
MEASURING THE DYNAMIC DEFORMATION OF BRIDGES
USING A TOTAL STATION

Emily Cosser, Gethin W Roberts, Xiaolin Meng, Alan H Dodson

Institute of Engineering Surveying and Space Geodesy (IESSG), University of Nottingham

Abstract

It is well known that long term movements of structures can be monitored using a total station.
Measurements are taken over minutes, hours or weeks to a number of targets to measure
settlement or long term permanent deformations.  At the University of Nottingham research is
concentrated on the dynamic deformation of structures, in particular bridges.  Monitoring
equipment includes GPS, accelerometers, pseudolites and now total stations.  A recent bridge trial
conducted by the authors on the Wilford Suspension Bridge in Nottingham included the use of a
servo driven Leica TCA2003 total station measuring angles and distances at a 1 Hz data rate.  The
total station results are compared to the GPS data.  Outlined in this paper are the results from
initial total station trials, including the bridge trial.

1.  Introduction

Total stations have been used to measure the movement of structures and natural processes with
good results (Hill and Sippel 2002;Kuhlmann and Glaser 2002;Leica Geosystems 2002).  Leica
Geosystems (2002) quote accuracies of better than 1mm for their bridge and tunnel surveys.  They
use a remote system that logs measurements 6 times daily via a modem, with measurements still
possible at peak times.  Kuhlmann and Glaser (2002) use a reflectorless total station to monitor
the long term deformation of bridges.  Measurements are taken of the whole bridge every six
years and statistical tests are used to confirm if the points have moved.  Hill and Sippel (2002) use
a total station and other sensors to measure the deformation of the land in a landslide region.

For all of the examples mentioned above the data rate for the total station measurement is slow.
At the IESSG, University of Nottingham (UoN), the research aim is improving the monitoring of
the dynamic deformation of bridges.  For this a much higher data rate is needed.  GPS needs a
clear line of site to the satellites and so for bridge monitoring can only measure from the bridge
deck and towers.  Even on the bridge deck the cable and towers can cause obstructions to the
signals.  Total station prisms can be located underneath the bridge deck as long as there is a clear
line of sight to the total station itself.  For these reasons the possibility of dynamic deformation
monitoring with a total station has become a current research topic.

There are advantages and disadvantages of using a total station for dynamic deformation
monitoring.  The advantages include the high accuracy as quoted above, the automatic target
recognition which provides precise target pointing (Hill and Sippel 2002) and the possibility of
measuring indoors and in urban canyons (Radovanovic and Teskey 2001).  The disadvantages
include the low sampling rate (Meng 2002), problems with measurement in adverse weather
conditions (Hill and Sippel 2002) and the fact that a clear line of sight is needed between the total
station and the prism.

Radovanovic and Teskey (2001) conducted experiments to compare the performance of a robotic
total station with GPS.  This experiment was conducted because GPS is not an option in many
application areas such as indoors.  Total stations are now capable of automatic target recognition
and they can track a prism taking automatic measurements of angles and distances once lock has



been established manually.  It was found that the total station performed better than GPS in a stop
and go situation, where measurements were taken of a moving object only when it was stationary.
In a completely kinematic situation GPS performed the best.  It was found that there were two
main problems with the total station in kinematic mode.  These were a low EDM accuracy caused
by a ranging error that was linearly dependent upon the line of sight velocity; and an uneven
sampling rate over time worsened by no time tagging.

This paper outlines some initial tests conducted with the total station on the University campus,
which included a trial with a moving monument and a metronome.   The total station was also
tested in a bridge environment and compared to results from a GPS antenna located close to the
prism.

2.  Technical Specifications and Software

The UoN own a Leica TCA 2003 total station.  The technical specifications for this instrument are
angle measurements are accurate to 0.5”, rapid tracking distance measurements are accurate to
10mm+2ppm, automatic target recognition up to 200m away adds an error of 1mm and the 360_
prism adds errors of 5mm in distance and 5mm for the angles (Leica Geosystems 2000).

