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! Structural Health Monitoring
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2Global

3 Ultrasonic

4 Radiography
SEddy Current
© Acoustic
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2 Fault Detection
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! System Identification

2 Hilbert Transform

3 Empirical Mode Decomposition

4 Parametric Time Frequency Method

5 Time Invariant System

¢ Least Square Method

"Eigen system Realization Algorithm

8 Linear Multi Staged Method

° Prediction Error Method

1 Time Variant System

"' Recursive least Square with variable Forgetting
12Recursive least Square with Constant Trace
3 Wavelet Analysis
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! Liner Parameterized Method
2Extended Kalman Filter Method
3 Genetic Algorithm

4 Structure Identification

5 Parameter Identification

¢ Identification Technique

" Matrix Update Method

8 Neural Network

9 Pattern Recognition

10Kalman Filter
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' Modal Assurance Criteria
2Model Updating
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!Flexible matrix
2Intelligent Parameter Varying Technique
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' Model Based

2 Predictor-Corrector
3 Montecarlo Filter

4 Bayesian Theory

S Wavelet Transform
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! Impulse Response
2 Markov parameters
3 Actuators
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! System Realization Theory

2 Pulse response

’ Hankel matrix

4 Discrete-time state-space model

3 Theories of Controllability and Observability
¢ Eigensystem Realization Algorithm
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2 Proper
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! Controllability in the Discrete-Time Domain
2Time step
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MK, -M"'C,| |[MB,

{ Y, =C, (M_lco)zM_lBu —CSM_IKOM_IBu ] (16)

3) & (10)—>((16) =

Yc4 = Cs ((Cs )TYC2(Bu)TC0)2(Cs )TYC2(Bu)TBu _Cs (Cs )TYC2(BU)TK0(CS )TYC2(BU)TBu —

[iaz(BufKo(CS)*iz=i@(Bu)*co(cs)*Yd(B.,)*co(cS)*iz—Yc4 ] (17)




Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

el e 2 A

15— (17) =
Y,B,)'K,(C,)'Y, =
Y,(B,)'B,(Y,,) Y..(Y,)C (C)'Y,B,) B, (Y, Y.(Y,)C(C)Y,-Y, =

[ Y,B,)'K,(C)'Y,=Y.,(Y,)'Y,-Y, ]<1S>

mxr C C C ‘. rils " ‘ﬁ’ 2 LSLQU“ﬁJSL" “"q"..J"‘: L’
U s €R™ = c3(Yc2)T e =
4 )
Yy € R™=Y,,(B,) — U gis = Ypais Ko Yi_gi (19)
\_ J

Y, eR™=(C)'Y
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

S o ot (29 >

(7) & (8)=
Onxr _
Yc1 = CBC = [Omxn CS] |:M_1B :| — [Ycl = CSM 1Bu ] (20)
(C,) " _
3)— 20 = o3 oo olis |y (Pseudo Inverse) (g)ls 4l Sas Culle ;()Jr
x(B,)"
(C)'Y,B,)" =(C)'CM'B,B,)" = { M =(C)'Y,B,)’ ] (21)

2) = [ M=B_(Y.,)C. ] (22)
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

s Hmns (29 7
b i3l 3 Sopa Yo o S5S5le el e ss (8) 5 (7) sladdal 5l eslinl L

(7) & (8)=

Onxn Inxn Onxr -1 -1
YCZ — CACBC — [Oan CS] _M—IK _M—IC M—IB — Yc2 — _(CSM )CO(M Bu) (23)
0 0 u

)& 21— ((23) =

-—(C,(C)'Y,B,)")C,((C)Y,(B,)'B,) = [if—ll(Bu)*co(q)*Ycl] (24)

(Yl)TX(24)X(Y1)T (Yl)Jr 2( 1)T__(Y1)T 1(B)C(C )TY1( 1)Jr

{(YJT 2( 1)T__(B ) C (C) ] (25)

B, xX(25)xC, =

B,(Y,)'Y,,(Y,)'C,=-B,(B,)'C,(C,)'C, = [Co=—Bu< >Y2(Y1>CJ 6)
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

