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ABSTRACT 
In recent years, active control of flexible structures has been studied extensively. The motivation for continual 
studies with this approach is that the vibration performance of flexible structures can be improved significantly 
via control. For example, the performance of civil engineering floor structures, which the present research work 
is based on, is increasingly being governed by meeting permissible vibration serviceability limits depending upon 
their respective usages, and this can usually be enhanced via active control. This then offers designers increased 
flexibility to realise more lightweight, longer span and open-plan floor layouts that are in tune with the 
advancements in material and design technologies as well as meeting the challenges for reduced carbon footprint 
of new constructions. 

The work presented here focuses on active control of human-induced vibrations in floor structures using dynamic 
compensators. These are formulated from reduced order plant models and vary in complexity depending on the 
number of plant modes of vibration used for their respective designs. It is demonstrated that there are increased 
options offered by higher dynamic compensator orders with respect to realising various vibration mitigation 
performance objectives: for example, the isolation and targeting of specific vibration modes. These compensators 
are found to possess desirable stability margins and are much less sensitive to disturbances at lower frequencies 
in comparison with direct velocity feedback (DVF). A study of the robustness of the dynamic compensators 
designed here to changes in structural properties, for example, that would arise under human-structure interaction 
is also presented. It is found that the performance of dynamic compensator performance can be sensitive to 
changes in structural dynamic properties as compared with a direct velocity feedback scheme, as seen in the 
closed-loop stability properties, which is not so obvious from a study of the disturbance rejection properties. 

Keywords: Vibration, control, stability, compensators, mitigation 

1.0 INTRODUCTION 
The advances in control theory that have been seen over the years have significantly enhanced the ability to control 
flexibility in structures more precisely and efficiently. They have comprised of the development and application 
of both linear and nonlinear controllers for a wide range of applications [1,2,3,4,5,6,7,8]. The motivation for 
continual studies with this approach is that the vibration performance of flexible structures can be improved 
significantly via control. For example, the performance of civil engineering floor structures which is increasingly 
being governed by meeting permissible vibration serviceability limits depending on respective usages can be 
enhanced via active control [4,8,9]. This would offer designers increased flexibilities to realise more lightweight, 
longer span and open plan floor layouts that are in tune with the advancements in material and design technologies 
as well as meeting the challenges for reduced carbon footprint of new constructions.   

In past floor vibration control field trials with active vibration control (AVC) technology, predominantly direct 
output feedback approaches like the direct velocity feedback (DVF) has been investigated [4,8,9,10,11].  

Model-based control approaches have been extensively investigated and implemented in other sectors, for 
example, in the mechanical engineering and aerospace industries [5,12,13]. A family of model-based controllers 
of interest to this research work is observer-based compensators. With these schemes, all system states are 
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generally not measurable and therefore state observers are included and incorporated in the pole placement design 
process. The complete controller is then given as an observer in cascade with the state variable feedback. Such 
controllers have been implemented for some specific applications such as improving air/fuel characteristics of 
spark ignition engines [14], control of permanent magnet synchronous motor without mechanical sensors [15] and 
torsion control of flexible shaft systems [16]. There have also been successful implementations of modal control 
schemes in other case studies, for example, in multi-modal control of beam and model frame structures [17,18]. 
Some trials have been carried out in large-scale civil engineering structures [19,20], but they have hardly been 
implemented in floor vibration control trials. Some challenges concerning design freedoms that guarantee both 
overall closed-loop stability and controller stabilities with these approaches have been addressed in some research 
works [21,22].  

The primary aim of the studies presented here is to investigate the potential benefits and design freedoms that may 
be derived from using higher order observer-based compensators and make comparisons with a typical Direct 
Velocity Feedback scheme. A further study investigates the performances and stability properties of the derived 
compensators for changes or perturbations in the structural dynamic properties, for example, under human-
structure interactions. All the controllers are implemented in a single-input single-output (SISO) controller 
structure, with the collocated sensor and actuator pair sited at a chosen location on the structure. The structure 
whose dynamic properties are used in these studies is a walkway bridge structure in the Forum Building, 
University of Exeter. 

