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To: T. Ahlborn, D. Harris, L. Sutter, B. Shuchman, C. Brooks, J. Burns 

From: H. (Kiko) de Melo e Silva, C. Brooks, J. Ebling 

CC: A. Endsley, D. Evans, R. Oats, K. Vaghefi, R. Hoensheid, C. Roussi, R. Dobson 

Date: April 14, 2011 

Number: 15 

Re: UPDATE – lab progress, structural modeling and remote sensing response correlation 

 

3D PHOTOGRAMMETRY 

The 3D photogrammetry investigation has been transitioning from lab testing to field 
demonstration in the last quarter. Validation was completed through the collection of high-
resolution three-dimensional information on bridge spalls and bridge deck surface condition 
using inexpensive, commercially-available digital single-lens reflex (DSLR) cameras such as the 
Nikon D5000 and the Canon EOS 7D.   

Cracks of different widths and depths were imaged to determine the minimum size the 
technology would be able to resolve. Figure 1a displays surface models of different cracks, each 
produced from multiple photographs taken at different angles and the resulting 3D point-cloud 
generated with the AgiSoft PhotoScan software. Each surface model was ported to ESRI 
ArcGIS as a Digital Elevation Model (DEM) in which the vertical information could be 
categorized on a pixel-by-pixel basis. The resulting images are shown in Figure 2a where each 
color represents an elevation change of two millimeters. 

While the models from PhotoScan are useful, they are improved by post-processing in ArcGIS 
due to the added value from categorizing the elevation information and producing derivative 
products such as elevation contours. Using the DEM to estimate different crack widths, it can be 
seen that the 0.125 inch crack was visible. 

Scaling and spalling of concrete (concrete loss or volume reduction) was also investigated using 
both image processing programs. Figure 3a shows a typical scaling/spalling problem found on a 
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concrete sidewalk which was, like the cracks, captured with the EOS 7D, pre-processed in 
PhotoScan, and post-processed using ArcGIS as shown in Figure 4a. 

    

Figures 1a & 2a: PhotoScan models of each crack and DEM of the same cracks shown in ArcGIS. 

                                                   

Figures 3a & 4a: Actual picture of sidewalk and DEM of spall. 

Each model’s points (pixels) can be grouped within an elevation range and the number used to 
calculate the area of that elevation range on the model, so given the number of points of a 
certain range, the overall area that is scaled or spalled can be calculated. The percent area that 
is scaled or spalled is simply calculated taking the total number of points per elevation range 
over the entire number of points for the image. 

Specifically, to calculate the area of spall in the model above any value below 1239.198 meters 
was taken as a scale using the point information from the histogram shown in Figure 5a.  This 
percentage was calculated to be 15.4 percent on the sidewalk model.  
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Figure 5a: Histogram of elevation points showing 10 ranges for sidewalk test. 

Figure 6a shows another picture that was collected over an asphalt-overlaid parking lot.  In 
addition to the PhotoScan model, the figure also displays the DEM, the deviations from the 
plane in ArcGIS, and the average deviations from the same plane. 

Classification of surface roughness and percentage of “deck out-of-plane” can be easily 
registered, cataloged, and compared not only for bridge decks, but for any highway surface. 

 

Figure 6a:  An example of a damaged surface converted into an overall indicator of condition 
based on elevation deviation and average deviation. 

To build from the work that has already been accomplished, a vehicle camera mount has been 
constructed to provide the necessary vertical offset (height above the ground) to collect data 
over one-lane’s width (~12 feet) per pass on a bridge deck for the creation of a 3D model of the 
surface. The vehicle mount fits in the bed of a pick-up truck and elevates the camera to a 
minimum of nine feet above the road surface as shown in Figure 7a.   
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Testing of this set-up has been completed in a parking lot and adjustments are being made in 
preparation for testing on the 6-Mile over US-23 bridge, where the most recent bridge inspection 
report is available for correlation purposes. 

