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Abstract. Structural monitoring of objects is primarily executed to assess 
external and internal effects on the object, in order to ensure the safety of 
people, animals, and material assets. Such monitoring can be executed 

through various methods, depending on the object, conditions for 
execution, and purpose of the monitoring. In this case, the focus is on the 
execution of the monitoring of Maribor footbridge, where the dynamic 
effects of the object are monitored. For this purpose, geophone, 
accelerometer, and geodetic methods—using Global Navigation Satellite 
System (GNSS) and Robotic Total Station (RTS) equipment—are used, of 
which one is controlled by the additional programme GeoComZG. The 
emphasis of our experiment is on the application of non-contact geodetic 
methods, with which the measurements of dynamic response are typically 

performed, as they enable measurements up to 30 and 100 Hz with RTS 
and GNSS, respectively. In this article, the application of various 
procedures of non-contact data capture on the footbridge are detailed and a 
comparison and analysis of the obtained values for monitoring the dynamic 
response of the structure are presented. 

1 Introduction  

Modern monitoring techniques for bridges are typically based on the measurement of 

the displacements and vibrations. Data on the static and dynamic conduct of the structure 

under load are usually obtained from burdening tests. With the obtained data from the 

burdening tests and continued monitoring, data on the long-term conduct of the objects can 

be obtained. This is very important for highly loaded objects, such as those on highways or 

railways. The technological development of measuring equipment has intervened in the 

area of geodetic instruments; until a few years ago, it was only possible the determine the 

vertical and horizontal displacements and vibrations in the range of their natural 
frequencies. With the development of the interferometric radar, and the consequent 

increased resolution, faster scanning, and automatic prism tracking, very accurate static 

measurements and measurements of the dynamic response of structures at various 

monitoring points can be performed [1, 2]. It is necessary to obtain high-quality data about 

the conduct of the structure on parts which, with other methods, is practically impossible 
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due to the inaccessibility or the complexity of the structure; however, they can be obtained 

with geodetic methods in a very simple way.  

Geodetic monitoring with GNSS of the dynamic response of structures was, at first, 

directed only at flexible building structures, such as suspension bridges, skyscrapers, or 

towers [3–7]. These structures are characterized by larger displacements and lower 

oscillation frequencies. Modern GNSS technology enables us to capture data with 

frequencies up to 100 Hz [8].  

A recent alternative geodetic method is the application of robotic total stations (RTS) or 

robotic tachometers. This method was successfully used for numerous measurements of the 

semi-static [9, 10] and dynamic responses in the size class of a few centimeters [11, 12]. A 

more difficult task for robotic total stations is the measurement of the dynamic parameters 
of shorter and stiffer bridging objects, which are characterized by higher natural and 

oscillation frequencies, as well as lower amplitudes. Current systematic experiments with 

RTS and the built-in hardware GeoCom have proven their ability to measure oscillations up 

to 20 Hz [13] and amplitudes of a few millimeters. Despite this, only a few experiments 

have been executed with a recording frequency of 5–7 Hz [14]. This fact appeals to the 

necessity of further analysis of the ability and accuracy of the instruments in measuring the 

dynamics of the building objects. The flaw of these methods is in their installation on 

difficult structures (for accelerometers and GNSS antennas) or special prisms (for RTS).   

The robotic tachometer or robotic total station (RTS) is a new generation of geodetic 

instrument, which automatically captures data on the change of the length, horizontal angle, 

and vertical angle.  

In the works [15, 16, 17], the methods and results of studies into the possibility of 
application of Robotic Total Stations in monitoring prisms in motion have been described. 

The authors of these works described mainly the non-synchronization error of the 

measuring instrument sensors, used for measuring lengths and directions, which led to a 

system error in determining the co-ordinates of the prism´s position. In the works [18, 19], 

robotic total stations produced by various manufacturers for determining prism positions 

were tested, where the prism moved on right arcs and in certain directions at various 

velocities. In [20], the capabilities of an RTS in measuring high-frequency displacements in 

a horizontal direction was tested.   

As for the biggest advantage of the RTS, it is necessary to emphasize their high 

measurement precision. For kinematic measurements with the purpose of making precise 

3D measurements with the result displayed in real-time, RTS is considered to be the most 
convenient method. It is necessary to emphasize that many parameters affect the stated 

precision; depending on the RTS characteristics, the used prism, and atmospheric 

conditions during the measurement. The velocity of the prism´s motion, the capability of 

RTS servomotors to monitor the prism in motion, the conduct of compensators during the 

movement, and sophistication of algorithms to monitor the prism in the case of signal break 

all influence the execution of kinematic measuring, as well. 