2.0 ACTUATOR AND WALKWAY BRIDGE DYNAMICS 
The actuators used in this research work are APS dynamics, model 400 electro-seis shakers. They have an inertial 
mass of 30.4 kg and a maximum stroke of 15 cm. The peak drive voltage to the amplifier is 2.0 V. Their drive 
power is obtained from a power amplifier, the APS Dynamics Model 124-EP. Figures 1a and 1b show the 
experimental force-voltage characteristics for the current drive mode in which the actuators are used here. Also 
within these plots are the traces of the derived analytical model in Equation 1a, whose parameters are determined 
as: 𝐾𝑎𝑐𝑡 = 300 N/V, 𝜁𝑎𝑐𝑡 = 0.10 and 𝜔𝑎𝑐𝑡  = 8.17 rad/s. Equation 1b shows the displacement-voltage characteristic. 

 
a) FRF Magnitude 

 
b) FRF Phase 

Figure 1. Actuator dynamics  – FRF magnitude and phase (EMA – experimentally measured trace, Est – 
analytical derived model trace) 

 

𝐺𝑎𝑐𝑡(𝑠) =  
𝐹(𝑠)

𝑉(𝑠)
=

𝐾𝑎𝑐𝑡𝑠
2

𝑠2 + 2𝜁𝑎𝑐𝑡𝜔𝑎𝑐𝑡𝑠 + 𝜔𝑎𝑐𝑡
2  

(1a) 

  

𝐺𝑎𝑐𝑡_𝑑(𝑠) =  
𝐷(𝑠)

𝑉(𝑠)
=

𝐾𝑎𝑐𝑡_𝑑

𝑠2 + 2𝜁𝑎𝑐𝑡𝜔𝑎𝑐𝑡𝑠 + 𝜔𝑎𝑐𝑡
2  

(1b) 

 

Figures 2a and 2b are photos of the walkway bridge structure, and Figure 2c shows the test grid for the EMA tests. 
For the EMA tests, two excitation shakers located at TP4 and TP7 were driven by statistically uncorrelated random 



signals. Their forces were measured using two Endevco 7754A-1000 accelerometers attached to their inertial 
masses, and walkway bridge responses were measured with 13 QA-750 force balance accelerometers that were 
roved along grid lines 1-13, 14-26 and 27-39. A Data Physics Mobilyzer II digital spectrum analyser was used for 
data acquisition. Force and vibration response data were sampled using a baseband setting of 80 Hz on the 
spectrum analyser, corresponding with a sampling rate of 204.8 Hz. Each data acquisition window was 32s in 
length, and the acquisitions were made using a Hanning window and 75% overlap, which were averaged to 
calculate the uncontrolled FRFs. Figures 2d and 2e show point accelerance FRF magnitudes and phases at TPs 4 
and 7. 

 
a) Sectional photo 

 
b) Aerial photo 

 
c) Test grid for EMA 

 
d) Point accelerance FRF magnitudes 

 
e) Point accelerance FRF phases 

Figure 2. Walkway bridge photos, test grid, and point accelerance FRFs (0-40 Hz) 
 

The FRF data from the EMA test was analysed using ME’scopeVES parameter estimation software to determine 
the modal properties i.e. the natural frequencies, modal damping ratios and mode shapes of the structure. Some 
of the key results from this estimation process are summarised in Table 1, and mode shapes corresponding with 
the first two vibration modes are shown in Figures 3a and 3b. 

