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ABSTRACT 
 

Operational modal analysis (OMA) is frequently employed in structural health monitoring (SHM) for obtaining 

information on the dynamic properties, e.g. natural frequencies and mode shapes, of monitored structures. To 

extract accurate estimates of mode shapes, absolute synchronization between sets of acceleration response data 

collected from the monitored structure is required. Discrepancies between data sets typically occur in wireless 

SHM systems, where the synchronization of wireless sensor nodes is not intrinsically managed by a centralized 

server. Moreover, in cable-based SHM systems, if more than one data acquisition unit is used, absolute 

synchronization between sets of acceleration response data is not guaranteed. This paper presents a method for 

detecting and accommodating synchronization-induced errors in OMA. While several synchronization schemas 

propose the offline removal of time lags between sets of acceleration response data at the output stage of OMA, 

the synchronization method presented here performs the detection and accommodation of the time lags at an 

intermediate stage of OMA. Time lags are detected using estimates of the (expected) mode shapes of the 

monitored structure to define the relationship between the phase angles of different sets of acceleration response 

data at modal peaks of the respective Fourier spectra. The synchronization method is validated through field tests 

on a pedestrian overpass bridge, showcasing the ability of the method to yield accurate estimates of mode 

shapes. 

 

Keywords: Structural health monitoring; ambient vibrations; pedestrian bridges; operational modal analysis; 

dynamic response 

 

 

1. INTRODUCTION 
 

System identification in structural health monitoring (SHM) is associated with obtaining estimates of 

structural properties. Several system identification methods employed in SHM focus on extracting 

information on the structural dynamic properties of monitored structures, such as experimental modal 

analysis methods for estimating natural frequencies and mode shapes (Dragos and Smarsly, 2016a). In 

experimental modal analysis tests, early approaches have suggested artificially exciting the structure 

and identifying the structural dynamic properties based on the relationship between the input (load) 

and the output (structural response data) of the tests. However, as the artificial excitation of full-scale 

structures has proven to be cumbersome and expensive, research has been increasingly focused on 

developing “output-only” methods for identifying structural dynamic properties (Cunha et al., 2005). 

Termed “operational modal analysis” (OMA), as structures are analyzed under operational conditions 

without any artificial excitation, the category of output-only methods has been increasingly adopted in 

SHM, owing to the low implementation cost and the negligible disturbance in the operation of the 

structures (Zhang et al., 2005). 
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OMA methods for extracting natural frequencies and mode shapes are applied either directly to the 

raw structural response data (time domain methods) or after transforming the structural response data 

into the frequency domain via the Fourier transform (frequency domain methods). While natural 

frequencies are detected from the frequency components in the structural response data that 

correspond to resonant response (modal frequency components), mode shapes are extracted from the 

phase relationship between the modal frequency components. Therefore, to extract accurate estimates 

of mode shapes, the structural response data sets collected from the monitored structure must be 

synchronized (Krishnamutry et al., 2008). Although synchronization problems typically affect wireless 

SHM systems (Rainieri and Fabbrocino, 2014), whose decentralized nature renders an inherent global 

clock synchronization impossible, cable-based SHM systems may also be prone to synchronization-

induced errors, particularly if more than one data acquisition units are used. To ensure the highest 

possible quality in mode shapes extracted through OMA methods, synchronization-induced errors 

need to be detected and appropriately accommodated.  

Synchronization schemas for wireless sensor networks have primarily been studied in the field of 

computer science. Reviews on clock synchronization schemas based, e.g., on clock offset or on clock 

drifting, have been reported by Youn (2013) and Sundararaman et al. (2005). Other approaches are 

based on incorporating GPS transceivers into wireless sensor nodes (Bojko et al., 2009) and on 

transmitting “beacon” signals for establishing a global network time (Severino et al., 2010). With 

respect to cable-based systems with multiple data acquisition units, most research approaches focus on 

incorporating GPS transceivers into the data acquisition units (Peeters, 2011; Magalhães et al., 2006). 

Even though GPS technology serves as an attractive solution to synchronization problems, using GPS 

transceivers has been proven power-consuming and error-prone in cases of unfavorable weather 

conditions or poor satellite coverage (Wang and Xu, 2010). Finally, approaches towards the offline 

removal of synchronization-induced errors at the outcome stage of OMA have also been reported 

(Maes et al., 2016; Brincker and Brandt, 2011). 