The project of measuring the dynamic response of Wilford Bridge in Nottingham from 

2002 [21] was among the first studies into the adequacy of RTS applications in measuring 

the dynamic responses of bridges. In the work, the possibilities and flaws of the application 

of RTS for these types of measurements were given.  

The biggest flaw of the typical measuring instruments used is the slow and uneven 

execution of measurements. In [22], comparisons of the dynamic responses of a bridge, as 
determined with GPS, RTS, and accelerometers, are presented. The flaws of the GNSS 

method, such as uneven sampling after the removal of low-quality and defective 

measurements (due to, e.g., multi-path or bad satellite arrangement issues), the unreliability 

of the altitude component, and signal disturbances, were eliminated with the establishment 
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of additional geodetic measurements using an RTS, which captured the position data in an 

automated manner.  

This flaw has been eliminated with the development of technology and additional 

programs. If the structure, conditions, and (of course) time allow, it is the best to execute 

the measurements with various methods (GPS, RTS, and accelerometers) and compare the 

results, as has been shown in [1, 22]. Recently, many authors [23–31] have dealt with the 

application and accuracy of the GNSS systems and therestic laser scanners in assessing the 

functions of various factors on objects in the field of monitoring. 

In this article, the application of RTS (Leica instruments) and GNSS (Topcon system) 

in monitoring the dynamic conduct of footbridge object at Maribor will be shown. Physical 

methods, such as use of the Instantel, Mininimate Plus, and tri-axial Rotech Micro MON 
accelerometers for measuring the vibrations in all three axes were used to compare with and 

analyze the applicability of the geodetic results. The geodetic monitoring was executed with 

two instruments: a Leica TS50 and Leica TS30; with the TS50, an additional 

program/protocol GeoCOM/ZG, which enables up to 30 measurements per second, was 

used. The instrument was controlled by a computer using the GeoCOM protocol. The 

connection to the computer was established with a serial cable, and a baud rate setting of 

115 200 was used. 

The program was developed at the Faculty of Geodesy in Zagreb and enabled 

measurement of the length, Hz, and V of the angle per millisecond, or to measure only the 

Hz and V of the angle; where, due to the exclusion of the distance measurement, even more 

regular measurements per second can be performed. The second instrument, the Leica 

TS30, used the standard protocol GeoCom for the measurement, performing six 
measurements per second. The measuring point was the Leica GPR121 target. Both 

instruments used an autotarget tracking function. At the same position, a GNSS Topcon 

Hyper Pro system RTK with a scan speed of 20 reads per second was used, with both 

accelerometers activated.  

From the mentioned works, research, and results, it can be concluded that the RTS 

method can be used as an autonomous and sufficiently accurate method for monitoring the 

regular dynamic responses of building structures, which is proven through the executed 

experiment. 

2 Materials and Methods for the Limitation of Dynamic 
Monitoring with RTS 

In the experiment where the dynamic response of the bridge was monitored to determine 

potential damages, we wanted to assess the potential influences of the prism on the course 

of the measurements. Thus, two various geodetic prisms were used. As, during the whole 

testing period and further execution of actual monitoring, we wanted to include the effect of 

the sampling frequency of the measuring machine on the obtained results, the tests were 

performed at both 6 Hz and 26 Hz data capture rates. Based on the performed testing it was 
concluded that, to execute practical monitoring of the actual structure, the difference in 

obtained results was insignificantly small and exceeded the declared accuracy of all 

relevant geodetic machine measurements.  

For that purpose, a Leica TS50 with the GeoCOM/ZG protocol was tested, where each 

type of target measurement was performed for 5 minutes. The measurements were 

performed in two ways: with 6 Hz and 26 Hz sampling. Leica GPR121 and Optima prisms 

were used, as shown in Figure 1. In the article, the results with the Leica prism GPR121 

will be presented, as it was used in the monitoring experiment. 
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Fig. 1. The execution of the experiment in a laboratory (upper right: Optima; lower right: Leica 
GPR121). 