Table 1:  Summary of estimated modal properties from EMA 

Mode Natural Frequency [Hz] Damping Ratio [%] 
1 6.34 1.0 
2 10.5 0.9 
3 14.6 2.2 
4 20.5 2.6 
5 26.1 0.7 
6 26.9 1.1 
7 34.3 2.3 



 

 
a) Mode shape for mode 1 – 6.34 Hz 

 
b) Mode shape for mode 2 – 10.50 Hz 

Figure 3. Typical mode shapes for modes 1 and 2 
 

A lumped parameter model with n = 7 modal co-ordinates in Equation 2a is formulated, and the state space 
representations derived in Equations 2b and 2c can be tailored to provide outputs in both modal or spatial velocities 
and accelerations. Appropriate reduced-order models (ROMs) can thus be extracted for controller designs. 𝑀∗, 𝐶∗ 
and 𝐾∗ are the n x n modal mass, modal damping and modal stiffness matrices, whilst ∅ is the m x n mass 
normalised modal transformation matrix. 𝐷 is the m x m actuator location matrix and 𝐸 is the m x m excitation 
force location matrix. 𝜁𝑖  and 𝜔𝑖 are the modal damping and natural circular frequency coefficients of the 𝑖th 
vibration mode. 

𝑀∗𝑧 ̈ + 𝐶∗�̇� +  𝐾∗𝑧 =  ∅𝑇𝐷𝑢 + ∅𝑇𝐸𝑓 (2a) 
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For these SISO studies, TP7 is selected for siting the collocated sensor and actuator pair as it is closest to the 
antinodes of the two lowest modes of vibration in Table 1. Figures 4a and 4b show the magnitude and phase plots 
of both the EMA measurement and ROM that is derived based on the three dominant modes of vibration 
observable at TP7.  



 
a) FRF magnitude 

 
b) FRF phase 

Figure 4. EMA and ROM point accelerance FRF magnitudes and phases at TP7 
 

3.0 CONTROLLER DESIGNS 
A typical control scheme used in this work is shown in Figure 5. 𝐺𝑝(𝑠), 𝐺𝑎𝑐𝑡(𝑠), 𝐺𝑏𝑝(𝑠), 𝐺𝑛𝑜𝑡(𝑠) and 𝐺𝑐(𝑠) are 
the walkway bridge, actuator, band pass filter, notch filter and controller dynamics. For mitigation of human 
induced vibrations, the disturbance rejection property derived in Equation 3 is the key objective as human walking 
forces cannot directly be measured. The transfer function between the actuator displacement and the disturbance 
input is shown in Equation 4. This is used to study the sensitivity of the actuator reactive mass displacement to 
the disturbance input mainly around the actuator resonant frequency which, coincidentally falls within the range 
of human walking frequencies. Notch filters, 𝐺𝑛𝑜𝑡(𝑠), in Equation 5 (𝑘𝑛𝑜𝑡 > 1) are designed to compensate for 
the low damping of actuator dynamics in the current drive mode. 

 

Figure 5. Controller scheme for both PI controller and observer based controller 

𝑌𝑎(𝑠) =
𝐺𝑝(𝑠)

1 + 𝐺𝑝(𝑠)𝐺𝑛𝑜𝑡(𝑠)𝐺𝑎𝑐𝑡(𝑠)𝐺𝑐(𝑠)𝐺𝑏𝑝(𝑠)
𝐷𝑖(𝑠) 

(3) 

  

𝑌𝑎𝑐𝑡_𝑑(𝑠) = −
𝐺𝑛𝑜𝑡(𝑠)𝐺𝑎𝑐𝑡_𝑑(𝑠)𝐺𝑐(𝑠)𝐺𝑏𝑝(𝑠)𝐺𝑝(𝑠)

1 + 𝐺𝑛𝑜𝑡(𝑠)𝐺𝑎𝑐𝑡_𝑑(𝑠)𝐺𝑐(𝑠)𝐺𝑏𝑝(𝑠)𝐺𝑝(𝑠)
𝐷𝑖(𝑠) 

(4) 

  

𝐺𝑛𝑜𝑡(𝑠) =  
𝑠2 + 2𝜁𝑛𝑜𝑡𝜔𝑛𝑜𝑡𝑠 + 𝜔𝑛𝑜𝑡

2

𝑠2 + 2𝑘𝑛𝑜𝑡𝜁𝑛𝑜𝑡𝜔𝑛𝑜𝑡𝑠 + 𝜔𝑛𝑜𝑡
2  

(5) 

 

The governing requirements to be met by all controllers are set out as: 

1. To meet minimum stability margins, i.e. Gain Margin (GM) of 3dB and Phase Margin (PM) of 30 
degrees. 

2. The peak of Equation 1b around the actuator resonance, i.e. 𝑠 = 𝑗𝜔𝑎𝑐𝑡, should not exceed the threshold 
of 0.05 mm/N. This is a dynamic quantity that reduces the potential for stroke saturation from the 
harmonics of walking around the actuator resonant frequency. 