A piece of software called Geocom provided by Leica Geosystems with the total station makes
displaying the angle and distance data to the screen of a laptop possible.  The total station is put
into Geocom mode and then all readings go directly to the laptop.  This software was tested and
modified slightly by the authors so that the angles, changed to output in radians rather than gons,
and distances, in rapid tracking mode, were output to a file along with a time tag.  The time tag
was accurate to a second and taken directly from the laptop.  Sub second time tagging was
investigated, but there was no success with this for the visual basic program.  After the
modification of the software, testing needed to be conducted with the total station.  When the total
station was in rapid tracking mode it could measure angles and distances approximately every
second, so at approximately a 1 Hz data rate.  Since it was not possible to know the time more
accurately than every second, the exact data rate could not be calculated.  It is known from
Radovanovic and Teskey (2001)  and from the experience of the authors that this data rate is
probably not constant.

3.  Initial Tests

Some initial tests were conducted on the University Campus to test the software and the total
station.  The first test took place on the 6th June 2002.  A prism was attached to a monument
which was forced to move up and down (see Figure 6 for a picture of the monument in a
subsequent experiment).  The amount that the prism could move up and down was measured and
the total movement was found to be 0.09m in the vertical direction and no movement in the
horizontal direction.  The total station in Geocom mode was attached onto the top of another
monument.  Four setups were carried out with the distance between the two monuments changed
at every setup (these distances were 12m, 22m, 40m and 60m).  The prism was moved up and
down a number of times at each setup and the results were recorded.

Figure 1 and Figure 2 show the vertical and horizontal movement of the prism as recorded by the
total station.  It can be seen that the vertical movement is 0.09m as expected and the horizontal is
about 0.004m.  Since there was very little or no movement in the horizontal direction the
measurement of 0.004m in that direction is attributed to the errors of the instrument.  The results
at all distances were similar, all showed a clear movement of 0.09m in the vertical direction and
the movement in the horizontal direction was always around 0.004m.  So, at this slow speed the
total station measured the movement well.
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Figure 1 Vertical movement of the prism at
a distance of 40m

Horizontal Movement at 40m
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Figure 2 Horizontal movement of the
prism at a distance of 40m

In the second experiment that occurred on campus a small sticky retro target was attached to the
hand of a metronome.  The metronome was made to move from side to side at various speeds,
120, 100, 80, 60 and 50 beats per minute.  These speeds corresponded to approximately 60, 50,
40, 30 and 25 horizontal oscillations per minute respectively, as there were 2 ‘beats’ per
oscillation.  The total station was set up about 14 metres away from the target.  For each speed
about one minute of data was collected.

Figure 3 and Figure 4 show the X coordinate and Y coordinate verses time for 80 beats per
minute.  The Y coordinate particularly shows an irregular pattern of movement, further
demonstrating the uneven sampling rate of the total station, as the movement of the metronome
was regular. Figure 3 shows a period of approximately 1 minute when measurements were taken.
The metronome was moving at approximately 80 beats per minute and so about 40 oscillations
should be seen in the X direction. Figure 3 shows 33 oscillations.  The weight of the retro target
caused the metronome to beat slightly slower than it would have done on its own, so 33
oscillations is a perfectly plausible amount.  However, in the vertical direction 80 beats per minute
should correspond to 80 cyclic movements up and down. Figure 4 only shows 26 oscillations
which does suggest that the total station did not pick up anywhere near all of the oscillations in the
vertical direction.  This did seem to imply that when the metronome moved faster than 1 Hz it was
too fast for the total station to be able to pick out all the movement.

X Coordinate Displacement Against Time
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Figure 3 X displacement verses time for
the metronome beating at 80 beats per
minute

Y Coordinate Displacement Against Time
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Figure 4 Y displacement verses time for
the metronome beating at 80 beats per
minute

The results for each metronome speed were similar to that shown in the graphs.  The X
displacement always showed clear oscillations of movement whereas the Y did not.  This results
was not too encouraging as it is known that the first natural frequency of the Wilford Suspension
Footbridge is 1.75 Hz (Dodson, et al. 2001).  It was now known that the total station could
measure up to about 1 Hz and show the displacement clearly; however, faster than that not all
oscillations were shown.





smaller bridges and would also remove the possible problem of the angles and distances not
corresponding to each other.

The main problem with the above method is whether the total stations are both measuring at the
same time.  Connecting the laptops to an external oscillator and/or a GPS receiver could be a
solution to this problem.  The uneven sampling rate of the total stations could cause problems for
this method.  Another problem is the accuracy to which the time can be known.  At present it can
only be known to the nearest second, which is not good enough for this application.  Both these
matters may be looked into in the future by the authors.
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