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A Study on the Current Status Analysis of Digital Teaching & Learning
Materials Quality Management on the Teaching & Learning Centerl)

Soo-Dong Kim?2

Abstract

The purpose of this study, based on the current status analysis of digital
teaching & learning materials quality management, is to elicit various informations
for developing quality management systems of digital teaching & learning materials.
To achieve this purpose, the study has focused on the followings. First, Survey of
questionnaire with the staffs who are working on managing quality of digital
teaching & learning materials in 16 provices' school board teaching & learning
center is implemented. Second, the current status of quality management of digital
teaching & learning materials in teaching & learning center is analyzed. And based
on the analysis results, various implications for developing quality management
systems of digital teaching & learning materials are elicited. Third, conclusions are

presented by summarizing implications & other related materials.

Keywords: teaching & learning center, teaching & learning materials quality
management, digital teaching & learning materials, quality management systems of

digital teaching & learning materials
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A Study on the Impact of Teaser by Involvement
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Abstract
In this paper, we study the impact of teaser. Manufactur is to be classified into
two groups. One is high involvement and another is low involvement goods. We

compare the impact of teaser and general advertisement by involvement.

Keywords : high involvement, low involvement, teaser, cronbach’ a.
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A Study on the Operation of Center for Teaching and

Learning(CTL) Programs in University

Myoung Suk, Parkl), Dong Hee, Yo02), Hyun Jeong, Lee3d

Abstract

As one of efforts to execute excellent university education, universities are
establishing institutions such as the center for teaching and-learning(CTL) in charge
of research and service for high-quality teachinglearning and, through the
institutions, enhancing the quality of university education and strengthening
educational accountability.

The objective of the present study is to survey the operation of CTL program at
each university, to build a joint network of universities and develop a system for
sharing programs, and to provide materials for enhancing the efficiency of CTL
services.

The contents of the survey conducted in this study are: 1. the environmental
factors of CTL (name, year of establishment, the composition of human resources)
at each university; 2. programs by CTL service type (programs for professors,
programs for students, online class operation support, teaching-learning materials,

and media production support).

Keywords: Center for Teaching and Learning(CTL), teaching-learning, The

Association of Korea CTLs
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<® IV-1> 2z} B8t CTL B3 2 249 dx(2007d 7€ 7]¥)

No| et crLgy | 32 F301A 2

1| 7Hedgdista wskEAlE | 2002 | http://songsim.catholic.ac.kr/~ctl
2 7ol skl g AAAE | 20059 | http://kctl.kangnam.ac.kr

3 7o stal ngskG el | 20033 | http://itl. kangwon.ac.kr

4 | A=gsta(Ag) | BgsEA YAy | 2003 | http://ctl.konkuk.ac.kr/new

5 | A=digtal(EF) | agdtEAdAE | 2003 | http://ctl.kku.ac.kr

6 A% st ngekGA e | 2003 | http://kctl.konyang.ac.kr

7 Z7Idsha wshE A EAlE | 2006 | http://web.kyonggi.ac.kr/kctl

8 78 8l WEEHEAYAE | 20023 | http://www.kyungnam.ac.kr/%7Eedc
9| ZA=dista WwSEAIE | 20039 | http://ctl.knu.ac.kr

10| 7Zdddieta WgEAAAE | 200249 | hitp://www.kyungwon.ac.kr/kitl

11 Adojstnl ngsGAAAE | 20019 | http://www.kiu.ac.kr/~ctl

12| AFdista a5 7] A E 2003 | http://www.gju.ac.kr/ctl

13| 8 stal(Ag) | ashEAdAE | 2004 | http://khetl.khu.ac.kr

14 | Aeqiga(9) | aFshEA e | 2004 | http://ctl.khu.ac.kr/zzbb/st/index.php
15  Addietal WA dAE | 20039 | http:/ketl.kmu.ac.kr/index.jsp