 

The two controller schemes studied in this work, and which are implemented at TP7 include: 

a) A direct velocity feedback (DVF) scheme 

The optimum DVF controller here is defined as the maximum gain realizable that provides maximum 
enhancement in damping to the observable vibration modes at TP7, whilst meeting requirements (1) and (2) above. 
A second order Butterworth band pass filter with cut-off frequency, 𝐺𝑏𝑝(𝑠) = 1.0 – 30.0 Hz, is implemented with 
this controller together with the notch filter in Equation 5, for 𝑘𝑛𝑜𝑡 = 6.4, 𝜁𝑛𝑜𝑡 = 0.12, 𝜔𝑛𝑜𝑡 = 8.16. This yields 
𝐾𝑔 = 800 in Equation 6. The magnitude and phase characteristics of Equation 6 are shown in Figure 7. The 
minimum stability margins are outlined in Table 2, and Figures 8a and 8b show the Nyquist contour plot of 
𝐺𝐷𝑉𝐹(𝑠)𝐺𝑎𝑐𝑡(𝑠)𝐺𝑛𝑜𝑡(𝑠)𝐺𝑏𝑝(𝑠)𝐺𝑝(𝑠) and the peaks of Equation 4 within the critical frequency span 0.5 – 5.0 Hz. 

 

𝐺𝑐(𝑠) =  𝐺𝐷𝑉𝐹(𝑠) =  
𝐾𝑔

𝑠
 

(6) 

 

b) Dynamic controllers – a series of observer-based controllers are designed to meet some specified design 
objectives: 𝐺𝑐1(𝑠) is designed to isolate and control mainly the first vibration mode, 𝐺𝑐2(𝑠) is designed 
to isolate and control mainly the second vibration mode, whilst 𝐺𝑐3(𝑠) is designed to control both the 
first and second vibration modes. 

The observer-based controllers are obtained from Figure 6, in which (𝐴𝑝, 𝐵𝑝, 𝐶𝑝) and (𝐴𝑝𝑜, 𝐵𝑝𝑜, 𝐶𝑝𝑜) are the 
existing walkway bridge dynamics and its reduced-order model (ROM). The ROM considers the three dominant 
vibration modes observable at TP7. �̂� are estimated modal states of the observer, 𝐾𝑝 are the modal feedback gains 
required to achieve desired closed-loop eigenvalues of the walkway bridge, and 𝐾𝑒 are observer gains. Some 
literature on formulation of observer based controllers can be found in the works of [22,23]. 

 

Figure 6. Shortened form of dynamic regulator [23] 

 

There are infinite choices of desired walkway bridge eigenvalues as well as observer eigenvalues. For this work, 
the desired closed-loop eigenvalues to be realised by each of the controllers are specified in Table 3, and the 
controllers that are designed to achieve these objectives are shown in Equations 7a, 7b and 7c. These are of sixth 
order by virtue of the number of plant modes used for their design. Their respective magnitude and phase 
characteristics are highlighted in Figure 7, which show desirable low frequency characteristics compared to pure 
DVF controller as well as suitable roll-off characteristics at higher frequencies. Second order Butterworth band 
pass filters: 𝐺𝑏𝑝1(𝑠), 𝐺𝑏𝑝2(𝑠), 𝐺𝑏𝑝3(𝑠) with cut-off frequencies of 0.5 – 25.0 Hz, 0.5 – 30.0 Hz, and 0.5 – 40.0 
Hz are implemented with 𝐺𝑐1(𝑠), 𝐺𝑐2(𝑠) and 𝐺𝑐3(𝑠), together with the notch filter in Equation 5, with parameters:  
𝑘𝑛𝑜𝑡 = 2.1, 𝜁𝑛𝑜𝑡 = 0.12, 𝜔𝑛𝑜𝑡 = 8.16. The notch filters are implemented to reduce potential of spillover 



