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ABSTRACT 

 

This paper presents two methodologies for structural 

damage identification, each in view of an alternate 

reasoning. The Virtual Distortion Method (VDM) is a 

model-refreshing strategy for damage appraisal, using 

angle based streamlining procedures to tackle the 

subsequent backwards powerful issue in the time area. 

Case-Based Reasoning (CBR) is a delicate figuring 

technique using wavelet change for flag handling and 

neural systems for preparing a base of damage cases to 

use for recovering a comparable significant case. Points 

of interest and disadvantages of each approach are 

examined. Subjective and quantitative correlations 

between the two methodologies are made. 

 

Keywords: Damage identification, structural, VDM, 

CBR. 

 

 

 

INTRODUCTION 

 

Strategies for identification basic damage can be generally 

part into high-and low-recurrence based excitation 

techniques. High-recurrence based techniques, for instance 

ultrasonic testing [1], acoustic outflow [2], Lamb wave 

review [3] are centered around exact identification proof of 

a little imperfection in a tight investigation zone. An 

extensive survey of high-recurrence based strategies is 

given in [5]. Conversely, low-recurrence based techniques 

utilize vibration-delicate parameters to distinguish huge 
damage in a generally wide investigation zone. As cases, 

high-recurrence based strategies are utilized as a part of 

aviation for split identification proof in a wing, while low-

recurrence based techniques are utilized as a part of 

structural building for inspecting solidness corruption of an 

extension.  

 

The two techniques displayed in this paper are produced for 

low-recurrence application. The 5FP undertaking 

PiezoDiagnostics (PD) focused on two noteworthy 

objectives and gave the motivating force. The main 

objective was to check the capacity of piezo-gadgets for 
inciting (actuators) and gathering (sensors) the low 

recurrence (beneath 1 kHz) basic vibration reaction. The 

second objective was to create programming apparatuses 

for performing damage identification proof by breaking 

down bothers saw in the reaction because of solidness 

debilitating damage (e.g., consumption). Applications to 
designing framework for transport and capacity of liquid 

media (e.g., pipelines, oil tanks) were considered. The result 

of the product part of the undertaking is the subject of this 

paper. Two programming bundles were created utilizing 

two autonomous methodologies [4].  

 

The main approach, Virtual Distortion Method (VDM) 

created by the SMART-TECH Center (STC), has a place 

with the class of model-refreshing strategies. It utilizes 

slope based advancement methods in damage identification 

proof calculations. The second approach, Case-Based 

Reasoning (CBR) created by the Modal Intervals and 
Control Engineering Laboratory (MICE Lab), has a place 

with the class of soft computing techniques. It utilizes 

wavelet change for flag handling and neural systems to 

coordinate another damage case with the most significant 

already put away case utilizing closeness criteria [6].  

 

VDM-BASED APPROACH 

 

This segment portrays the utilization of VDM for damage 

appraisal. A limited component show is manufactured and 

altered to decide parameters identification the area of 
damage and to measure its force. Most low-recurrence 

vibration-based strategies for damage identification proof 

require a limited component show. A few damage delicate 

parameters of the model are chosen for diagnosing 

structural wellbeing. The damage identification proof 

technique comprises of refreshing the model parameters to 

best match an exploratory reaction of a damaged structure. 

A subsequent converse issue must be unraveled. Normal 

frequencies and mode shapes are regularly utilized for 

surveying damage[7]. Antiresonance frequencies can 

enhance the exactness of damage forecasts.  
 

Modular ebb and flow was recognized as a damage delicate 

parameter. The SHM calculations likewise contained 

modular strain vitality and modular motor vitality as 

parameters. Effectiveness change from display lessening is 

a critical issue in demonstrate refreshing. Extensions are 
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genuine structures for which approvals of SHM techniques 

have been much of the time performed. A fascinating 

contrasting option to backwards strategies in damage 

appraisal is the Direct Stiffness Calculation Method 

proposed in. VDM has been produced over numerous years 

by STC. It has been delegated a quick reanalysis strategy in 
[8].  

 

It is extremely productive where a unique reaction of a 

structure is known. Changes to its conduct can be presented 

without rehashing the entire examination. Different issues 

of basic mechanics can be fathomed utilizing VDM, for 

instance dynamic crumple, basic renovating, damage 

identification proof, vibration control, and versatile 

structure plan. Use of VDM as an instrument for framework 

(water systems) demonstrating and diagnostics has been as 

of late concentrated in [9]. Displaying neighborhood basic 

adjustments is accomplished by presenting a relating virtual 
bending ε o , which is an underlying strain, forced locally in 

a component of a discrete (truss) or discretized (pillar) 

structure.  