16| arethstal w2003 | http://ctl.korea.ac.kr

17 Ao gl WgEHFAH 20054 | http://cms.kw.ac.kr/kwctl/index.htm
18| =Rt WgEIEAE | 20049 | http://ctl.kookmin.ac.kr

19| #abgiga | wgAGo XYY | 2004 | http://web.kunsan.ac.kr/%7Efcc

20| @A =gt WS TREAE 20044 | http://ctl.nsu.ac.kr

21 (%zmgi) wstEEAlE | 20039 | http://ctl.dankook.ac.kr

22 |7k oistal| wgehs R AlE | 2004 | http://ctl.cu.ac.kr

23 o} - o sl WS/ EAlE | 20019 | http://cms.daegu.ac.kr/ctl

24 | gAY sty | w5 EAlE | 20059 | http://ctl.duksung.ac.kr

25 | =t (M ) | wFehEHEAlE | 20054 | http://ctl.dongguk.edu

26| EAUT WS AIE | 2003 | http://www.dctl.ac.kr

27 soldj st wEskE g AlE | 2003 | http://ctl.donga.ac.kr
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28| w9 W EAE | 20039 | http://ctl.deu.ac.kr

29| WA WS AE 200549 | http://ctl.mju.ac.kr

30 Exetu nWFEAYAME | 2006\ | http://ctl.mokpo.ac.kr

31| wAigta WY | 20054 | http://ctl.bu.ac.kr

32 | FabkEdigtal | agEE R AlE | 20054 | http://petl.cup.ac.kr

33 Fokd) gk WS A YA | 2005 | http://ctl.pusan.ac.kr

34 | FAre o igtal | wgEkE A | 20054 | http://ctl.pufs.ac.kr

35| AHdetu a7 A 2004 | http://ctl.smu.ac.kr

36 A7 o) 8t st AE 2004 | http://sgctl.sogang.ac.kr

37 A 74 o st wEskE Il AlE | 20059 | http://ctl.skuniv.ac.kr

38| A=digu wgsG P AE | 2001 | http://ctl.snu.ac.kr

39| Agakddistal | wskE I AlE | 2006 | http://ctl.snut.ac.kr

40| AgAlgdista | wgesaldAly | 20049 | http://board.stui.net/~ctl

41| Agoadqgta | wp-shE5Ad4 20039 | http://ctl.swu.ac.kr

42| Addgtu W EEAH 20044 | http://etlc.seowon.ac.kr

43|  AEdista st S AlE | 2004 | http://medc.sunmoon.ac.kr

44 AAg st WG A LAY | 20039 | http://sky.sungkyul.edu/ctl

45| A#AgiEga | digtaS Ay | 20019 | http://home.skku.edu/~edc

46 | Aalodxdiea | WA LAY | 20043 | http://www.sungshin.ac.kr/ctl

47 A o 8l WEskE g AlE | 2005 | http://home.semyung.ac.kr/user/sctl
48 | oAt W8t AE 20014 | http://sctl.sookmyung.ac.kr

49| sHZdstw WSk NEEAE | 20024 | http://www.sch.ac.kr/ctl/index.jsp
50 FA g Wt AE 20054 | http://ctl.ssu.ac.kr/index.jsp

51|  Alebhsta Wk EAlE | 2003 | http://ctlsilla.ac.kr

52 oF&Frf st L AHA L AE 2004 | http://www.anyang.ac.kr/education/
53 A A o g A7) 20019 | http://www2.yonsei.ac.kr/ctl

54| @Atdigtu a7 A 20024 | http://ctl.ysu.ac.kr

55 S-A gk WA YAE | 20059 | http://ctl.woosuk.ac.kr

56 Sa gl il 7R E 20014 | http://ctl.wonkwang.ac.kr

57| =Adigta w7 AT AlE | 2005 | http://ced.eulji.ac.kr
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58| o|sto 2y et W EFEAH 2002 | http://home.ewha.ac.kr/~ectl

59|  AAIHE WSk AlE | 2003 | http://ictlinje.ac.kr

60 Q1 o st al XA AE | 2003 | http://ctl.incheon.ac.kr

61| <lstdistu g2 dAE | 1997 | http://ctlt.inha.ac.kr

62 |z Astetw | wgsG/lEd | 20034 | http://wwwl.pcts.ac.kr/pctl

63 Al gt LA AFY | 200343 | http://ctl.chonnam.ac.kr

64| AR | ag-gF/EAE | 2007 | http://ctl.chonbuk.ac.kr/index.jsp
65| A5t W HAYAE | 20019 | http://ctlj.ac.kr