instability from higher resonances. The minimum stability margins for all controllers are outlined in Table 2, and 
Figures 8a and 8b show the Nyquist contour plots of 𝐺𝑐(𝑠)𝐺𝑎𝑐𝑡(𝑠)𝐺𝑛𝑜𝑡(𝑠)𝐺𝑏𝑝(𝑠)𝐺𝑝(𝑠), in which 𝐺𝑐(𝑠) takes the 
form of either 𝐺𝑐1(𝑠), 𝐺𝑐2(𝑠) or 𝐺𝑐3(𝑠) and the peaks of Equation 4 within the frequency span 0.5 – 5.0 Hz. Also 
within Table 3 are the resultant closed-loop eigenvalues from implementation of these controllers. 

 

𝐺𝑐1(𝑠) =  
153.5(𝑠 + 596.5)(𝑠2 + 2.9𝑠 + 4339)(𝑠2 + 89.2𝑠 + 2.6𝑒4)

(𝑠2 + 71𝑠 + 2161)(𝑠2 + 10.2𝑠 + 4266)(𝑠2 + 39.6𝑠 + 4.6𝑒4)
 

  (7a) 

𝐺𝑐2(𝑠) =  
349.2(𝑠 + 969.2)(𝑠2 + 0.8𝑠 + 1582)(𝑠2 + 24.7𝑠 + 4.5𝑒4)

(𝑠2 + 189.5𝑠 + 8771)(𝑠2 + 9.6𝑠 + 1665)(𝑠2 + 31.2𝑠 + 4.6𝑒4)
 

 (7b) 

𝐺𝑐3(𝑠) =  
463.7(𝑠 + 244.1)(𝑠2 + 6.3𝑠 + 2706)(𝑠2 + 11.3𝑠 + 4.7𝑒4)

(𝑠2 + 80.9𝑠 + 2392)(𝑠2 + 20.3𝑠 + 2893)(𝑠2 + 11.2𝑠 + 4.6𝑒4)
 

 (7c) 

 

 
a) FRF magnitudes 

 
b) FRF phases 

Figure 7. FRF magnitude and phase plots of dynamic compensators and DVF controller 
 

 
a) Nyquist contours 

 
b) Displacement-force characteristic 

Figure 8. Nyquist contour plots of 𝐺𝑐(𝑠)𝐺𝑎𝑐𝑡(𝑠)𝐺𝑛𝑜𝑡(𝑠)𝐺𝑏𝑝(𝑠)𝐺𝑝(𝑠)  and displacement-force characteristic in 
Equation 4 for observer-based and DVF controller 

 

Table 2. Minimum stability margins from all controllers 

Controller GM - dB PM - degrees 
𝐺𝐷𝑉𝐹(𝑠) 14.0 65.7 

𝐺𝑐1(𝑠) 10.6 60.1 

𝐺𝑐2(𝑠) 10.8 53.3 

𝐺𝑐3(𝑠) 11.2 52.0 

 



Table 3. Desired and achieved eigenvalues of modes 1 and 2 of the walkway bridge structure 

  Desired closed-loop 
eigenvalues 

Achieved closed-loop 
eigenvalues 

𝐺𝑐1(𝑠) Mode 1 
Mode 2 
Mode 3 

−8.1 ± 39.6𝑖 
−1.2 ± 66.0𝑖 
−8.4 ± 215.4𝑖 

−7.9 ± 41.1𝑖 
−1.2 ± 66.0𝑖 
−8.4 ± 215.4𝑖 

𝐺𝑐2(𝑠) Mode 1 
Mode 2 
Mode 3 

−0.4 ± 39.8𝑖 
−10.5 ± 61.8𝑖 
−7.0 ± 215.4𝑖 

−0.4 ± 39.8𝑖 
−10.2 ± 59.8𝑖 
−7.0 ± 215.4𝑖 

𝐺𝑐3(𝑠) Mode 1 
Mode 2 
Mode 3 

−8.3 ± 41.5𝑖 
−9.6 ± 63.8𝑖 
−5.6 ± 215.4𝑖 

−8.1 ± 40.5𝑖 
−9.2 ± 64.6𝑖 
−5.6 ± 215.4𝑖 

 