S o ot (29 >

e €l 5 Sy Yo s BS5le bl s (8) 5 (7) (slaasly 3l sl |

0] I ‘T o
(7) & (8) = Yc3 = CAcch = [Oan Cs] r_1>1<n nfil —r11><r
MK, -M'C,| |M'B,

[ CM'KM'B,=CM'CM'CM'B,-Y, ] (27)

B&2)—>27) =
C,(C)'Y, (B,)'K,(C)'Y, (B,)'B,
=C,(C,))"Y, (B,)'C,(C,)"Y, (B,)'C,(C)'Y,,(B,)'B,-Y,, =

[Yd(Bu)*Ko(cs)*Yd=Yd(Bu)*co(cs)*Yd(Bu)*co(cs)TYCl—ch ] (28)
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

(26) > (28) =
Ycl(Bu)TKO(Cs)TYcl =

S o ot (29 >

Y.,(B,)"B, (Y)Y, (Y,)'C,(C)"Y,,(B,)'B,(Y,) Y.,(X,)'C,(C)'Y,, - Y., =

Ycl(Bu)TKO(CV)TYcl — Ycl(Ycl)TYCZ(YCI)TYcl(Ycl)TYc2(Ycl)TYcl _Yc3 —

oY

[ Ycl(]gu)TI<0(Cs)T?cl :YCZ(YCI)TYC2 _Yc3 J (29)

Uk—vel < Rmxr — AcZ(?cl)T?CZ _Yc3
YB—Vel < Rmxn = Ycl(Bu)T :
YI—Vel < Rnxr — (CS)TYCI

Ebls anlys 25 gl Slo it

U

k—vel

~
=Y,

B—VelKOYI (30)

—vel
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

g,;l.“.ui» W@;g

(7) & (8)=
Y,=D=CM B, = [ Y,=CM B, ] (31)
(C,) " _
3)—=(3) = o3 oo olis |y (Pseudo Inverse) (g)ls 4l Sas Culle ;()Jr
x(B,) "
(C)'Y,B,)"=(C)'CM'B,B,)" = { M =(C)'Y,B,)’ ] (32)

(32) = [ M=B_(Y,)C. ] (33)
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

“:’w :W'“ - L;.’JJ:’
TYSIPONPE W RUITI TR Md@bpb\g ool (8) 5 (7) sbadal, 5l eslesl b

(7) &(8)=

0
Y, =CB, =[-CM 'K, -CM'C,] {M‘;X]; }: [Yc1 :—(CSM‘l)CO(M‘lBu)] (34)

3)&(32)—>34) =

Y, =—(C,(C)"Y,,(B,))C,((C)'Y,,(B,)'B,) = [Ycl:—Aco(Bu)TCO(CS)TYcoJ (35)

(Y0) ' XBH%X(Y,) = (Y)Y, (Y)) ==(Y.0) Y.0(B,)Co(C) Y, (Y. =

{(faoﬁixioﬁ=—<Bu>*co<cs>*] (36)

B, x3B6)xC_ =

B,(Y,,)'Y, (Y, C =-B,(B,)'C,(C)'C, = [ C, =—Bu<?co>*?cl<io>*cs] (37)

16




Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

L e (29 >

g e 3l 5 Oygar Yoo o S5S5ke sl aess (8) 5 (7) laakasl, 5l esleal b

O I O
M&®= Y,=CAB =[-CM'K, -CM'C,]| = o || o
-M'K, -M’C, | M'B,

[ CM'KM'B,=CM'CM'CM'B,-Y, ] (38)

3) & (32) > (38) =

C,(C)'Y,,(B,)'K,(C,) Y, (B, B, =
C.(C)'Y,,(B,)'C,(C)'Y,,(B,)C,(C)'Y,B,)'B,-Y, =

[Yw(Bu)*Ko(quo=Yw(Bu)*cf,(cs)*s?co(B.,)*c0<cs>*fco—Ycz J (39)

