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An important challenge to the engineering research community is to develop methods of monitoring the 
health as well as detecting damage in large-scale structures.  To date, numerous methods have been 
developed employing the vibration characteristics of a structure to predict the locations and degrees of 
damage.  While numerous MATLAB based toolboxes are available to calculate the modal parameters 
of a vibrating structure, none to date include the capability to look at these parameters and predict 
damage locations and severity.  In response to this, the authors have developed a damage detection 
toolbox for MATLAB that can be used in conjunction with available modal analysis software like Los 
Alamos National Lab’s DIAMOND.  The toolbox employs a user friendly graphical user interface that 
provides the user with displays to view input parameters and to view calculated damage detection 
results.  The objective of the toolbox is to provide a user friendly platform to help researchers to 
experiment and incorporate additional algorithms for damage detection applications.             
 
Modal analysis software is required to examine the frequency response of a structure and extract the 
dominant modes of the structure’s vibration behavior.  This information is then passed on to the 
damage detection toolbox, which will detect damage in the structure.  The toolbox has been designed 
to offer a large degree of flexibility by allowing the user to select from a number of damage detection 
algorithms.   These algorithms can be classified in two categories; probabilistic based and deterministic 
based.   
 
The damage detection toolbox uses one probabilistic damage detection algorithm that employs the use 
of a Bayesian approach to search for the most probable damage event by comparing relative 
probabilities for different damage hypotheses.  The first variation of the Bayesian search algorithm is 
based upon the comparison of modal parameters of an analytical model and the modal parameters 
from the modal analysis software to predict damage locations.[1]  The second variation uses the Ritz 
vectors extracted from the modal parameters and the Ritz vectors from an analytical model in its 
comparison to postulate damage locations.  These methods are suitable if an inaccurate model of the 
structure is assumed or if a high degree of noise is inherent in the vibration test data.  The toolbox also 
provides the user with two deterministic based damage detection algorithms that use traditional model 
updating methods to accurately diagnose damage within a structure.[2]  These methods are best suited 
for instances where the structure can be accurately modeled and little noise is contained in the vibration 
test data. 
 
The damage detection toolbox has been successfully used at Stanford University to predict damage in 
structures recently tested.  The toolbox has been used in the diagnoses of damage for an eight bay 
truss structure, a simple beam, and in a grid-type bridge model.   
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