4.0 ANALYTICAL STUDIES 
The analytical simulation studies presented here comprise of: 

a) Uncontrolled and controlled frequency response function (FRF) predictions with estimated ROM of 
walkway bridge in Equations 2a to 2c and implementation of compensators 𝐺𝑐1(𝑠), 𝐺𝑐2(𝑠), 𝐺𝑐3(𝑠), and 
𝐺𝐷𝑉𝐹(𝑠). 

b) Uncontrolled and controlled frequency response function (FRF) predictions with modified ROM of 
walkway bridge dynamics that reflect potential changes in the walkway bridge dynamics, for example, 
due to human-structure interactions, and again with implementation of the static controllers 𝐺𝑐1(𝑠), 
𝐺𝑐2(𝑠), 𝐺𝑐3(𝑠), 𝐺𝐷𝑉𝐹(𝑠). 

 

4.1. UNCONTROLLED AND CONTROLLED FRFS FOR CASE (a) 
For the estimated ROM from Equations 2a to 2c, the disturbance rejection estimates from Equation 3, with all the 
controller sets: 𝐺𝑐1(𝑠), 𝐺𝑐2(𝑠), 𝐺𝑐3(𝑠), 𝐺𝐷𝑉𝐹(𝑠) in these analytical studies are presented in Figures 9a and 9b.  

 
a) FRF magnitudes 

 
b) FRF phases 

Figure 9. Uncontrolled and controlled frequency response functions with observer-based controllers and DVF 
scheme 

 

4.2. UNCONTROLLED AND CONTROLLED FRFs FOR CASE (b) 
The presence of human subjects on structures, either in a passive or active form, as well as their numbers usually 
has the potential to change its dynamics in several ways, for example, through increased damping, or even 
increased damping and shifts in the resonant frequencies as seen in studies by [24]. In this research work, to 
simulate such scenarios and study the disturbance rejection properties of the controllers (static in a sense) 
designed: 𝐺𝑐1(𝑠), 𝐺𝑐2(𝑠), 𝐺𝑐3(𝑠), 𝐺𝐷𝑉𝐹(𝑠) to such perturbations, some realistic modifications were made to the 



estimated dynamics from the EMA test in Table 1 as shown in Table 4. Figure 10 shows the frequency response 
functions (FRFs) of the original ROM, as well as those with the modified dynamics (M1 and M2) in Table 5. 

 

Table 4. Summary of modified walkway bridge modal properties from Table 1 

Mode Natural Frequency – 
M1 [Hz] 

Damping Ratio – 
M1 [%] 

Natural Frequency – 
M2 [Hz] 

Damping Ratio 
– M2 [%] 

1 6.34 4.2 6.02 5.2 
2 10.5 2.8 10.0 2.4 
3 14.6 2.2 14.6 2.2 
4 20.5 2.6 20.5 2.6 
5 26.1 0.7 26.1 0.7 
6 26.9 1.1 26.9 1.1 
7 34.3 2.3 34.3 2.3 

 

 
a) FRF magnitudes 

 
b) FRF phases 

Figure 10. Uncontrolled FRFs – estimated from EMA tests (OL) and altered (M1 and M2) to cater for 
potential changes due to presence of human subjects 

 

