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'Input-output methods
"Output only methods
"Wired sensors
"Wireless sensors



Isge sl o)l sl T Jlis 4 g Gl )| (6 pS0jlasl aiejls 5 ol (ome (sosuiy Sy o]
[P V] el Vo S5 905 L

55 e 593 ol 5l Ghomis S 5 eled e s el (59, Sl a3l o5
Sy Gy Sy 0aiS T s 5ei b K (gloaSiis b lad o OS5l (65l Wilg5 oo S wilonis
Twolwgs Sl 5l eolainl b olbul> (6,5 oslail ale o olad )| cwled (6 5051l laSass
G99 ojle (59, » eddiceal S @ 5l e ) YU Sl s b ot b b M55
shsb 5l 5 005 a3 B (6 So3lail ol cpl il b S o o858 02 (6,51 T Ll
.[A—\ ] Qb saiS i ¢ poley Wlg oo oSy (Hle Glomiw jo Jlse slas S oslail gl 2]
&0 s 38065 Lnd Jlezmd gy ooy 5l ooliul (0 3Rle suled e g, S Slsieay
o3l (59 » 8L 2 Jlael (5 [y Vb Jln Gl 2905 L (oo slags pSojlail ongy ()Ll
Ryl G310 e, I L oS 5 0 (o)l peld (ry90 p (S slas pSojluil aies e 1)
SrSoil slp relenidse soba (Y] 658 bz 5 [V poas (Kien Jlaglgicar
sblze oéyde babgy ol Jlocult [IY-1A] conl a8 51 3 osliiul 5590 Jloge 5T 5 ilas)|
sloojl 0550 1o 1) oo illr Vb cul S Gla Klis 5 ool o8 4 (Sils Lo 4 oL
S oo Sbml (g yiws BByt 9 S5

(S ppkd (ry90 la Sl p (e Jloge JIUT SlaSaSS (00 S o pdy (Bib
Sl slweslel (g oy slas pSojlul I et a5 aiS o e 1) olahy, dnmgs &g 00

197 s> 9 @Q)ﬂl Golwooly 4y aalsl jo LJo e @ INCEL g oslaiwl (glo;lu s

'Laser vibrometer
"Image correlation
"Optical flow
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'Full-field

"Blind source separation (BBS)
"Motion magnification technique
"Multi_scale

*Manipulation

*Spatiotemporal

‘Local
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'Weakly-excited mode
"High-speed camera
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'Signal to noise ratio
‘Edge detection
"Wavelet transform
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'Digital image correlation (DIC)
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"Cocktail party
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‘Combination (mixing) system
"Memoryless (instantaneous)
"Convolutive

‘Linear time invariant (LTI)
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Principal component analysis (PCA)

AR



Jve] UVe) Il T - S N I
2 08U b ulph Jleel g (oulul slags 3 (6,50 Jawgi BSS alies ;o Sledlbol 05008
25 SES 4w & Olgi o0 |) BSS alis Jo sla g cnlnl 09800 ()l it laps ;65!
2,5 G\

ple sl @bl o oo p e alopm sl @

gl o JuSew sl 2 sla)lislo ulul p plapn 651 @

oA S s sl P sla)lS Lo b n olap Sl @
Gl ooliinl 550 bvars B ay LS (gl 9y90 » (e Slopi o8l 0,8 (S90S 4 g b

Mt_fc o)L‘;}‘ Q)s.o LJ"‘

Jisusl V=YY
Il (535 U ol 005453 ,5 135 ;5 BSS. slagzy o) s o (5,leT U39 o iseres
Ay Wigd adg plize (S5d b Sl adsl sl UK 51 S5 e s sl ple
Ol 3 el Glagzg 3 a8 somuar col il 55l S Jloel (filass 3l g5 0l 53 Ul

SO FIPV S I PSSV L L R E

'Independence

Yy



PR COWORY-Y N (N G (B
srSone by wladS s o 1) wlie’ Sioal jiams (0,3 laeh oSl 5l oo (glaiws
Folai yiie g0 Lol Bld 4 aijls o o] (ilolaz @ g yo sl S’ Gl (Sl