66 24 dg AHALAE 20004 | http://ctl.chosun.ac.kr

67 FSEu kG A A AE | 2001 | http://cctl.cau.ac.kr

68 L oistal oG 20054 | http://www.changwon.ac.kr/~cctl
69| Fedsu W=k lEkAlE | 20059 | http://ctl.chungwoon.ac.kr

70| AFdguw Wk EbA | 2004 | http://icubs.cju.ac.kr

71 FAdEu W HEAYAE | 20043 | http://blog.chongshin.ac.kr/dept/cctl
72| FTEUgtu WA A AE | 20064 | http://www.cnu.ac.kr/cnuctl/index.jsp
73| XZgFdieta | S /dAE | 19999 | http://postechctl.cyoz.com

74 =71 Y| 7lEnSY A | 20039 | http://kctl.kut.ac.kr

75| s el ol gstar | wersr AT AlE | 20034 illtatp5//WWW.hufs.ac.kr/studycenter/index.j
76 sk o &k gAY AE | 20033 | http://cyber.hannam.ac.kr/index.php
7| FHWE wH7PEAlE | 2003 | http://ctlhallym.ac.kr

78|  ghddisha WGEHFAH 2002 | http://ctl.hanbat.ac.kr

79| AL wEE/EAE | 2004 | http://www.hsctl.or.kr/index.html

80| gt WEAEA AT | 20054 | http://www.hansung.ac.kr/~ctl

81| gAIdEtaL WA A AE | 2006 | http://home.hansei.ac.kr/ctl

82 e 3l Reigni gAY | 20039 | http://ctl.hanyang.ac.kr:8001/index.php
83 |tk Atol gt | w8k X Ao E | 2006\ | http://center.hanyangcyber.ac.kr

84 sdgstn g A QMY | 20043 | http://cyber.honam.ac.kr

85 FA g st wgskE Al 20043 | http://gse.hoseo.ac.kr/hctl/index.php
86| =ddigtw Wk /EAlE | 20059 | http://ctl.howon.ac.kr
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A use of linear models for analysis of longitudinal data

Hongyup AhnD

Abstract

The Gaussian linear models are widely used for statistical analyses. One of
advantages of linear models is the easy interpretation of analytical results.
However, as most statistical models require certain distributional conditions, linear
models need several conditions which are frequently overlooked in practice.
Depending on data structure and sampling strategies, one needs to determine a
proper model for analyses. For the Gaussian linear models, mean and covariance
structures must be determined appropriately by the goal of analyses. Longitudinal
data are collected in cohort studies. One property of longitudinal data is series of
data from the same subjects. Thus, covariances of data are not zero as iid cases.
In this writing, we discuss the Gaussian linear models and how longitudinal data are

analyzed under the frame of linear models.

Keywords : Longitudianl data, Covairance structure, Mean structure, Linear model.

1) Assistant Professor, Department of Statistics, Dongguk University, Seoul, 100-715, Korea. E-mail:
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Abstract

In this paper a novel feature extraction and selection is carried out in order to
improve the discriminating capability between healthy and damaged structure using
vibration signals. Although many feature extraction and selection algorithms have
been proposed for vibration signals, most proposed approaches don't consider the
discriminating ability of features since they are usually in unsupervised manner. We
proposed a feature extraction and selection algorithm selecting few wavelet
coefficients with higher class discriminating capability for damage detection and
class visualization. We applied divergence as class separability measures to evaluate
the features. Experiments with vibration signals from truss structure demonstrate
that class separabilities are significantly enhanced using our proposed algorithm

compared to one with original time-based features.