Figures 11a, 11b and 11c, 11d show typical simulated uncontrolled and controlled frequency response function 
magnitudes and phases for original ROM and modified ROM (in Table 4) for all controllers. OL and CL refer to 
open and closed-loop FRFs with original ROM, whilst M1U, M2U and M1C, M2C refer to open and closed loop 
FRFs with modified ROM in Table 4. Figures 12a and 12b show Nyquist contour plots of 
𝐺𝑐(𝑠)𝐺𝑎𝑐𝑡(𝑠)𝐺𝑛𝑜𝑡(𝑠)𝐺𝑏𝑝(𝑠)𝐺𝑝(𝑠), in which 𝐺𝑐(𝑠) takes the form of either 𝐺𝑐1(𝑠), 𝐺𝑐2(𝑠), 𝐺𝑐2(𝑠) or 𝐺𝐷𝑉𝐹(𝑠), 
and Table 5 shows the minimum stability margins with modifications M1 and M2. 

 

Table 5. Stability margins and displacement-force characteristics for all controllers 

Controller GM – dB 
(M1) 

PM – degrees 
(M1) 

GM – dB 
(M2) 

PM – degrees 
(M2) 

𝐺𝐷𝑉𝐹(𝑠) 13.1 61.1 12.2 62.3 
𝐺𝑐1(𝑠) 6.6 54.1 6.6 49.9 
𝐺𝑐2(𝑠) 8.7 48.9 6.8 43.3 
𝐺𝑐3(𝑠) 9.4 52.1 7.9 45.8 

 

 



 
a) FRF magnitudes (DVF) 

 

 
b) FRF magnitudes (𝐺𝑐1(𝑠)) 

 
c) FRF magnitudes (𝐺𝑐2(𝑠)) 

 
d) FRF magnitudes (𝐺𝑐3(𝑠)) 

Figure 11. Uncontrolled and controlled FRFs – altered (M1 and M2) to cater for potential changes due to 
presence of human subjects 

 

 



 
a) Nyquist contours for M1 

 
b) Nyquist contours for M2 

Figure 12. Nyquist contour plots of 𝐺𝑐(𝑠)𝐺𝑎𝑐𝑡(𝑠)𝐺𝑛𝑜𝑡(𝑠)𝐺𝑏𝑝(𝑠)𝐺𝑝(𝑠)  for alterations in structural dynamic 
properties: M1 and M2 for observer-based and DVF controller 

 

5.0 CONCLUSIONS 
This paper has been focused on active vibration suppression of human-induced vibrations in a walkway bridge 
structure. It has compared the vibration mitigation performances of two sets of controller schemes implemented 
in a SISO set-up: (1) a DVF controller based on measured walkway bridge acceleration response, and (2) a series 
of observer-based or dynamic controllers formulated from three structural vibration modes, respectively, also 
based on measured walkway bridge acceleration response.  The studies also aimed at investigating potential 
implications on the performance and stability properties of these controllers under perturbations in the walkway 
dynamics, for example, caused by the presence of humans. 

DVF controllers are attractive in the sense that they are quicker to formulate and they do offer appropriate 
enhancement to the damping properties of the walkway bridge structure. For purely SISO schemes, they attenuate 
resonant frequencies observable at a particular controller location. 

With the observer-based (dynamic) compensators, the controller design requires both the selection of desired 
closed-loop eigenvalues of selected modes of vibration of the walkway bridge structure as well as appropriate 
observer eigenvalues. This can be quite a rigorous procedure and they do require appropriate plant models for 
their design. It is seen that higher order dynamic compensators, there is increased flexibilities for setting a range 
of objectives, ranging from isolation and control of specific resonances to the control of all resonant frequencies 
observable at a given location, even for a purely SISO scheme. The compensators are seen to be attractive in the 
sense that they possess low gains at low frequencies as compared with a pure DVF controller, which is reflected 
in Figure 8b that studies the sensitivity of the actuator mass displacement to a disturbance input force.  

It is seen, for example, from comparisons of Tables 2 and 5 that changes in structural properties can affect the 
stability properties of dynamic controllers whilst DVF is much less sensitive to such changes as seen in the Nyquist 
contour plots in Figure 12. This is not obvious from an overview of Figure 11 only. 
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