 

The VDM reanalysis can be performed rapidly (without any 

emphasess as a result of the known introductory strain) 

utilizing the supposed impact framework D, which is 

constantly made as a reason for all calculations. The impact 

lattice characterizes all local– worldwide between relations 

for a structure, including its limit conditions. It is a 

gathering of impact vectors, which are progressively made 
for every component of the structure. Each impact vector is 

made by putting away the reaction of the entire structure 

(all components) because of burden of a unit virtual 

contortion in a chose component. Green's capacities in 

continuum are the similarity to the impact lattice for 

discretized (discrete) structures. A nitty gritty portrayal of 

VDM and its applications can be found in.  

 

VDM algorithmic upgrades: computational time 

diminishment  

 

The possibility of the moving window strategy is to pick a 
self-assertive zone of the structure, comprising of less 

components than the essential number of all components 

between the actuator and sensor. The chose window is then 

moved along between the actuator and sensor, and 

identification proof performed. In the event that there is no 

damage in the piece of the structure secured by the moving 

window, the streamlining calculation will figure a drop of 

the target work by close to one request of greatness and will 

waver around the esteem. The way that the calculation can't 

play out a further drop of the target work is deciphered as 

no damage in the window put in the present position.  
 

A drop by no less than three requests of extent will be 

watched if there is damage in the moving window, and is 

adequate regarding exactness and computational time. The 

benefit of this strategy is a huge lessening of computational 

time as a result of the constrained piece of the structure 

examined (less limited components). The weakness of the 

procedure is that the chose window must be moved 

commonly keeping in mind the end goal to cover the entire 

zone between the actuator and sensor. Nonetheless, 

rehashing numerous investigations rapidly for expansive 

structures ought to be essentially speedier than completing a 
solitary tedious one [10].  

 

Another procedure proposed for the diminishment of 

computational time is programmed determination (utilizing 

VDM-based programming) of a window covering the 

proper zone of damage. An underlying window (starting 

conjecture) must be set some place in the structure, however 

angles are ascertained for every other component between 

the actuator and sensor also. At the end of the day, the 

primary intrigue is focused on the underlying window, 

however whatever is left of the structure is additionally 

checked. Computational time contrasted with the moving 
window strategy is expanded yet the underlying window 

can be moved consequently by investigating negative 

inclination esteems in the improvement procedure.  

 

Subsequently, this investigation does not need to be 

rehashed as in the moving window method and is 

aggressive regarding figuring exertion. There is an issue in 

restricting the identification proof enthusiasm to one 

noteworthy imperfection. This suggests a stamped 

improvement of the calculation on the grounds that the 

impact framework D is essentially diminished. The one-
deformity approach prompts disposal of the interior whole 

finished j. In physical terms, this implies ignoring the 

between connection between neighboring components and 

is in opposition to the standard VDM approach. Thus, the 

calculations are substantially faster, yet just a single 

deformity can be identified. This approach will be the 

subject of examination in future research [11]. 

 

 

VDM settings: dynamic parameters and FE 

discretization  

 
The cost is affected by the underlying parameters accepted 

in the investigation; particularly by the quantity of time 

ventures in the Newmark calculation and by augmentation 

of the possibly damaged zone of the structure (the quantities 

of limited components for which inclinations are 

computed). A higher number of time steps prompts comes 

about that are more precise. In any case, an immersion 

indicate (due a little advance length in the Newmark 

calculation) can be resolved at a specific stage past which 

no critical change is watched. This is the right trade off 

amongst precision and computational speed. Calculations 
are moderated significantly when the quantity of limited 

components considered for the potential damage is 

expanded. Accordingly, any recommendation on where the 

damage might be found, in view of designing judgment, is 

important as it limits the review zone. In the event that a 

little deformity is normal, the FE size ought to generally 
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compare to the underlying supposition else it won't be 

recognized [12].  

 

CBR-BASED APPROACH 

 

This segment depicts a half and half thinking framework for 
damage identification proof [13] created by the MICE Lab. 

The framework joins a model of the structure with a CBR 

plan to assess presence of damage and its parameters, area, 

augmentation (measurement), and power (seriousness). 