Keywords : Damage detection, Wavelet transform, Fourier transform, Class

separability, Feature generation.
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I. Introduction

Evaluating structural integrity of engineering structures has been a critical
research topic for last few decades in conjunction with ever-increasing demands on
the longevity of service life. Most of engineering structures are easily exposed to
unforeseen defects resulting from inside and outside of their environment such as
fatigue crack, thermal degradation, impact, overloading and corrosion during their
normal operating condition. Because overall cost of repair or downtime could be
enormous for severely damaged social infrastructures, the importance of early
detection and prognosis of damage has been greatly increased. The oldest and the
simplest measure of damage detection such as visual inspection, however, has been
a very limited option only for examining human-accessible areas, which becomes
impossible in a certain circumstance. For these reasons, structural health monitoring
systems using the measurements of vibration characteristics of the structure have
gained attention in recent years [10][11].

Many of vibration—-based damage detection methods exploit the change of dynamic
properties such as modal parameters (natural frequencies, mode shapes, and
frequency response functions) due to stiffness or mass variations in a structure, so
that structural integrity can be remotely and indirectly assessed without physically
involving human inspection. However, one of the main stumbling blocks for
vibration—based approach is inherently low sensitivity of modal properties toward
small size of structural defect [12]. It is very difficult to discriminate the variation
of damage-caused modal properties until the severity of damage becomes
significant.

Our suggested methodology takes a feature—based approach. Features are
considered as random variables. Feature extraction and selection(we call them
feature generation in this paper) are critical steps to reduce the number of
attributes or data dimension considered in the decision—making step. Feature
generation has been an active research area in pattern recognition, statistics, and
data mining communities. The main idea of feature generation is to choose a subset

of input variables by eliminating features with little or no predictive information[2].
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Feature generation can significantly improve the comprehensibility of the resulting
classifier models and often build a model that generalizes better to unseen points.
Relevant features aid in classification, but on the other hand, irrelevant features can
hurt classification performance, and with more features we might need more
training examples to get good performance. Therefore, choosing relevant features
are essential in doing classification[3]. This is true especially in the task of
classifying vibration responses in structural health monitoring(SHM) where the
features outnumber the examples by several orders of magnitude. Relevant feature
in signal classification problem means that those features have high class
discrimination ability capturing the salient characteristics of each signals.

Most of methods used in damage detection are based on the use of the Fourier
transform[1], which breaks down a signal into constituent sinusoids of different
frequencies. The Fourier analysis transforms the signal from a time—-based domain
to a frequency—based one. Unfortunately, in transforming to the frequency domain,
the time information is lost and it is impossible to determine when or where a
particular event took place. To a certain extent, this could be overcome by the
application of different windowing techniques leading to the short-time Fourier
transforms(STFT). But these have also their own limitations such as the fact that
the information about time and frequency can be obtained with a limited precision
that is determined by the size of the window. An alternative method is to use
wavelets[9]. The wavelet analysis transforms a signal from the time domain to the
time—frequency domain. The main advantage gained by using wavelets is the ability
to perform local analysis of a highly localized signal such as spikes. On the other
hand, wavelets can be contained in a finite interval. Hence, they are well suited to
represent or approximate signals containing discontinuities. This property is
particularly important for damage detection applications. Moreover, due to the
availability of a fast transform version, the computational effort to perform the
signal transformation is reduced. Because of these features, the wavelet transform
has recently been considered as a powerful tool for damage detection and
structural health monitoring. Wavelet-based examples showing the time-scale nature

of damage characteristics in vibration responses can be found in Law[6], Li[7], and
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Li, Deng, and Dail8].

To our knowledge, most of the wavelet-based feature extraction algorithms can
be grouped into unsupervised approach, which don't use the information from
training data. For classification problem, supervised feature extraction that utilizes
the information from training data should be better than unsupervised feature
extraction. In this paper, we propose a novel feature generation approach by
selecting few wavelet coefficients with higher class discriminating ability. The
wavelet coefficients selected by vertical energy thresholding[4] scheme to remove
noise and keep the common features of salient multiple signals are defined as
feature. We evaluate the class discriminating capability of each feature for vibration
signal dataset by divergence. Our feature generation method selects the wavelet
coefficients with higher class discriminating capability as features. Then we show
the obvious enhancement of class separability is achieved comparing our proposed
method with the one with original signal-based method.