This paper presents a synchronization method for detecting and accommodating synchronization-

induced errors at an intermediate stage of OMA. The synchronization method is based on the 

relationship between the phases of modal frequency components from different structural response 

data sets, which are either positively or negatively correlated. By imposing this correlation as a 

necessary condition, time lags between the structural response data sets are detected and 

accommodated. The synchronization method proposed in this paper is verified through laboratory tests 

on a shear frame structure and validated through field tests on a pedestrian bridge. 

In the first section of this paper, the mathematical background is presented, providing details on the 

correlation condition between the structural response data sets and on the time lag detection process. 

Next, the laboratory tests are described, followed by the validation field tests on the pedestrian bridge. 

The paper concludes with a summary and an outlook on future research. 

 

2. A METHOD FOR DETECTING AND ACCOMMODATING 

SYNCHRONIZATION-INDUCED ERRORS IN OMA 
 

In this section, the method towards the detection and accommodation of synchronization-induced 

errors in OMA is described. First, the mathematical background on detecting time lags through the 

phase difference between acceleration response data sets is presented, and, next, the steps of the 

synchronization method are illuminated. 

 

2.1 Detection of time lags between two acceleration response data sets 

 

For the sake of simplicity, a single-degree-of-freedom oscillator, instrumented with two data 

acquisition units, is considered. Assuming sinusoidal excitation of the oscillator, the two acceleration 

response data sets collected by the two units, unit d1 and unit d2, are 

 

     ktkttYty ,Δsin 111   (1) 
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In Equations 1 and 2, y represents the acceleration response data, Y is the maximum acceleration value 

for each acceleration response data set, θ is the phase angle, and ω is the natural frequency of the 

oscillator. If there is no time delay between set y1 and set y2, θ1 is equal to θ2. However, if there is time 

delay between set y1 and set y2, the time lag τ (Figure 1) is obtained by the difference in the phase 

angles, as shown below: 
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Figure 1: Time lag between two sets of acceleration response data. 

 

From Equations 3 and 4, it is evident that the phase angles of the acceleration response data sets, 

which are calculated via the fast Fourier transform, are required for obtaining the time lag τ: 
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In Equation 5, y is the N-point acceleration response data set transformed into an N-point complex 

discrete Fourier series X. The natural frequency of the mth element in the Fourier series is depicted as 

ω, and Δt is the time step at which the acceleration data set is sampled. Drawing from the theory of 

signal processing, an estimate of the phase angle φ of the mth frequency component in the Fourier 

series may be derived from the argument of Xm: 
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Equation 6 yields values that lie within the interval [0, 2π), which, when applying Equation 4, result in 

a maximum time lag detectable in a straightforward manner: 
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In Equation 7, T is the natural period of the oscillator. To enable the detection of time lags longer than 

T, the trigonometrical solution of Equation 6 is generalized as follows: 
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In Equation 8, ζ is the phase angle derived from the general trigonometric solution. By extending 

Equation 7 accordingly, the generalized expression for estimating the time lag between two sets of 

acceleration response data is: 
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The time lag detection, as shown in Equation 9, is used as a basis for the synchronization method, 

which is described in the next subsection. 

 

2.2 Description of the synchronization method 

 

The time lag detection described previously is based on the assumption that for absolute 

synchronization between two acceleration response data sets no phase differences are observed. This 

assumption is valid for the example considered in the previous subsection, where both data sets are 

obtained from the same single degree of freedom (DOF) of the oscillator. However, in practice, for 

acceleration response data sets obtained from different degrees of freedom of a multi-DOF structure, 

the expected phase differences may differ from zero and are estimated by the mode shapes. More 

specifically, considering the frequency components of vibration mode r from two degrees of freedom i 

and j, the expected phase difference depends on the correlation ρ between the frequency components, 

which, as shown in Dragos and Smarsly (2016b), is either positive or negative. As a result, the 

expected phase difference between DOF i and DOF j is: 
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Moreover, as the dynamic behavior of multi-DOF systems is described by the superposition of 

vibration modes, the vibration mode for applying Equations 9 and 10 needs to be selected. This 

selection is based on the degree of participation of each vibration mode in the structural response; for 

conventional civil engineering structures, the first (fundamental) vibration mode (i.e. the mode with 

the lowest natural frequency) is dominant. Furthermore, as integer a in Equation 9 is generally 

unknown, an additional condition is necessary, which is formulated by imposing the expected phase 

differences of a set of h vibration modes higher than the fundamental mode and by obtaining a through 

trial and error. Hence, by considering p degrees of freedom, and by setting the acceleration response 

data set of one DOF as reference, with respect to which the acceleration response data sets of the other 

degrees of freedom are synchronized, Equation 9 is extended to the “phase shift condition”, shown in 