17




Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

37)—>39) =

Lt (29 >
YcO(Bu)TKO(Cs)TYCO =

ACO(Bu)TBu (YCO)TYCI(?CO)TCS (CS)T?CO(BH)TBU (YCO)T?CI(YCO)TCS (CS)TYCO _Yc2 —

YcO(Bu)TKO(Cs)TYco — YCO(?CO)TYCI(YCO)TYCO(YCO)TYCI(YCO)TYCO _?02 —

[ ?co(Bu)TKo(Cs)TYco :Ycl(?cO)T?cl _?02 J (40)

Ebls anlys 25 gl Slo it

Uk—acc < Rmxr — Acl(YCO)TYcl _Yc2
4 )
Y .o € R™" = YcO(Bu)T — Uk—acc — YB—achOYI—acc (41)
A _ y
YI—acc < Rnxr — (CS)TYCO
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

SO S IO FCON Y P B CS-Sp8 FOUIS P8

8 I LgxfajL.G‘ s =9 >

.

oL s s
M — Bu?COTCs M = BchlTCs

Co — _Bcho TYccho TCS
U =Y, . K,Y,

k—acc B-acc I-acc k—vel B—vel I—vel
Uk—acc _ cl(YcO) Ycl _Yc2 Uk—vel - c2(Ycl) YcZ _Yc3

YB—acc — ACO(Bu)T
YI—acc — (CS)T?CO

Co — _BchlTYcz?clTCs
U

=Y, K,Y,

YB—Vel — Ycl (Bu ) f

YI—Vel = (Cs ) ' ?cl

el

A

M=BY,'C

u-c2

ra

Co = _Bu?cz TYchcz TCs
Ui = Yaais Ko Yo

Uk—dis — c3(Yc2)TYc3 _Yc4

Yg_gis = Acz(Bu)T
Y g = (Cs )TYcz
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Damage Detection: DDA/ISMP

it o lulid s B35k 5yl )b (bl ol (oLl () S

U, = Y,K,Y,

(Uk e R™ Y, e R™ Y, e Rnxr) (42)

S SO Dogar S wSle S (gosk sad pua sl sl (42) daly ¢ K€ R™ e esle oo sl

. & LB nz’ B o
Pyssr AL K e RY et (P

[ Ak, =h, ] (43)

ol s &S
g A eR™ =Y, ®Y," A
kOEanz{kn ook, kg e kg e ] ke knn}T (44)
\thRm:{hn hlr | h21 h2r | | hml hmr}Tj

.(Kronecker product) J/fj 9S oo See  ®
Sl Ky a5l 51 (7,7) ols b Jbles 1k,

Lol Uy sl 3l (7,7) wls b JbLes th,
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Damage Detection: DDA/ISMP

2 (oLl nr B 5S5Le (5 Syl elol ol (plulis o, S

:A:;‘;SA S YIT WJSLo saalys s Y, WJSLO sbaalys J.oim sbo s r\.& 3 Ak ool o WJSLo

- - N

YB(I,I)YIT YB(1,2)YIT o YB(l,n)YIT
Y, YV Y, Y Y, Y

A =Y, @Y, = tert e et (45)
Y, Y'Y Y' Y, Y'

\ | By B(m.2) B(m.n _/

sl sbalys s 6l (Minimum norm least-squares method) oz (’J; Ol e P8l gy 4 (43) dolas >

sbalys 5| an (Sparsity) s sie 5 (Symmetric) (W8 4 by e sl Shy gen 2l GG Ol (S
byi Sogar Ll i oSl Glawlis Sl sl g3 Sho 4 by e DML 1L a8 S bk 50 ) (e w5l
L blie slaggn Bl pizmen 5 K olan o el Bis b ol 5118 ol pd a8 3 L s 3Lol gland

el s sl AL el 3 ol
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Damage Detection: DDA/ISMP

2 (oLl nr B 5S5Le (5 Syl elol ol (plulis o, S

ol 53 sl et rT J &bl s 4 {‘z i3l s St s Shes b St oz sl Jae s
sl Gl Ll 720" =3n42 Uyl Kypmib sio sbals shas ST cul k, =0 &ppm
23 S Ay il 5l pbose Bl b prigen a5dp0 Jols K" € R Sl (i sy 5o ko
(43) daly 4 5 e Sy A" € R™CT 5l 05 5 0y s sy sio slaals