The rest of the paper is organized as follows: Wavelet VET transform is briefly
presented in Section 2. The proposed feature generation algorithm including a class
separability measure, divergence, to evaluate the class discriminating power of each
feature is described in Section 3. Section 4 describes the experiment with damage
detection problem in truss structure and demonstrates the result and discussions
about the experiment for illustrative purpose. Finally, we conclude the paper by

summarizing the main contributions in Section 5.

II. Wavelet Transform for Vibration Feature Extraction

A. Wavelet Transformation

Wavelet transform [9] is briefly introduced in this section. The discrete wavelet
transform(DWT) provides a transformation of a signal from the time domain to the
time-frequency domain. The DWT is computed on several levels with different
frequency resolutions. As each level of the transformation is calculated, there is a
decrease in time resolution and a corresponding increase in frequency resolution.

The full DWT for a time domain signal in ZL,(finite energy), f(t), can be
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represented in terms of a shifted version of a scaling function ¢(¢t) and a shifted
and dilated version of a so-called mother wavelet function (t). The representation

of the DWT can be written as

@)= k;ZCL,I;:¢L,k(t) ) dj ;1. (t)

i= LkEZ
where d;, are the wavelet coefficients and ¢, ;, L <.J are the scaling coefficients.
These coefficients are given by the inner product in Z,, i.e.,
e =<f(t),¢,,(t)> and d;, =< f(t),;; >.

Here ¢L¢k,(t)=2”2¢(2lt—k): keZ is a family of scalar functions and
wj,k(t)ZZj/Qz/J(th—k); j> L, k€Z a family of wavelet functions. With correct
choices of these mother functions, their family forms an orthogonal basis for the
signal space.

Denote by 4= [yi1s¥i--»y;n] a vector of N equally-spaced data points from a
signal curve where N=2’ with some positive integer J and i=1,2,---,M. The
superscript 7' represents the transpose operator. Let Y= [yl,yz,---,yM]T be the

collection of M multiple sets of functional data. When a discrete wavelet transform

(DWT) W is applied to a data set, the matrix of wavelet coefficients obtained from
this transformation is D= WY, where D=[d;dy--.dp)”, d;=[d;y,dpp:-+,d;y] and d;, is
the wavelet coefficient at the mth wavelet—-position for the ith data curve. The
model of the wavelet coefficients D from M signals is as follows:
D=06+7
where ©=1[0,--.0,0", where 0,=1[0,.0,5,-.0,y], and Z is a column of MXN

random errors with the normal distribution N(0,0?). The "within-signal" variation of

2

wavelet coefficients is characterized by the common process variance o° for

multiple signals.

B. Vertical Energy Thresholding

As mentioned earlier, well-selected features can significantly improve the
comprehensibility of the resulting classifier models and often build a model that

generalizes better to unseen points. In order to achieve this goal, we must first
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have a suitable subset of extracted or modified features of our data, i.e., good
predictor sets should contain features that are strongly correlated to the
characteristics of the data without taking into account the classification method
used, but each of these features should be as uncorrelated with each other as
possible, and to thereby select differentiated features for data dimensionality
reduction for saving computation cost for successive analysis and for noise removal.
This is the reason why we take wavelet transformation into account.

As a means of feature extraction, the vertical-energy based thresholding(VET)
[4] is used in this paper. Most other thresholding method in wavelet analysis deal
with only single signal, thus they fail to return homogeneously selected wavelet
positions for multiple signals since a set of selected features in wavelet depends on
the each pattern of individual signal. In regard of this issue, VET feature extraction
procedure use "vertical energy" metric to deal with multiple signals simultaneously,

dyml* = d2,, + d2,, ++-+ d3p, m=1,2,--,N

which is the sum of all wavelet coefficients at the mth wavelet—position. Then, it
selects the ith position of wavelet coefficients(across of signals) if its vertical
energy is larger than Ay ,, such as