In Figure 2 and Table 1, the results of the measurement with the RTS TS50 at 6 Hz and 

26 Hz maximum measuring frequencies and at a distance of 5 m are shown. In the Figure, 

the measured vertical angles and coordinates of the point are shown in the horizontal plane 

of the timeline. Minimum and maximum values of certain co-ordinates are shown. In 

Figure 2, only a part of measurements are shown, with which the natural oscillation was 

assessed. 

  

Fig. 2. Part of results of vertical deviation in assessing noise oscillation of the instrument and prisms 
at various frequencies. 

Table 1. The results of noise oscillation of the instrument and prism, at various frequencies, for the 
Target Leica GPR121. 

Method Frequency 
Vertical displacement [mm] Standard deviation 

[mm] Min Max Δ 

RTS TS50 6 Hz -0.1000 0.1000 0.2000 0.091517 

GeoCOM/ZG 26 Hz -0.0141 0.1809 0.1950 0.055159 

 

Based on our test, it was concluded that, with the RTS method, the measurements with 

minimum frequency were performed 6 Hz. In [1, 15, 32, 33], it was shown that, by 
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considering the Nyquist theorem, only natural frequencies of less than 4,5 Hz can be 

detected using such a measurement rate [34].  

2.1 Automatic monitoring with the application of a non-contact system RTS 
and GNSS for assessing the damages on dynamic response 

Experimental measurements for the needs of monitoring were performed on the Maribor 

Footbridge. The Studenci Footbridge over the Drava River is a spatial stick bridging 

structure, designed for cyclists and pedestrians. The footbridge was built on this location in 

1885 and has since been reconstructed many times into various static systems. It was built 

into its existing state in 2007 and, in 2008, its design was awarded a Footbridge Award as 

the Best New Pedestrian Bridge; it is shown in Figure 3.  

  

Fig. 3. Studenci Footbridge (Source: https://www.google.si). 

The main structure is a spatial steel truss, which contains three longitudinal pipes: one 

pipe for the upper zone and two pipes for the lower zone, which relate to intermediate 

diagonals and bars.  

The truss continues un-interruptedly over the existing supports with ranges in the 

structural axis of 42 + 42 + 42 = 126 m. The upper walkway structure, with a width 

between from 3,2–5,8 m, has a constant vertical curvature of R = 4000 m. 

The measurements were performed on the first third of the range from the placement of 

the instruments. The biggest vibration and shift values were expected there. Vertical 

components, from which the dominant frequencies of the vibrations were calculated, were 
measured. 

For monitoring of the dynamic response, more experiments were conducted, in which 

the oscillation was forced. A test was carried out, in which two people (of common weight 

180 kg) walked or ran in both directions. For the execution of this experiment, the geodetic 

instruments RTS Leica TS50 and TS30 and GNSS Topcon Hyper PRO were used. For 

comparison and analysis of the applicability of geodetic results, the Instantel and Rotech 

Micro Mon accelerometers were used for measuring the vibration in all three axes. The set-

up is shown in Figure 4.  
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Fig. 4. The measuring equipment used (on the first third of the range from the measuring location). 

Table 2 shows the used sensors and their measuring frequencies. 

Table 2. Used sensors and their measuring frequencies. 

Sensors Name Frequency [Hz] 

RTS50 Leica TS50 + GeoCOM/ZG 26 

RTS30 Leica TS30 6 

GNSS Topcon Hyper Pro 20 

ACC1 Instantel 250 

ACC2 Rotech Micro Mon 2000 

The basic instruments used for geodetic measuring of dynamic response in the 

experimental case were the robotic total stations Leica TS50 and TS30, which are shown in 

Figure 5.  
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Fig. 5. Geodetic instruments Leica TS30/50 for monitoring. 

Both instruments were placed on the non-deformable part, 19,5m away from the target. 

They were both following the same target Leica GPR121. These instruments were part of a 

new generation of robotic electronic instruments, which have the key characteristics of 

automatic target following and capability to sample spatial information (i.e., distances and 

angles) with a frequency of up to 20 Hz. The instruments TS50 and TS30 have declared 

factory accuracies: according to ISO 17123-3, for measuring angles 0.5 s or 0,15 mgons 

and, according to ISO 17123-4, for distances 0,6 mm + 1 ppm. TS30 followed the target at 
6 Hz, while the additional program GeoCom/Zg was used for TS50 which followed the 

target at 26 Hz. 

