic, or 

other dynamic excitations. With additional research, both computational and experimental, the 

smart structures technology should penetrate the construction industry in the coming decades. If 

the trend is any indication one can hope the transfer of technology will be on a steeper curve 

from here on.  
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