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1. Statistical Pattern Recognition

2.Random decrement

3. Free decay vibration

4. Autoregressive- Autoregressive with exogenous output model
5. Bhattacharya measure
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Abestrct

Damage detection is a necessary part for structural health monitoring (SHM), being beneficial to SHM and
determining the severity of damage. Application of statistical pattern recognition methods for SHM has
gained considerable attention to detect changes in a structure. One of the advantages of these methods is that
only data from undamaged state is needed in training phase (unsupervised learning) as opposed to supervised
learning where data from both undamaged and damaged conditions is required to train the model. There are
different approaches used by researchers and the success of a certain one may depend on the type of
structure or structural changes. Most of studies focused on the application of statistical pattern recognition
methodologies for SHM utilize the time series analyses for extracting damage-sensitive features. These
features are statistical properties of time series models that directly depend on damage. Extracting damage-
sensitive features is a fundamental step in damage detection process because pattern recognition algorithms
can identify the state of structure unless these features are just dependent on damage. The change in an
environmental and operational condition during the data acquisition process is one of the problems that
causes damage features to be depended on factors besides existence of damage. This can lead to incorrect
structural state identification. On the other hand, after extracting damage-sensitive features, the application
of a statistical novelty detection methodology for decision making on structural state is a significant topic in
SHM.

This paper proposes a new application of random decrement (RD) technique in order to choose
appropriate and accurate damage features which are independent from environmental and operational
conditions of structure. The RD technique transforms time series data of the structural response to free
decay vibration form that only consist of dynamic properties information by averaging them at specific
time. Moreover, a novel statistical method named as Bhattacharyya measure is applied as a robust method
for damage diagnosis. The Bhattacharyya measure determines the discrepancy between damage features
from different structural states through partitioning data and utilizing numerical information of each
partition. Herein, before extracting damage features, time series data are averaged through RD technique.
Then the Autoregressive-Autoregressive with exogenous output model (AR-ARX) is used to fit a
mathematical model to the averaged time series data and the residuals are considered as damage features.
The Bhattacharyya measure is utilized for damage identification and localization. The data obtained from
an experimental study on a three-story frame structure model are exploited to validate the accuracy and
reliability of the proposed algorithm. Damage is induced at two different locations. The proposed algorithm
is conducted on data from various operational conditions at two different locations. A comparative study is
also carried out to demonstrate the superiority of the proposed algorithm over some exiting techniques.
Results show that the application of random decrement technique reduces the influence of operational and
environmental condition due to averaging and normalizing data and correctly determines the state of
structure. In addition, using Bhattacharyya measure improves the structural health monitoring results in
damage identification and localization.

Keyword: Damage detection, Statistical pattern recognition, Bhattacharyya measure, Random decrement
technique, Environmental and operational variability
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