Equation 11. 
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In Equation 11, τ is the vector holding the time lags between the acceleration response data sets of      

p – 1 degrees of freedom and the acceleration response data set of the reference DOF (“reference data 

set”), a is the vector holding the p – 1 integers a for applying Equation 9 for each DOF, and φ1 is the 

vector holding the estimates of the phase angles from the p – 1 data sets derived from Equation 6. The 

estimate of the phase angle for the reference data set is denoted as φr1, and ω1 and T1 are the 

fundamental natural frequency and the corresponding period, respectively. The h-sized vector δ 
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represents the estimates of the phase angles of the reference data set for the h higher vibration modes, 

and φ is the h-sized vector with the corresponding phase angles from the rest of the acceleration 

response data sets. Finally, θ is the h-sized vector of the expected phase differences between the 

reference data set and the rest of the acceleration response data sets for the h higher modes, calculated 

from Equation 10. 

The phase shift condition, shown in Equation 11, forms the basis of the synchronization method. From 

Equation 11, it is evident that knowledge on the expected phase differences between the reference data 

set and the rest of the acceleration response data sets is required. This knowledge may be derived 

either from numerical analysis or from engineering judgment. Hence, the synchronization method is 

divided into two parts, (i) preliminary analysis, and (ii) main analysis, depending on whether 

knowledge on the expected phase differences exists or needs to be obtained. The steps of each part are 

described below. A detailed description of the synchronization method can be found in Dragos et al. 

(2017). 

 

Preliminary analysis: 

• An initial estimate of the h + 1 vibration modes (natural frequencies and mode shapes) used 

for the synchronization method is obtained either from numerical analysis or from engineering 

judgment. 

• The initial estimate of the h + 1 vibration modes is updated by collecting a preliminary set of 

acceleration response data from the monitored structure. 

• Vector θ is calculated. 

 

Main analysis: 

• Acceleration response data sets are collected from all p degrees of freedom and transformed 

into the frequency domain. 

• Vectors φ1, φ, and δ and parameter φr1 are calculated from Equation 6. 

• The phase shift condition (Equation 11) is applied, and vector τ is obtained. 

• The acceleration response data sets are shifted according to vector τ. 

• Mode shapes are extracted by applying any OMA method to the synchronized data sets. 

 

3. VERIFICATION OF THE SYNCHRONIZATION METHOD 

THROUGH LABORATORY TESTS 
 

The synchronization method is verified through laboratory tests on a shear frame structure with known 

structural dynamic properties. This section first presents the laboratory structure and the experimental 

setup, then describes the laboratory tests, and concludes with a discussion on the results. 

 

3.1 Experimental setup 

 

The structure used for the laboratory tests is a four-story shear frame structure, as illustrated in Figure 

2. Each story consists of a rectangular 300 mm × 200 mm aluminum plate, resting on four aluminum 

columns with rectangular cross sections of dimensions 20 mm × 2 mm. The longer sides of the column 

cross sections are aligned with the shorter sides of the aluminum plates. The columns are fixed at their 

base into a solid wooden block ensuring quasi-clamped restraint conditions. Each story has a vertical 

clearance of 300 mm, and the plate-to-column connections are considered fully-fixed. The structure is 

instrumented with a wireless SHM system without global clock management. One wireless sensor 

node is placed at the center of each story, and the accelerometer embedded into each sensor node 

samples acceleration response data at 125 Hz. The experimental setup is illustrated in Figure 2.  
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Figure 2: Experimental setup of the laboratory tests with the shear frame structure and the wireless sensor nodes. 

 

3.2 Description of the tests 

 

The sensor nodes are assigned to start sampling once an acceleration threshold of 0.1 g is exceeded. 