5500 2 Mol 5 S

[Ak‘“ K," =h, ] (46)

5wl sle IS ot e sle slaalys 51K Ln el oo Sy (46) dslas Jo 51 53l JS e S 5le slaalys
bt Slbs e sl sbaalys Kos Oyl a4 acnl (ols a3l amps g o saS Jate Dlid s
S o (s S s 53 RIS 3 g5 0l @b Ll gl adlpe s b 55 sl s )
ol S (46) Dol J> 5 saal Co 220 51 s salizal by ol (59, Iimn g o3l slaai
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

Jo 5l ol ol 5 il 51 SO e s 0l B ad el (ime Joad Gl SO USis ool 185 s
0‘336“ |, kOmJ‘JJ:’ uﬁ\j\.u RaI Q\.L.lo u.“éwj‘ Ls"".’b (e wJSLn 6L‘°4ﬁ‘J° 5 g.i.“a,:o ;;C\J:Jw‘ (46) dslae

13 Jrﬁ.ﬁ.}'xj Oy oo

[ k," =T k,* ] (47)

O‘J.bé\g

(kpem=( & k- k)] @9

Ll aib WT [0l s b bl 1k,

.\JGA Cs o ULw (S WJSLO S b LSLQ‘*:’“JJ kOXJ‘aJ:, 3 uT O 2 L: S ol &J.J LJ"":’.JS\A g_iﬁ :Tf c R(3n—2)xn
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Damage Detection: DDA/ISMP

ot Ll nw B 5S5Le (5 Syl bl ol (plulis o, S

iln Cows 4 5 sl 5L T e le 51 (7,) wls T/

4 )
ok " (i=1,2,3,---,3n-2)
T/ =200
7 ok, (j=1,2,3,,n) (49)
\_ J

12l wnly> (46) abyl; 55 (47) daly I b ocod Kyl s u*"}‘l ik bl ko

[ AT k)" =h, J (50)

1> g oo do o kOXJ‘:J.; (50) dsles Ol 0 JB\J.} ozt J.> 9 shesleal b

[koX =(A," Tf)Thk] (51)

J.);GA @qu °JL‘*’ 6\&@ ru G“Jb u.:.z.» (51) @‘J J‘ kOX J‘Jﬁ u:.:.x: Ls
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Damage Detection: DDA/ISMP

2 (oLl nr B 5S5Le (5 Syl elol ol (plulis o, S

6\.&:5\4 9 4.1‘)1_) co_}\.w e @Uj.la JJiLo.C J.:.A:‘?_)‘ u.a.h.zn Jﬁ‘j—c _)‘ LS":L J..a‘jsu.n b_)Lw BE bMTD).?j L 6\&9.:..;‘/&-9_)3
J.:;‘LS.A C;«.w.).:’ JJ“_} 4@‘_} _}‘ WT_)‘.\.S.A 4.?%:3_)5 .JD;GA @\.wu ¢ kox é@)‘bﬁ

4 )
K*_K*
‘XIOO (52)
0

0 d
- J

AK* (%) = ‘

(r‘\.w o_}‘.w) R Lﬁl‘“u 4“...13‘ LS':M :kﬂx

(“?3.‘:"“ bJL.a) LEVR ‘7“.."‘*".":;""“’“‘ :kdX

2350 sl sl by sl s ol 85 5 08 luda (52) dal, 5l sslial U
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Damage Detection: DDA/ISMP

2 (oLl nr B 5S5Le (5 Syl elol ol (plulis o, S

O oS mn e b W5 a5 s s Jolt st Lt sl sl DDA/ISMP g s
SUSE b pLalis ghile ol by 5yl BLol s plals s BS5l slomabl 5 b Ss
el in e 33 slls DDA/ISMP 3y s ol & 5,055 s (555

shiss b Slad i oplnly adlie (g9 g dSe ploll gx o) Gl ol s S a4 (g3
ol el 8 oS a5 o S 51 (53 p0ms

laebly 5 5500 aid SO L bLis slapSa 53 biSime 5 b S 4o bl 30l o 5k olols

ol gzl BB gl i 53 oo il G (Sl i by 20,8 00 (2 lolis o sl
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