25k yao bl ol Gl lass jlade ST og aialss aiuaal X, 5 X
logs) Jits (Solai joiiie 55 412 0,8 plaie (09 atanoals 51 1, Pl b cpizeen

28,5 ame |y by il ke 58 Smmanl 5l g3 ca Lol diiend drantl

& S JUSw g ilwlas wigy ~Y-Y-Y

BSS Blus ;o ol nay el Jlsie 5 slojen &j90 99 4 mlie sl LS (g5lulaz S jsbay
glAl gl a ;00 (SS5 0 I gl o0 005 reS 5 3lulazr (lejen jsbas o JuSw Yoons
la JuSw laosls ;o o J1 B3 b 5 2l sl (Lol gla i 51 (S al> o 50,07 JiSas 555

g g0 03 eSS (G Jolre oSG8 4y Ko mlee
Sl oyd (85 S o bgdus Joe oy n @ &S alaei sl Y )0 calinle S)lge 4 azxgi
W31 g0 0aS S 5 s yile e g adgl Sl UK plojen silulax 4 wlie sl p L]
axgi bl )il ol gy o0 sl o mlin 555 (s5luloz galius )0 lapi 551 (p 550 0 5 5

'‘Uncorrelatedness
"Time dependence
"Blind signal extraction (BSE)
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'Independent component analysis (ICA)
‘Un-mixing matrix
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'Higher-order statistics
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Covariance Matrix of Phase
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Abstract

Techniques of health monitoring and assessment of engineering structures by vibrational data
are one of the most common methods for identifying structural damages. The basic accepted
idea for damage detection based on structural dynamic is variations in physical properties such
as mass, damping, and stiffness due to damages that cause the modal properties (natural fre-
quencies, modal ratios and mode shapes) would be detectable. Thus, changes in the modal pa-
rameters of a structure implies the changes of structural health condition, i.e., damage. So, ex-
perimental measurement and determination of dynamic behaviour of structure are very im-
portant. The central technique to describe the dynamic of structures is modal analysis, in which
modal parameters controlling dynamic behaviour of the structure are identified. Digital video
cameras are one of the measuring systems that are welcomed in this regard. Despite numerous
advantages, modal analyses done based on video measurements have created some challenges
due to much dependence on high-contrast markers. On the other hand, wide acceptance of these
techniques reveals the necessity of developing methods that utilize only the video measure-
ments without additional structural surface preparation.

Hence, providing an operational modal analysis algorithm is the goal of this dissertation. This
algorithm doesn't require extra preparation of surface structures by only measured full-field
responses taken from high-speed video camera. In order to achieve this goal, the phase of pixels
of each frame of video are extracted at different spatial scales by a multi-scale decomposition
technique because the local phase indicates the local vibration of structure. Based on extracted
phase for each pixel of each frame, the full-field spatial-time matrix of motion can be formed
in different spatial scales. Given that the calculated response has a much higher spatial dimen-
sion than the modal dimension of the structure, it is required to use dimension reduction tech-
nique. The output of dimension reduction technique is the linear combinations of the modal
responses in which the number of these mixtures is as same as the number of active modes of
structure. So, using output-only algorithms the modal responses can be separated based on the
observed mixtures. In the last step, the frequencies and damping ratios for each mode of struc-
ture are calculated. Also, by applying the magnification technique to each of these responses
and performing the reverse process of video processing, the modes of the structure with high

spatial resolution can be reconstructed.



For verification, the free and random vibration video of two simple and cantilever beams with
given modal parameters was reconstructed in MATLAB software environment. Then the per-
formance of the proposed method was verified by applying the proposed algorithm to the pre-
pared videos and comparing its output with the theoretical values. In addition, in order to eval-
uate the performance of the algorithm in experimental condition, a free and random vibration
videos of an aluminum beam made in a laboratory environment was investigated using a high-
speed camera. Finally, using the developed algorithm, the modal parameters of the aluminum

structure were successfully identified.

Keywords: Operational Modal Analysis, Non-contact Measurement, Video Processing, Com-

plex Steerable Pyramid, Blind Source Separation, Motion Magnification
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