
The State of Michigan (USA) is 
surrounded by the largest source 
of fresh water in the world, the 
Great Lakes. Lakes Superior, 
Michigan, Huron, Ontario, and Erie 
play tremendous environmental 
and economic roles, and are of 
vital importance to Michigan and 
the United States in terms of 
shipping, fishing, tourisim, and 
a clean water source. Between 
the Great Lakes, their associated 
watershed, and the State’s 
extensive highway system, there 
are also a significant number of 
highway bridges that require service, 
maintenance, and reconstruction 
in order to ensure and maintain 
safety to the motoring public. 

During the 1960’s and 1970’s, a 
significant highway construction
effort took place in the State of 
Michigan. As time was of importance 
to open up routes of commerce to 
the far reaching areas of the State, 
many of these structures were built 
on spread footings, sometimes on 
less then desireable ground. Over 
time and millions of vehical crossings, 
these bridges need to be reconstructed 
to support the larger loads of 
semi-trucks and increased vehical 
traffic. As is the case with any 
critical traffic structure, it is most 
desireable to safely perform as 
much work as possible on the 
bridges without interrupting traffic 
flow. In order to ensure that 
construction activities around a 
bridge do not comprimise the 
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A temporary bridge being monitored while work is completed on the rebuilding of the 
permanent bridge.



structure, the Michigan Department 
of Transportation (MDOT) has 
implemented the Leica GeoMoS 
Monitoring software system and 
Leica TS30 total stations. This 
system allows highway engineers 
to constantly verify the stability of 
the structures and provide instant 
updates in the event of any unforeseen 
movements or changes.
Under the direct supervision of Mr. 
Shawn Roy, P.S., Chief Monitoring 
Surveyor of the MDOT / Design 
Survey Division (Lansing, Michigan), 
many bridges over the past two 
years  have been successfully 
recontructed under the watchful 
eye of Leica TS30 Total Stations’ 
Automatic Target Recognition (ATR) 
and GeoMoS Monitoring Software. 

Long-standing Positive Experience 
with Leica Geosystems
MDOT is no stranger to the high 
quality and precison of Leica 
Geosystems total stations, digital 
levels, and GNSS receivers. They 
currently utilize a massive fleet of 
Leica Geosystems instrumentation, 

as well as maintain the Michigan 
Spatial Reference Network (MSRN), 
consisting of nearly 100 Leica 
GRX1200 Pro GNSS receivers and 
Spider Software. MDOT has longsince 
established  itself as a worldwide 
leader in the application of Leica 
Geosystems hardware and software, 
and continues to provide the tax 
paying citizens of Michigan with the 
most productive and precise 
measuring technology available on 
the planet.   

Economic Benefits of Structural 
Monitoring
While the mighty Mackinaw Bridge 
is probably the State’s most iconic 
bridge, Michigan also has thousands 
of smaller bridges, associated with 
their tens of thousands of miles 
of public roadways in their state 
highway system. As is the case with 
any physical structure exposed to 
the elements of a harsh winter 
environment, eventually these 
bridges require maintenance or 
replacement. Most certainly, the 
ideal case in a bridge reconstruction 

would be to close the bridge to all 
traffic, perform the reconstruction, 
and then open the new structure 
to vehicle traffic. Unfortunately, a 
complete bridge closure has a 
massively negative impact on local 
commerce. As the State of Michigan’s 
economy is greatly driven by the 
agriculture (getting crops to market), 
automotive (getting parts to factories), 
and tourism (getting people to 
the state’s many great vacation 
destinations) industries, shutting 
down a bridge can easily cost 
millions of dollars in lost commerce, 
as well as inconveniencing everyday 
citizen travel and increasing traffic 
on auxiliary roads that may not be 
designed for such loads. The cost of 
bridge closure is computed by the 
engineering staff at the Michigan 
Department of Transportation using 
a standard numerical study resulting 
in a User Delay cost. 

Economic Benefits of Structural 
Monitoring
As a result of the Leica GeoMoS/ 
Leica TS30 monitoring system a 
bridge reconstruction can take place 
with minimal bridge closure and t
raffic delays. Obviously, keeping 
traffic moving on a bridge under 
construction carries larger risk it 
is absolutely critical to provide 
continuous, absolute measurements 

Benefits
-  Real-Time 3D Monitoring
-  Easy Monitoring Configuration
-  Effectiveness of measuring 
 real-time deformation
-  Robust sensors suitable for 
 permanent monitoring
- Bridge Safety
- Preventing catastrophic failure
- Minimizing road closures during  
 maintenance and reconstructions 

Small bridges: just as important as big bridges



of the existing structure in real-time 
while reconstruction work is performed. 
The Leica GeoMoS system with Leica 
TS30 total stations has proven to be 
exactly “what the Doctor ordered”for 
this scenario. When fully implemented 
on a bridge reconstruction, all of 
the critical project engineers can 
monitor the structure to be sure 
there is no unnecessary movement, 
thereby preventing catastrophic 
failure. In the event there is any 
abnormality relating to the structural 
stability, the appropriate personnel 
are immediately notified via text 
message, e-mail, or the web interface 
on their mobile device and can 
quickly analyze the real-time 
measurement data and make an 
informed decision as to the project’s 
course of action.