N
Avar = "IZJIE(Hdez)/N-

This VET feature extraction procedure is for multiple signals and balances the
reconstruction error against data-reduction efficiency so that it is effective in
capturing key patterns in the multiple data signals and removing noise. The
selected wavelet coefficients are treated as the "reduced-size" data in subsequent
analysis for decision making. More details about VET procedure, see Jung et all4].
Those selected wavelet coefficients will be taken as the input features of feature

selection step in Section III.
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III. Wavelet VET-based feature generation algorithm including

divergence as class separability measure

The input features generated in Section [I(Wavelet VET-based features) are
evaluated in terms of class discriminating capability by a class separability measure,
divergence, in this section. The following is brief introduction to divergence.
Consider the two class 4 and B classification problem. In this case, a measure of

the discriminatory power of a feature between the two classes, resides in the ratio

of the two probability densities, namely in lnj;gz'l;g. One can ten define the
expected value of that ratio over class 4 as
Y f(z]A)
DAB_/,OOf(ﬂA)lnf(ﬂB) dx

Similarly, one can define the discriminatory information of class B with respect to

A as

Dy, = /jo f(x|B)1nJJZE;||§§ dx

Because In(1)=0, the above integrals are equal to zero when the two classes 4

and B overlap completely. The sum of D,z and Dy, vield a separability measure

between class A and B that is known as the divergence

My=Dyyt Dy = [ (Flala)— fala)n L) g

. f(z|B)
Thus, those features with the highest scores for the divergence M, are

considered as the most discriminatory features in this measure.
The proposed feature generation algorithm is summarized in pseudo-code format

in Algorithm 1.
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Algorithm 1. Wavelet VET-based feature generation algorithm

Input: a set of vibration signals Y= {y,--,y,}, a set of membership index
= {5 --.,I;} where I_{0,1}; O for healthy and 1 for damaged structure, and

the desired feature dimensionality k.

Compute the wavelet transform D= {d,---,dy} where d;_{d;, -, d;n}

Set the vertical wavelet coefficient feature matrix D,_{d,, .d,n} Wwhere
dyi= {d1i7”'7d]ui};

Vd,;ED,, compute the wavelet vertical energy |ld,|I* = d3,+ d3; +---+ d3;

N
Compute Ay, = Y, E(ld,,|*)/N:

m =1
S—Empty;
j=0;
for i=1 to N do
if |ld,lI> = \y,, then
SSUd,
Jj=jt1
end if
end for
Vd,;ES, compute the divergence M\";
Sort § with respect to M,” in descendent order;
F—Empty;
for i=1 to k do
FeFUd,
end for
Output: the feature set F.

IV. Experiment with damage detection in Truss Structure

In this section, aforementioned wavelet-based feature generation method is

demonstrated for detecting stiffness—damaged structures in a mechanical system
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using numerical model.

The physical system under consideration is an 8—bay planar truss structure as
shown in Figure 1. The truss structure is 4m long having two cross—braces in each

bay. All the truss members are composed of aluminum solid bar whose Young's

modulus is 70 % 10°N/m. Each strut is 2em in diameter and the length of each bay
is 0.5m. Its boundary condition is depicted as a cantilevered truss which is fixed
on solid wall to the left. Note that Bernoulli-beam element is used for formulating
FE(Finite Element) model of the structure to accommodate bending moment. To
extract the dynamics of the system, Gaussian random noise input is applied as an
excitation force at point A as shown in Figure 1. The response of the system, i.e.,
the end displacement of point S (in Figure 1) is recorded in the arrow direction.
Figure 1 also illustrates two possible damage locations (E1 and E2), which will

differentiate truss structure from healthy one.