Most basic wellbeing observing strategies incorporate 

Artificial Intelligence, including: wavelet changes, 

counterfeit neural systems hereditary calculations and 

measurable examination. Be that as it may, the utilization of 

learning based methodologies, (for example, CBR) has not 

been misused particularly for damage location in spite of 

the fact that it has been recommended by Natke and Yao. In 

the field of structural plan, a few specialists have connected 
CBR to connect outline [15].  

 

Since numerous displaying potential outcomes exist to 

clarify the conduct of structures, Raphael and Smith depict 

an approach for choosing suitable causal models for 

designing conclusion. The basic dynamic reactions to given 

excitations are reproduced within the sight of various types 

of damage utilizing at least one demonstrates. A gathering 
of the reactions frames an arrangement of cases. In a 

learning mode, an underlying casebase is made utilizing 

Self-Organizing Maps (SOM) as a grouping device. To 

lessen the quantity of info signs to SOM without 

diminishing the characterization precision required, the 

Wavelet Transform (WT) is utilized to separate highlights 

from the deliberate flag while holding the vast majority of 

the natural data. At the point when the framework is 

working in its working mode, information procured by 

sensors are utilized to play out a finding by similarity with 

the cases put away in the casebase, reusing and adjusting 

old circumstances. At whatever point another circumstance 
is recognized, it is held in the casebase keeping in mind the 

end goal to refresh the accessible data. 

 

 

  
 

Figure 1: Proposed CBR cycle 

 

Casebase building:  A casebase is an array in memory organizing all cases to facilitate the search for the case most closely 

matching the current problem. In the presented methodology, each casebase is an SOM. The minimal representation is a set 

of principal features that are extracted from the coefficients of the Wavelet Transform applied to the simulated dynamic 

response. Figure 2 shows the process of feature extraction and of building a casebase [16]. 
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Figure 2:  Casebase building  

 

 

To extract the principal features, the wavelet coefficients 

are computed for each selected case. The coefficients at a 

similar position in various cases are considered as tests of 

autonomous arbitrary factors. Thusly, from the Central 
Limit Theorem, every factor is roughly regularly circulated. 

The mean estimations of the Gaussian circulation and the 

maximal wavelet coefficients happen at similar positions, 

which decide the midpoints of bunches. This example of 

bunches contains significant flag data. Hence, each 

component is resolved as the square base of the vitality of 

the wavelet coefficients in the comparing bunch [17]. After 

the cases are produced, they are sorted out in memory for 

recuperation at the required time. A SOM is made and 

prepared. It has l neurons (one for each element) in the info 

layer and m*n (m and n rely on the quantity of cases to 
store) bunches (or neurons) in the yield layer. The system 

arranges the cases with comparable attributes in each group 

[18].  

 

It can be in this manner refined utilizing the VDM approach 

if important. In non-repetitive wellbeing observing, the 

benefit of fast identification proof by the CBR is lost (the 

investigation won't be rehashed) and the VDM approach 

has all the earmarks of being more precise. The issue of 

model adjustment seems, by all accounts, to be basic for the 

adequacy of the proposed PD programming. For little 

demonstrators (e.g., the exhibited shaft), the model 
adjustment is adequate to begin damage ID. Be that as it 

may, it is an unpredictable errand for genuine structures 

[19]. The high numerical cost of playing out the 

identification proof calculation for huge structures 

comprising of thousands of limited components emerges 
with both VDM and CBR. In any case, quick advance in PC 

control change recommends that computational cost is 

probably not going to be the real snag for the created PD 

programming. The damage identification proof technique 

portrayed in this paper can be effectively connected to 

structures displayed by shafts, for which the previously 

mentioned issues don't hold. It might be conceivable to 

apply the techniques to plate and shell structures later on 

[20].  

 

 

 

 

CONCLUSION 

 

In this paper the damage identification technique utilizing 

RSM has been depicted in subtle elements for an essentially 

upheld shaft. At that point the unwavering quality of such 

damage identification proof process in view of meta-

demonstrating approach has been investigated. This strategy 

for dependability appraisal of damage discovery methods 

can be reached out to more mind boggling structures. 

Before doing the genuine damage identification process in 
any structure, this sort of dependability appraisal is firmly 
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prescribed for judging its likelihood to effectively recognize 

the damage in that specific structure. 
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