The synchronization discrepancies between the sensor nodes are caused by non-simultaneous 

triggering of the sensor nodes. The sequence of sensor node triggering depends on the load profile 

used for inducing the excitation. To demonstrate the applicability of the proposed synchronization 

method under any excitation conditions, two tests are performed with different excitation 

characteristics. In the first test, the excitation is induced by deflecting the top (fourth) story of the 

structure, while, in the second test, the structure is excited by deflecting the second story. The 

excitation in both tests is applied along the weak direction of the column cross section, i.e. along the 

long side of the plates (300 mm). Each acceleration response data set has a length of 2048 points. The 

number of higher modes for applying the phase shift condition is set to h = 3, and integer a is set equal 

to 4. In both tests, the acceleration response data set of the first story is set as reference data set. The 

mode shapes are extracted by applying frequency domain decomposition (Brincker and Zhang, 2011). 

The expected phase differences are derived from preliminary tests conducted on the same structure 

combined with numerical analysis. For the numerical analysis, the material elastic modulus of the 

aluminum alloy is set to E = 70 GPa, and the material density is set to ρ = 2700 kg/m3. The results 

from applying the proposed synchronization method (normalized to the fourth story) are summarized 

in Table 1. 

 
Table 1. Mode shapes extracted from both tests. 

Mode number Story 
Unsynchronized Synchronized 

Expected 
Test 1 Test 2 Test 1 Test 2 

Mode 1 

(f = 1.53 Hz) 

1 0.40744 0.37693 0.40341 0.41329 0.33304 

2 0.63814 0.69567 0.69074 0.69768 0.62711 

3 0.91011 0.91435 0.90128 0.90797 0.87102 

4 1.00000 1.00000 1.00000 1.00000 1.00000 

Mode 2 

(f = 4.56 Hz) 

1 -1.54740 -1.17636 -1.09193 -1.12662 -0.95982 

2 -1.61336 -0.25359 -0.90393 -0.91837 -1.01801 

3 0.17120 0.13005 0.12005 0.12344 -0.01908 

4 1.00000 1.00000 1.00000 1.00000 1.00000 

Mode 3 

(f = 7.03 Hz) 

1 1.61592 -1.42893 1.42631 1.50650 1.38269 

2 0.49131 -0.12835 -0.75769 -0.85965 -0.31963 

3 -1.25099 -0.94049 -1.05518 -1.05001 -1.41754 

4 1.00000 1.00000 1.00000 1.00000 1.00000 

Mode 4 

(f = 8.79 Hz) 

1 -0.93920 1.01634 -1.12484 -1.04207 -2.58456 

2 -2.10314 1.76841 2.02351 1.98449 3.44320 

3 -2.37875 -2.76001 -2.25570 -2.20269 -2.60982 

4 1.00000 1.00000 1.00000 1.00000 1.00000 
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For comparing the mode shapes before and after applying the synchronization method, the modal 

assurance criterion (MAC) value, which expresses the relationship between two modal vectors 

(Allemang, 1980), is used, as shown in Equation 12. 
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In Equation 12, ψ expresses the vector of mode s and mode q, respectively. A MAC value close to 

unity shows consistent correspondence between the two modal vectors, whereas a MAC value close to 

zero indicates no correspondence. By progressively assigning the vectors of the expected mode shapes 

to ψq (q = 1, 2, 3, 4) and the vectors of the mode shapes extracted from the two tests to ψs (s = 1, 2, 3, 

4), two sets of 4×4 matrices of MAC values (MAC matrices) are obtained. For illustrative purposes, 

the MAC matrices of test 2 before and after applying the synchronization method are plotted in Figure 

3. 

 

 
Figure 3: MAC matrices of test 2 before and after applying the synchronization method. 

 

In the MAC matrices, strong correspondence between the modal vectors is expected for s = q, which is 

expressed by MAC values being close to unity along the diagonals of the matrices, thus indicating that 

the mode shape extracted from test 2 is similar to the corresponding expected mode shape. No 

correspondence is expected for s ≠ q, characterized by non-diagonal values of the matrices being close 

to zero. From Figure 3, it is evident that before applying the synchronization method there are 

significant deviations from unity for the diagonal values of the MAC matrix as well as several 

deviations from zero for the non-diagonal values. Furthermore, after applying the synchronization 

method, both the unity values along the diagonal and the zero non-diagonal values are restored. 

Finally, the stronger effects observed at higher modes, as compared to the effects of the first two 

modes, are attributed to the flexibility of the structure; the time lags between the sensor nodes are in 

the order of some tens of milliseconds and, therefore, considerably lower than the periods of the first 

two modes (T1 = 0.65 s, T2 = 0.22 s), thus not affecting noticeably the respective mode shapes.  