B ta

4m

Fig.1. Schematics of 8-bay planar

truss structure

(a) Sample signal from healthy structure

o] 1 2 3 4 5 5] 7 8
(b) Sample signal from Type 1-damaged structure

4] 1 2 3 4 5 6 7 8
(C) Sample signal from Type 2-damaged structure

Fig. 2. Time-history response from sensor(S)
in the truss structure; (a) healthy condition, (b)
damage type 1, (c) damage type 2
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To simulate the effect of structural defects, the bending stiffness of the beam
element is reduced by 50 percent in element E1 and/or E2 (i.e., 1.0 for healthy and
0.5 for damaged state). The simulation generates sampled data at the rate of
1000Hz for about 8 seconds. To facilitate uncertainties in damage severity, the
level of reduced bending stiffness on each strut is randomly perturbed from its
nominal value and the simulation repeats for 70 times to create a group of data set
for each healthy and damaged cases. This will prove the robustness toward
uncertainties in damage severity perspectives. While this variation of damage
severity tries to mimic unforeseen influences of process error, additionally a white
noise is imposed on each time-history data set to create measurement noise, i.e.,
the SNR(signal to noise ratio)=3 is applied to all the signals. Figure 2 shows the
sample vibration signals from three different conditions such as healthy, type
1(damaged at E1), and type 2(damaged at E2) structure.

To evaluate the performance of our proposed method, three different
experimental settings are used as the type 1 exists only(case 1), type 2 exists only
(case 2), and both types exist together (case 3). Then, the proposed method in this
experiment should extract and select two most significant features for
discriminating classes of healthy and damaged structures and visualizing them in
two dimensional plot as clustering analysis.

Using the simulation data generated in this section, in order to investigate the
effectiveness of our procedure, we will investigate the score of divergence as class
separability measure in two different data domains(original time-based feature and
Wavelet VET-based one) and do two-dimensional clustering analysis for class
visualization in each domain.

Table. 1. Performance comparison on Class Separability Score of Divergence

Feature Base Case Damage Divergence of Divergence of
Locations 1st feature 2nd feature
1 Type-1 5.4999 5.4234
Original 2 Type-2 5.7092 5.5045
3 Type-1 and 2 5.0790 4.6503
1 Type-1 195.5871 165.3469
Wavelet VET 2 Type-2 227.4257 191.7963
3 Type-1 and 2 209.4389 174.1544
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Table 1 shows the class separability scores at two most discriminatory features,
which are used for 2D visualization, using original time-based features and Wavelet
VET-based ones. Three different experimental training sets(case 1, 2, and 3) are
used according to the existence of type-1, type—2, and both damages. This study
illustrates that Wavelet-based features outperform the original time-based ones in
achieving discrimination between healthy and damaged structures for detecting the
damage of truss structure. In Table 1, for two most discriminatory features'
divergence scores for case 1, the original time-based features result in 5.4999 and
5.4234 whereas Wavelet VET-based ones do 195.5871 and 163.3469. This means
that Wavelet VET-based feature approach is superior to original time—based feature
domain approach in the damaged signal discrimination. Other cases(case2 and 3)
lead similar conclusion.

Figure 3 and 4 represent the two-dimensional visualization of healthy and type-1
damaged structure-generating sample vibration signals using original time—based
features and Wavelet VET-based ones, respectively. Wavelet VET-based features
in Figure 4 are more effective to well separate the two classes compared to
original time-based features in Figure 3. In the case of healthy and type-2
damaged structure-generating vibration signal dataset, the comparison between
Figure 5 and Figure 6 comes up with similar result. Figure 7 and Figure 8 for the
case of dataset consisting of healthy, type—1 and type—-2 damaged structures lead

similar result as well.
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V. Conclusion and Future Research

In this paper a novel feature extraction and selection is carried out in order to
improve the discriminating capability between healthy and damaged structure using
vibration signals. Although many feature extraction and selection algorithms have
been proposed for vibration signals, most proposed approaches don't consider the
discriminating ability of features since they are usually in unsupervised manner. We
proposed a feature extraction and selection algorithm selecting few wavelet
coefficients with higher class discriminating capability for damage detection and
class visualization. We applied divergence as class separability measures to evaluate
the features. Experiments with vibration signals from truss structure demonstrate
that class separabilities are significantly enhanced using our proposed algorithm
compared to one with original time-based features. In the future research, the two
class problem in this paper should be generalized to multi—class problem
considering discriminating the location of damages. In other words, the damage
detection problem should be more sophisticated as the damage localization problem

to find the exact location of damages.
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