Small Bridge Monitoring: 
A Tactical Approach
Although the typical bridge monitoring 
project takes place over a relatively 
short period of time (4-6 months), 
the security that the Leica GeoMoS 
system provides is immeasurable for 
project engineers and surveyors. The 
cost savings however, are very real. 
As has been the case in the past 
when a complicated reconstruction 

is in progress, a conventional 
surveying crew must be on site 
every day to provide measurements 
relating to the stability of the struc-
ture. The full implementation of a 
Leica GeoMoS monitoring system, 
with Leica TS30’s spinning the data 
streams 24/7, eliminates the need 
of a costly surveying crew on site 
day after day, and also ensures that 
any movements that might occur 
when the surveying crew is absent 
will be duly recorded.

The Leica GeoMoS/TS30 installations 
for an MDOT Bridges depend on many 
variables, including the extent of 
repairs (or in some cases, replacement), 
length of project, and the critical 
points of measurement as defined 
by the project engineer. In all cases, 
a concrete pillar 6 ft deep and 12 
inches in diameter is installed in 
view of the predetermined prism 
locations. It is critical to establish 
the instrument station out of the 
direct work area in order to prevent 
potential obstructions between the 
instrument and its target prisms, as 
well as ensuring instrument stability. 
The configuration of the target 
prisms on the bridge is always 
determined by the Project Engineer 

in discussions with the Chief Surveyor 
to make sure that all of the critical 
areas of potential movements are 
sufficiently monitored.

Reliable Wireless Data Coverage
Michigan is blessed with reasonably 
stable wireless web coverage in 
populated areas and along the state 
highway system. As a result, the 
connection between the modem 
attached to the Leica TS30 and 
the Leica GeoMoS software server 
can be reliably established via the 
wireless web. On all of the projects 
completed in Michigan to date, 
there has been no data lost due to 
connectivity between the on-site 
modem and the server where the 
Leica GeoMoS software is installed. 
Certainly, the logistics of a successful 
and reliable monitoring project 
would be significantly greater (and 
more expensive) without access to 
reliable wireless data coverage.

Secure Installation of the 
Monitoring System
Security is also a concern, since Leica 
GeoMoS monitoring instrumentation 
is left on-site 24/7, unattended, 
especially during off-construction 
hours. In order to keep potential 
thieves at bay, the Michigan 
Department of Transportation has 
designed theft-proof semi-portable 

“The ability to perform real-time 
monitoring in absolute 3-D via 
Leica GeoMos Software and the 
Leica TS30’s has revolutionized 
how we look at highway bridge 
reconstructions in the State of 
Michigan and provides our Project 
Engineers and Surveyors with 
added confidence to ensure the 
safety of the motoring citizens 
of the great State of Michigan, 
while providing significant cost 
savings in survey crew man-
hours.” 
-Mr. Shawn Roy, P.S. / Chief 
Monitoring Surveyor / Michigan 
Department of Transportation.
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equipment enclosures. The TS30 is 
mounted solidly onto the concrete 
instrument pillar and the theft-proof 
box containing the power supply, 
solar panels, inverter, and modem 
is lowered over top of the instrument. 
The original design plan of the 
innovators of this theft-proof setup 
(Mr. Andrew Semenchuk, P.S., and 
Mr. Shawn Roy, P.S.) called for a 
curved Plexiglas housing around the 
outer shied. However, upon testing, 
it was de-termined that the curved 
surface resulted in poor measurement 
accuracy to the prisms. The Plexiglas 
was removed so the instrument has 
an unrestricted view of the prisms. 
The theft-proof enclosure, even 
without the Plexiglas, eliminates the 
ability to remove the instrument 
from its mount and has been proven 
to be very effective in maintaining 
security.

As the Michigan Department of 
Transportation has perfected the 
TPS bridge-monitoring procedure 
for low frequency / high-precision 
bridge projects, they are currently 
looking to extend the capability of 
their existing Leica GeoMoS processing 
and analysis package to explore the 
utilization of GNSS sensors for 
applications where higher frequency 
(20+ Hz) may be required to facilitate 
project needs. The ability of both 
TPS and GNSS data to be combined 
simultaneously has a multitude of 
existing applications and opens the 
door to even more possibilities 
for ensuring the safety of future 
monitoring projects.  

Productivity and Cost Savings
The Leica GeoMoS Monitoring 
Software, in conjunction with Leica 
TS30 total stations, is most certainly 
the most effective combination of 
safety, productivity, and cost savings 
for structural monitoring. Even the 
smallest country road bridges can 
directly result in User Delay fees 
of $12,000 per day if closed to 
vehicular traffic. Larger interstate 
highway bridges can easily cost 
hundreds of thousands of dollars 
to close. Therefore, in addition to 
increasing the safety of everyone 
involved in these projects, the 
ability to minimize road closures 
during maintenance and reconstructions 
directly results in cost savings to the 
tax payers of Michigan.

Chief Monitoring Surveyor, Mr. Shawn Roy, P.S. inspects a monitoring station with a 
Leica TS30 situated on an IBEAM driven into the ground.