The GeoCom/Zg program for monitoring the targets in the motion with a read speed of 

per millisecond was developed at the University of Zagreb in Croatia at the Faculty of 

Geodesy. The program is connected to the instrument through the GEV269 cable. The 

instrument is controlled by the GeoCOM/ZG program, which has the options of reading 

length, angle, and time, or only angle (Figure 6).  

 

Fig. 6. The GeoCOM/ZG program with which the measurements were performed (left: all 
measurements, right: only measuring angles). 

When testing the program, it was concluded that, by turning off the distance 

measurement, better readings were obtained. In determining the parameters of the dynamic 

 

  E3S Web of Conferences 164, 03001 (2020)

TPACEE-2019
 https://doi.org/10.1051/e3sconf /20201640 0130

7



response under equal burdening and oscillation, it was enough to capture the change of only 

the vertical angle over time. 

The GNSS system is a known system. The RTK method was used, where the base 

station was set on the non-deformable field and the rover was attached to the structure 

(Figure 7). At the time of the experiment, the read speed was set to 0.1s.  

 

Fig. 7. Base station Topcon Hyper Pro. 

3 Results 

Dynamic oscillations were forced by two people with a total weight of 180 kg, who were 

equally running or walking. The performance of the measurements in most scientific and 

engineering fields characterize the periodic signal of measured objects, where the 

periodicity is identified through spectral analysis. Spectral analysis, thus, presents a method 

of analysis using mathematical parameterization, where the chosen object is studied from 

the aspect of frequencies or other, indirectly connected quantities, such as energy, natural 

values, and so on.  

The most represented and overall used technique in the spectral analysis area is the 

method of calculating with the help of Fourier transformation, which is applicable for 
continued, as well as direct, signals. The main limitation of the adequate use of Fourier 

transformation is that it demands a constant (equivalent) measuring interval [35]. 

Fourier transformation presents an extremely strong mathematical tool, which is used in 

numerous areas. The main reason for the overall use of this method is mostly that, by 

Fourier transformation, complicated operations of disposition and convolution are 

converted into simple multiplicative operation and, as such, Fourier transformation is an 

important tool in solving differential equations. In relevant scientific fields, this method is 

mostly used to determine the so-called frequency (oscillation) spectrum with the presence 

of a certain noise, where the data capture is, in principle, equal.  

At present, it is possible to execute equal sampling with only advanced automatized 

measuring systems, such as accelerometers or strain gauges. On contrary to the latter, there 
is a problem with geodetic methods: there is commonly unequal data capture, where data 

are obtained over uneven or incorrect time intervals. Incorrect registration intervals and 

consequent sampling errors happen due to the natural technical flaws in the geodetic 

instruments. These errors are visually seen as so-called rough errors, which are the 
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consequence of too-small frequencies, semi-automatization, noise, and mechanical 

measurement interruption. 

Fourier transformation, whether of discrete or fast type, becomes practically useless 

when we want to consider data collected at unequal intervals in the analysis; which can be 

obtained from various geodetic measuring machines, such as RTS 

As a solution to include and consider the unevenness of the sampling in data processing, 

the Lomb periodgram method was introduced by Nicholas R. Lomb and Jeffrey D. Scargle. 

This method can be used to allow for the spectral analysis of incorrectly (as well as 

correctly) sampled measurement data.  

The Lomb (or Lomb–Scargle) periodogram is a mathematical method based on the 

principle of smallest squares for assessing the frequency spectra of random oscillations and 
the periodicity of even and uneven samplings. The procedure is based on matching 

sinusoidal functions of the shape [36, 37]: 

. (1) 

The Lomb periodogram P(t) describes a non-dimensional value, with which the spectral 

power is expressed. For time period T, it is defined as [36, 37]: 

 

(2) 

where in the equation for the time lapse, the parameter τ is defined as: 

 

(3) 

where: 

 … the size of the data block; 

 … time of the measured displacement ; 

 … mean value of the displacement, calculated with the term   ; and 

 … standard deviation, calculated with the expression . 

The obtained extreme positive values of the Lomb–Scargle periodogram, which appear 

in place of the frequencies which diminish the sum of squares of fitting the value to the 

timeline sinusoidal oscillation, give an approximation of the amplitude, as shown in figures 

8, 9, 10, and 11 and in Tables 3, 4, 5, and 6. 

This section may be divided by subheadings. It should provide a concise and precise 

description of the experimental results and their interpretations, as well as the experimental 

conclusions that can be drawn. 

