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1. Introduction

Civil structures are critical infrastructure assets that require
continuous structural health monitoring (SHM) to prevent
catastrophic failures and minimize associated damages.
Effective damage detection through SHM is essential for
ensuring structural safety and longevity. In recent years,
non-destructive testing (NDT) methods, particularly those
based on vibration analysis, have gained significant
attention. These techniques allow for the assessment of
structural integrity without disrupting operational
functionality. This research evaluates and compares the
performance of various system identification techniques
for extracting modal parameters from both numerically
simulated and real-world structural vibration data.

2. Methodology

This study employed four prominent system identification
methods: Stochastic Subspace Identification (SSI), a time-
domain parametric method; Frequency Domain
Decomposition (FDD) and Polynomial Least Squares
Complex Frequency-domain (PLSCF), frequency-domain
non-parametric and parametric methods, respectively; and
Empirical Mode Decomposition (EMD), a time-frequency
domain method. The efficacy of these methods was
assessed using two distinct case studies: a numerical model
of the ASCE-AISC benchmark structure and experimental
data obtained from the 22 Bahman Bridge at Ferdowsi
University of Mashhad.

3. Case studies

The ASCE-AISC benchmark structure, a 12-DOF
analytical model, was simulated with incorporated noise
and damping effects to provide a controlled environment
for evaluating method accuracy (Figure 1).

Figure 1- ASCE-AISC benchmark structure

The 22 Bahman Bridgeis a single-span bridge
measuring 12.6 meters in length and 3.25 meters in
width (Figure 2). Modal testing was performed
using piezoelectric accelerometers and a 16-channel data
logger to record ambient vibration data. Two different
sensor configurations were employed. Additionally,
a finite element model (FEM) of the bridge, based on field
measurements, was developed in SAP2000 to assess
methods robustness and the effect of sensor
configurations.

Figure 2- 22 Bahman Bridge
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4. Results and discussion

For the ASCE-AISC benchmark structure, the PLSCF
method demonstrated superior accuracy in estimating
natural frequencies, though it exhibited notable sensitivity
to noise. SSI and FDD showed comparable performance,
with FDD offering greater computational efficiency for
large datasets. In contrast, EMD yielded lower accuracy,
especially for higher-order modes, as summarized in Table
1.

For the 22 Bahman Bridge, SSI consistently provided
the most accurate natural frequency estimates, with FDD
also maintaining high accuracy. However, PLSCF showed
some deviations in its estimates, while EMD again
demonstrated the lowest accuracy. The frequency
estimations for the two configurations are shown in Table
2.

Table 1- Estimated natural frequencies (Hz) of the ASCE-
AISC benchmark structure

Method Model | Mode2 | Mode3 | Mode4
Analytical | 9.4109 | 25.5449 | 38.6634 | 48.0073
SSI 9.7496 | 25.8891 | 39.4439 | 48.4052
FDD 9.1553 25,5127 | 37.9028 | 47.3022
PLSCF 9.4181 25.4767 | 38.9618 | 48.3439
EMD 9.258 23.9584 - -

Table 2- Estimated natural frequencies (Hz) of the 22
Bahman Bridge

Configuration | Method | Mode1 | Mode2 | Mode 3
SSl 12.0035 | 49.8247 | 99.7489
1 FDD 11.8594 | 49.7188 | 99.7109
PLSCF | 11.8561 | 50.1249 | 99.812

EMD | 11.4774 | 45.3655 -
SSI 12.082 | 51.1011 | 102.16
2 FDD 12.2422 | 51.2578 | 102.523
PLSCF | 11.8904 | 50.6787 | 102.808

EMD | 11.8015 | 47.386 -

The study compared the estimated mode shapes with
the finite element model, revealing that all methods
successfully captured the fundamental vibration patterns,
albeit with varying degrees of accuracy. The FDD and SSI
methods exhibited the closest agreement with the
analytical model, demonstrating robust performance in
modal identification. In contrast, the PLSCF method
showed a tendency to overestimate modal amplitudes,
particularly in higher-order modes. While EMD proved
effective for extracting low-frequency, dominant modes,
its performance degraded significantly for higher-order
modes. These observations were quantitatively validated
using the Modal Assurance Criterion (MAC) and
Coordinate Modal Assurance Criterion (COMAC), Figure
3 presents the MAC matrix for the first sensor
configuration of the 22 Bahman Bridge.

Figure 3- MAC matrix: Analytical vs. estimated mode
shapes (Config. 1) - 22 Bahman Bridge

For the real-world study, FDD and SSI demonstrated
relative errors below 6% in the first sensor configuration
and below 5% in the second configuration for the first
mode. In contrast, PLSCF showed deviations up to 9%,
and EMD up to 17%. The MAC values indicated strong
overall correlation between estimated and analytical mode
shapes, with FDD consistently yielding the best results.
COMAC analysis showed excellent local agreement,
though only the first two modes were analyzed.

5. Conclusion

This research presents a comparative analysis of SSI,
FDD, PLSCF, and EMD for modal parameter estimation
in structural health monitoring. Through numerical
simulations and field data analysis, the study demonstrates
each method's distinct strengths and limitations. The
results show that FDD and SSI consistently provide the
most accurate and reliable estimations, as evidenced by
their strong correlation with analytical models and superior
MAC/COMAC values.

Key findings reveal that FDD offers particular
advantages for field applications due to its noise
robustness and computational efficiency, while SSI
provides precise modal identification but requires careful
parameter selection. PLSCF proves ideal for controlled
laboratory conditions with known inputs, though it
exhibits limitations in noise-contaminated environments.
EMD remains preferable for non-stationary signal analysis
but requires methodological enhancements to improve
accuracy.
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Comparison of System Identification Methods for Extracting Modal Parameters
(Case Study: 22 Bahman Bridge, Ferdowsi University of Mashhad

Nima Kowsari ~ Zaher Rezaie  Mahmud Hassanpour Golriz  Ahmad Shooshtari*

Abstract System identification plays a crucial role in structural health monitoring. By using damage-sensitive features
such as natural frequencies and mode shapes and comparing these features to the healthy state of the system, damage
can be identified. This paper investigates the efficiency of system identification methods. To this end, the Stochastic
Subspace ldentification (SSI) method in the time domain, the Frequency Domain Decomposition (FDD) and Poly
Reference Least Squares Complex Frequency domain (PLSCF) methods in the frequency domain, and the Empirical
Mode Decomposition (EMD) method in the time-frequency domain were selected for evaluation. To assess the accuracy
of these methods, both numerical and experimental data were utilized. The numerical data were obtained from the ASCE-
AISC benchmark structure, while the experimental data consisted of vibration data obtained from a modal test performed
on the 22 Bahman Bridge at Ferdowsi University of Mashhad. This approach allowed for an evaluation of method
performance under controlled conditions (numerical) and in the presence of environmental noise (experimental). The
results demonstrate that the FDD and SSI methods exhibited superior accuracy and suitability for estimating the modal
characteristics of structures. The PLSCF method proved to be sensitive to environmental noise, leading to errors in the
estimated modal parameters. The EMD method, while suitable for processing non-stationary and nonlinear signals,
exhibited lower accuracy compared to other methods. These findings provide valuable information for researchers in the
field of structural health monitoring in selecting appropriate methods for implementation in real-world applications or
in developing further advancements to these techniques.

Key words System identification, Stochastic Subspace Identification, Frequency Domain Decomposition, Poly Reference Least
Square Complex Frequency domain, Empirical Mode Decomposition
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