Figure 4 illustrates the plots of the mode shapes before and after applying the synchronization method 

in test 2. In accordance with the MAC matrices shown in Figure 3, the effect of the synchronization 

discrepancies on the shapes of modes 3 and 4 is clearly stronger than the respective effect on modes 1 

and 2. The field tests to validate the applicability of the synchronization method with data from real 

structures are presented in the next section. 
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Figure 4: Mode shapes extracted from test 2 before and after applying the synchronization method. 

 

4. APPLICATION OF THE SYNCHRONIZATION METHOD IN FIELD 

TESTS ON A PEDESTRIAN BRIDGE 
 

For validating the applicability of the synchronization method using acceleration response data from a 

real structure, a field test is conducted on a pedestrian overpass bridge in Greece. First, the pedestrian 

bridge and the instrumentation are presented. Next, the test is described followed by the discussion of 

the results. 

 

4.1 Description of the pedestrian bridge and of the instrumentation 

 

The pedestrian overpass bridge used for the field test facilitates pedestrian traffic over the Inner Ring 

Road of Thessaloniki, Greece at the municipality of Evosmos (Figure 5). The bridge comprises a 

40.80 m long by 5.35 m wide deck, which is supported by two steel girders one at each longitudinal 

side of the deck. Each girder rests on two reinforced concrete columns with circular sections of 800 

mm diameter. The deck is composed of a corrugated steel trough filled with concrete. The girder-to-

column connections are achieved through spherical base isolation bearings, which act as load 

interfaces. Moreover, 20 equidistant beams and 10 X-braces, all fixed to the girders, add to the deck 

stiffness in the transverse direction. Finally, complementary vertical support to the deck is provided by 

two skewed arches, each suspended via 16 twisted strand cables from one girder. 

 

   
 

Figure 5: (left) Panoramic view of the pedestrian bridge and (right) view of the support system of the bridge. 

 

Two cable-based SHM systems are installed on the bridge deck, each having a separate data 

acquisition unit, shown in Figure 6. Each SHM system consists of two accelerometers measuring in 

the direction vertical to the bridge deck. The accelerometers, labeled A, B, C and D, are placed at 

Mode 1 Mode 2

Unsynchronized Synchronized Expected

Mode 3 Mode 4
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distances equal to 1/5 of the total length of the bridge deck, i.e. at 8.16 m intervals. The data 

acquisition units are placed at the center of the deck, each data acquisition unit being interfaced with 

separate software, thus resulting in non-synchronized operation between the SHM systems. Since no 

prior knowledge on the dynamic properties of the bridge is available, preliminary analysis is required. 

Therefore the field test is conducted in two steps, step 1 being the preliminary analysis and step 2 

being the main analysis. 

 

 
Figure 6: Plan view of the bridge and instrumentation layout. 

 

4.2 Step 1: Preliminary analysis 

 

Using information from structural drawings of the bridge and from on-site inspection, a finite element 

model of the bridge is formulated, which is shown in Figure 7. The finite element modeling of the 

bridge is restricted to the deck, neglecting the two stairways at each end of the deck, which are not 

monolithically connected to the rest of the structure. The finite element model consists of beam 

elements used to model the girders, the beams, the arches, and the X-braces. In addition, cable 

elements represent the suspension cables of the arches. The deck stiffness is incorporated via 

modification factors to the bending stiffness of the girders and of the beams, and the girder-to-column 

partial fixity connections (due to the bearings) is approximated. The elasticity modulus of the steel 

structural elements is taken equal to Es = 210 GPa, and the elasticity modulus of the cables is set equal 

to Ec = 165 GPa. The mass density of steel is set equal to ρs = 7850 kg/m3. The finite element model is 

calibrated using information from a preliminary set of acceleration response data collected from the 

structure. Then, modal analysis is performed using the finite element model to obtain the expected 

phase differences (vector θ) needed for the main analysis. 