 Situation 1: Noise oscillations. The first rows of Figures 8, 9, 10, and 11 present the 

measured signal, the second rows show Lomb–Scargle periodogram (a spectral 
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approximation for the area between 0–1 Hz of the basic signal), and the third presents A(f) 

for the whole Lomb–Scargle periodogram, where A(f) is calculated from Eq. 3.2. 

 

   

   

   

Fig. 8. Graphical displays of monitoring and spectral analysis in Situation 1. 

 

Table 3. Results of the analysis of Situation 1 with geodetic methods. 

Noise oscillation 

 
Displacement [mm] 

Lomb–Scargle periodogram 

(range 0–1 Hz) A(f) 

Min Max Δ Min Max Δ 

TS50 -0.21684 0.21893 0.43577 -47.7113 -22.7398 24.9715 0.005322 

TS30 -0.2488 0.2512 0.5000 -42.3964 -15.0730 27.3234 0.031096 

GNSS -10.00 10.00 20.00 -45.2253 -7.4402 37.7851 0.1803000 

 Situation 2: Walking over the bridge away from the measurement location. 

 

 

  E3S Web of Conferences 164, 03001 (2020)

TPACEE-2019
 https://doi.org/10.1051/e3sconf /20201640 0130

10



   

   

   

Fig. 9. Graphical displays of monitoring and spectral analysis in Situation 2. 

 

Table 4. Results of the analysis of Situation 2 with geodetic methods. 

Walking over the bridge away from the measurement location. 

 
Displacement [mm] 

Lomb–Scargle periodogram 

(range 0–1 Hz) A(f) 

Min Max Δ Min Max Δ 

TS50 -0.4650 0.4639 0.9289 -54.2679 -5.6454 48.6225 0.27256 

TS30 -0.4488 0.4512 0.9000 -42.3407 -4.1232 38.2175 0.38697 

GNSS -13.00 12.00 25.00 -49.0260 6.1154 55.1414 4.0883 

 Situation 3: Running over the bridge away from the measurement location. 
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Fig. 10. Graphical displays of monitoring and spectral analysis in Situation 3. 

 

Table 5. Results of the analysis of Situation 3 with geodetic methods. 

Running over the bridge away from the measurement location. 

 
Displacement [mm] 

Lomb–Scargle periodogram 

(range 0–1 Hz) A(f) 

Min Max Δ Min Max Δ 

TS50 -2.9985 2.9344 5.9329 -31.6273 -1.7515 29.8758 1.4126 

TS30 -2,:6488 3.0512 5.7000 -29.3163 -3.916 25.4003 1.9863 

GNSS -19.00 8.00 27.00 -35.3015 4.5089 39.8104 2.8242 

 Situation 4: Running over the bridge towards the measurement location. 
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Fig. 11. Graphical displays of monitoring and spectral analysis in Situation 4. 

Table 6. Results of the analysis of Situation 4 with geodetic methods. 

Running over the bridge towards the measurement location. 

 
Displacement [mm] 

Lomb–Scargle periodogram 

(range 0–1 Hz) 

 

A(f) 

 Min Max Δ Min Max Δ 

TS50 -2.9288 2.7799 5.7087 -33.4514 -7.5958 25.8556 10.9676 

TS30 -3.0488 2.9512 6.0000 -42.6251 -5.3963 37.2288 2.7416 

GNSS -14.00 16.00 30.00 -48.2508 4.0821 52.3329 2.5598 

The smallest obtained oscillation amplitude was 0.43 mm. At such small displacement 
values, a GNSS system will not give good quality results. Worse results were obtained, due 

to the accuracy of the GNSS system in the vertical direction: the obtained oscillation 

amplitude (displacement) was smaller than the accuracy of the system in the vertical 

direction.  

The advantage of the GNSS system vis-a-vis to the RTS system is evident at larger 

frequencies and oscillation amplitudes. Modern GNSS systems can record data up to 100 

Hz. 

From Figures 8–11 and Tables 3–6, it can be seen that the GNSS system had a natural 

oscillation of 20 mm in the vertical direction. If this value is deducted from all obtained 

values of our experiment, comparable values would be obtained. However, in such 
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demanding engineering works, where the damage of bridges are assessed, this is not an 

option. 

4 Discussion 

Based on presented and analyzed responses of the structure on certain burdening cases and 

the performed spectral analysis of individual signals, a practical value can finally be given. 

