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Motivations

Ageing structures and infrastructures need to be monitored, but the installation of 

conventional sensors is often costly or unfeasible because of accessibility issues. 

 Validation of through small-scale laboratory tests characterized by known 

frequencies

 Application to mid-scale laboratory test to retrieve evolving frequencies of a 

masonry wall subjected to induced seismic damage

 On-site Monitoring of the dynamic response of an elevated water tank in Rome

Outline of the presentation

UNIVERSITA’ ROMA TRE

DIPARTIMENTO DI INGEGNERIAwww.romatrestrutture.eu



UNIVERSITA’ ROMA TRE

DIPARTIMENTO DI INGEGNERIAwww.romatrestrutture.eu



Methodology
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Validation

5

Time histories of the intensity of the selected pixels 

3 Hz 10 Hz
ROI – Intensity variation

ROI – Motion tracking
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a) original frame, b) entropy map, c) grey-scaled frame 

and ROI, and d) monitored pixels in the motion tracking 

analysis. 



Validation

Uncorrelated time-histories

3 Hz 10 Hz

Selected time histories (Cmin ≥ 0.8)

3 Hz 10 Hz

Principal Component Analysis results

3 Hz 10 Hz

Detected frequencies
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Validation
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Application to laboratory tests

Intensity

variation ROI

Entropy

map

Selected pixels 

for motion

tracking

i-th frame

1)     RANDOM: Video recorded during the 0.05 g white noise test

2)     NOISE: Video recorded with the table on but not moving
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Application to laboratory tests

Measured
RANDOM NOISE

Intensity Motion Intensity Motion

6,64 Hz 6,58 Hz 0,84% 6,58 Hz 0,84% 6,52 Hz 1,75% 6,52 Hz 1,75%

NOISE VIDEO

Non magnified Magnified
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WN RANDOM VIDEO
Intensity Motion 

tracking



Application to laboratory tests

Cmin = 0.8 Cmin = 0.9

Cmin = 0.95 Cmin = 0.99
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Normalized power spectrum obtained adopting a correlation coefficient equal to a) 0.8, b) 0.9, c) 0.95 and d) 0.99. 



Application to laboratory tests

ROI 1 ROI 2

ROI 3 ROI 4
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Normalized power spectrum varying the position of the ROI 

(a,b,c,d) 



Application to laboratory tests
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Normalized power spectrum varying the dimension of the ROI 

(a,b,c,d) 



On field application

(a)

(b)

(c)

4 peripheral beams having 2.2 

m x 0.65 m cross section

Brick covering 5 cm thick

Columns are 16.0 m high

The tank is 9.3 m high and 

has 8.3 m diameter

Tank thickness 0.3 m

xy
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Nuvola sparsa di punti

Photogrammetric survey
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On field application

fmin [Hz] 5.8

fmax[Hz] 7

Definition of the SDOF system

 Mass properties

 Stiffness

 Incomplete information on geometry

 Incomplete information on the 

mechanical properties

 Incomplete information on boundary 

conditions

Numerical model

 Columns BEAM 

 Tank walls WALL

 Bottom PLATE

 Central support WALL

 Tank-to-columns constraint. RIGID LINK

ANALYTICAL PREDICTIONS

ftors [Hz] 4.6

fx,y[Hz] 5.2

NUMERICAL PREDICTIONS
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Dynamic identification through OMA 
(Operational Modal Analysis)

Computation of the FFT (Fast 

Fourier Transform)  and the PSD 

(Power Spectral Density)

On-field application
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Acquisition on 11/02 alle 15:43 X direction Y directionAcquisition on 11/02 alle 15:43

Acquisition on 16/02 at 14:53
X Direction

Y DirectionAcquisition on 16/02 at 14:53
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On field application

(a)

(b)

(c)



On-site application

(a)

(b)

(c)

 Photogrammetric survey

 Materials

 Analytical determination of dynamic properties

 FEM model and modal analysis

 Accelerometric measurements processing

 Video processing

xy
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Video processing stages: sample frame (a), entropy map 

(b) and selected pixels for motion tracking 



On field application
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Current

applications
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Conclusions

& Ongoing developments

 A computer-vision-based method is used to detect the natural frequencies of existing

structures

 The approach makes use of a motion magnification alghoritm for improving accuracy, given

the small amplitude of the oscillations caused by environmental noise.

 The approach is under validation by means of laboratory tests under controlled conditions and 

comparison with OMA for real scale structures under environmental vibrations.

 The identification of the Mode Shapes through the application of the proposed methodology

combined with Motion Magnification algorithm and video processing techniques.

 The application and calibration of the proposed methodology for the structural Identification

of bridges.

 The structural identification through videos recorded by drones
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