 

 
Figure 7: Numerical model of the bridge. 
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4.3 Step 2: Main analysis 

 

Each acceleration response data set collected from the four instrumented locations of the deck has a 

size of 32,768 points sampled at a rate of 512 Hz. The bridge is tested under operational conditions, 

i.e. the excitation is induced by vehicular traffic passing under the bridge and by pedestrian traffic 

passing over the bridge. Since the SHM systems are cable-based and each SHM system collects data 

from two locations, an overall time lag between the left-most and the right-most pair of instrumented 

locations, i.e. an overall time lag between the two SHM systems themselves, is expected. For applying 

the phase shift condition, the first four vibration modes (h + 1 = 4), having been found from the 

preliminary analysis to have the highest contribution to the structural dynamic response, are 

considered. Integer a (Equation 10) is set to 4 for all vibration modes. The acceleration response data 

set from location A is set as reference data set. The mode shapes are extracted by applying frequency 

domain decomposition to the acceleration response data sets, before and after applying the 

synchronization method. The results of the synchronization method for the first four vibration modes 

(normalized to location D), along with the results of the preliminary analysis (expected mode shapes) 

are summarized in Table 2, and the respective MAC matrices are illustrated in Figure 8. The mode 

shapes before and after applying the synchronization method are shown in Figure 9. 

 
Table 2.Mode shapes of the bridge extracted from the field test. 

Mode number Location Unsynchronized Synchronized Expected 

Mode 1 

(f = 2.42 Hz) 

A 1.056 -1.049 -0.980 

B 0.712 -0.717 -0.720 

C 0.702 0.696 0.690 

D 1.000 1.000 1.000 

Mode 2 

(f = 4.28 Hz) 

A -0.703 1.042 1.300 

B 2.650 -4.124 -4.610 

C -4.183 -4.216 -4.350 

D 1.000 1.000 1.000 

Mode 3 

(f = 5.78 Hz) 

A -0.897 1.068 1.070 

B -0.245 0.292 0.260 

C 0.365 0.368 0.360 

D 1.000 1.000 1.000 

Mode 4 

(f = 7.58 Hz) 

A -0.320 -0.467 -0.800 

B 0.100 0.539 1.350 

C -2.184 -2.175 -1.420 

D 1.000 1.000 1.000 

 

 
Figure 8: MAC matrices of the mode shapes of the bridge extracted from the field test. 
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Figure 9: Mode shapes of the pedestrian bridge extracted from the field test. 

 

From the MAC matrices in Figure 8 and from the mode shapes in Figure 9, it is evident that the 

synchronization method proposed in this paper is capable of removing synchronization-induced errors 

from the results of OMA and of yielding accurate estimates of mode shapes. Furthermore, the weak 

correction effect of the synchronization method on the fourth mode is attributed to the inadequate 

excitation of this mode and, therefore, to the low contribution of this mode to the structural dynamic 

response. 

 

5. SUMMARY AND CONCLUSIONS 
 

The identification of structural dynamic properties, such as natural frequencies and mode shapes, 

through processing of acceleration response data falls into the category of operational modal analysis. 

Specifically in identifying mode shapes, the absolute synchronization between acceleration response 

data sets collected from different locations of a structure is a prerequisite for yielding accurate 

estimates of the mode shapes. Synchronization discrepancies are typical of wireless structural health 

monitoring systems, where due to the decentralized nature of wireless sensor networks global clock 

management of wireless sensor nodes is challenging. However, synchronization discrepancies may 

also affect cable-based systems, e.g. if more than one data acquisition units are used. To ensure the 

highest possible accuracy in extracting mode shapes, synchronization-induced errors must be detected 

and accommodated. While most research efforts, particularly in computer science, have been focusing 

on implementing clock synchronization protocols, this paper has addressed the issue of removing 

synchronization-induced errors at an intermediate stage of OMA. The synchronization method 

proposed in this paper is based on imposing the expected relationship between the phase angles of 

frequency components in the structural response corresponding to vibration modes. The expected 

relationship is obtained from preliminary analysis of the monitored structure, e.g. via numerical 

modeling or from engineering judgment. 

The synchronization method has been verified through laboratory tests on a shear frame structure with 

known structural dynamic properties and has been validated through field testing on a pedestrian 

overpass bridge. Both the verification and the validation tests have showcased the applicability of the 

synchronization method and the ability of the method to yield accurate estimates of mode shapes. The 

effect of the synchronization method on the mode shapes has proven to be weak in cases where the 

period of the vibration mode is significantly longer than the time lags between the acceleration 

response data sets and in cases where the vibration modes are inadequately excited. Future research 

will focus on the applicability boundaries of the synchronization method as well as on alternative 

patterns in the frequency components of acceleration response data sets that may also be used for 

synchronization purposes. 
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