In almost all burdening cases, analysis of the results obtained by RTS TS50 showed a 

worse sampling frequency compared to the declared values, which suggests the possibility 

that measurements even up to 30 Hz were detected by using the GeoCOM/ZG program. 

The average sampling frequency during the whole experiment was 16 Hz. From the results 

of the monitoring of dynamic response with non-contact geodetic methods, it can be seen 
that a high accuracy of measurement at lower oscillation frequencies was reached; however, 

accuracy decreased with increased oscillation frequencies. Based on this, it can be 

concluded that the accuracy in determining the dynamic response and oscillation frequency 

is dependent on the movement speed of the prism. 

5 Conclusion 

The monitoring of objects in modern building practice presents an extremely important area 

of the analysis of building structures, based on which a general insight into the structure´s 

conduct may be obtained; however, this is susceptible to numerous effects during the 

examination period. Assessed or measured characteristics can now be exploited using 
numerous analyses and improvements and, based on the latter, potential negative 

consequences can be prevented. Following the rapid technological development of building 

procedures, which has been expressed in more and more statically demanding and bigger 

structures, methods for the analysis of structural response have been simultaneously 

developed, as well. 

Correct experimental design and further analysis of measured signals of a footbridge 

structure, which was burdened over four different mutually independent events, comprised 

the main goal of this experiment. By assessing the potential co-ordination of the obtained 

results, the monitoring was performed with three different geodetic instruments, two robotic 

total stations (RTS Leica TS50 and RTS Leica TS30) and a GNSS receiver (Topcon Hiper 

Pro), along two different physical instruments, the Instantel Minimate Plus and Rotech 
Micro Mon accelerometers. According to the theoretical principles of absolute and relative 

methods, it was discerned, before the execution itself, that a comparison between the 

geodetic and physical methods would be hardly doable. Due to this, the analysis was 

performed separately for each type of the method.  

Monitoring of the Studenci Footbridge was performed, simultaneously and 

uninterruptedly, with all of the geodetic measuring instrumentation, as well as physical 

methods. Due to the simultaneous initiation, it turned out that the processing and 

synchronization of the results was somewhat easier, due to the clear amplitude extremes 

and physicality of the signals. In most cases, in the application of the GNSS receiver, it 

turned out that millimetre-scale oscillation amplitudes presented values too small, due to 

the technical characteristics of chosen measuring equipment. Additionally, it turned out 

that, in the case of total robotic stations with direct measuring, relative vertical 
displacements were obtained, as opposed to absolute values, as in the case of the GNSS 

system. It was determined that, if the previously measured natural oscillation was deducted 

from the obtained results of the GNSS receiver, relatively good approximations, with 

reference to the measurements of the RTS, could be obtained. Special attention was paid to 
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the analysis of the response, as well as in the case of testing, in order to assess the accuracy 

of the measurements, as affected by the sampling frequency. It was concluded that, in 

mutual comparison of the obtained values at 6 Hz or 26 Hz, relatively exceptionally small 

changes were observed, from which it is concluded that frequency has a certain effect on 

the accuracy of the measurements, but this was, in the considered case and for the needs of 

general practice, evaluated as negligibly small. 

As has already been mentioned, a noticeable difference would be possible to note in the 

comparison of GNSS measurements, according to the results obtained with RTS. The 

deviations, even after pre-determined natural values were deducted, were still noticeable, 

from which it was concluded that the application of GNSS and indirectly connected GPS 

systems are much more meaningful for monitoring larger displacements or amplitudes over 
longer time periods.  

The application of spectral analysis procedures and methods, such as Fourier 

transformation and the Lomb–Scargle algorithm, have turned out to be strong mathematical 

tools for the analysis and interpretation of the frequency components of structural 

oscillations.  

A small flaw was assessed, in the case of sampling with the application of the robotic 

total station RTS Leica TS50, where, due to a short interruption of measurements or 

unevenness, a deviation occurred. In the case of Studenci Footbridge monitoring, all results 

of the responses of the footbridge following different burdening events with the mentioned 

measurement equipment, were mutually comparable, and an almost perfect synchronization 

was enabled in the case of geodetic methods. 

Monitoring of the object using our experimental set-up helped us to achieve 
representative and correct results (from an engineering perspective); thus, it is definitely 

reasonable to execute monitoring with the application of geodetic, as well as physical, 

methods, as this is likely the only way to obtain a fuller insight into the conduct and 

response of the structure over its exploitation period.  
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