 

Figure 7a:  Demonstration of close-range photogrammetry image collection system for bridge 
deck surface condition evaluation, currently undergoing further testing. 

Next Steps for 3D Photogrammetry 

 Test the vehicle-mounted elevated camera system on an example bridge, such as 
the 6-Mile over US-23 bridge. 

 Based on testing, make refinements to the camera mount system possibly designing 
a mount to accommodate two cameras and varying heights. 

 Prepare test data for integration into the Decision Support System (DSS) 
 Plan for the upcoming field demonstration due to take place in the summer 2011 

 
STREETVIEW-STYLE PHOTOGRAPHY 

During this past quarter the StreetView-Style Photography focus was set on improving the 
practical deployment of a low-cost GPS-tagged photo collection system.  The team's 
"BridgeViewer Remote Camera System" or RCS uses commercial digital cameras (such as the 
Canon PowerShot SX110 IS and the Nikon D5000) and sub-$500 GPS units to create a 
photolog-like inventory of bridge photos with geographic coordinates, allowing for easy viewing 
in existing GIS software such as ArcGIS or 3D globe viewers such as Google Earth.   
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The inspiration for this approach came from the inventory of street photography that has been 
made available by Google called StreetView. The practical extension of this concept for bridge 
condition assessment is the eventual deployment of a low-cost system for state and/or local 
DOTs to create a continuously-updated photo-record of a bridge. Recent efforts have included 
the attempt to increase the frame capture rate of the RCS; to take photos more frequently for 
the creation of a denser set of photographs which would allow for a more complete photo 
inventory to be generated, particularly when passing underneath a bridge at highway speeds. 

Figures 1b and 2b show an example of the points where photos were taken using the RCS 
when passing over the 6-Mile over US-23 bridge near Ann Arbor, MI with a link to one of the 
GPS-tagged photos processed using the commercially available GPS PhotoLink software.   

 

Figure 1b:  An example of a GPS-tagged photo inventory created when driving over the 6-Mile 
over US-23 bridge shown here using Google Earth Pro. 
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Figure 2b:  A GPS-tagged photo created when driving over the 6-Mile over US-23 bridge using the 
BridgeViewer Remote Camera System. 

While investigating the application of these high-density photo inventories, the value of user-
friendly visualizations was considered. The hardware necessary to collect a "gigapixel" (1,000 
megapixels) photo (see <http://www.gigapxl.org/> and <http://www.gigapan.org/>) was 
previously purchased (~$800) and a study investigating the usefulness of viewing large 
amounts of photos of a location through Microsoft's Photosynth software 
<http://photosynth.net/> was performed. A fixed collection of photos was processed into a single 
110 megapixel equivalent photo; the most recent hardware version is available for $895 at 
<http://www.gigapansystems.com/>.   

These types of high-resolution photos could be taken easily and rapidly whenever a DOT needs 
to create a photo-based inventory of a bridge and use it to help compare changes over time.  
The Photosynth results are available at <http://photosynth.net/view.aspx?cid=260692da-9e0a-
4d2d-bdec-a63776a7ab6b> and/or <http://bit.ly/dHWk2N>. 

What’s next for StreetView-Style Photography 

 Refining the RCS to work at closer to highway speeds 
 Refining the RCS to be able to take a frequent-enough series of photos to capture 

the underside of a bridge 
 Demonstrating integration of the RCS, gigapixel, and Photosynth views of bridge 

data into the DSS 
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THERMAL INFRARED 

Further Thermal Infrared (ThIR) testing has been done on the 80x45x9 (inches) slab prepared 
and reported on previously. This nine inch thick slab approximates the actual thickness of a 
bridge deck, providing a better representation of heat flow through concrete decks. The ThIR 
camera used in this experiment (FLIR SC640) was the same camera used in previous tests 
(see technical memorandum no 11). Figure 1c shows the plan layout of the slab with simulated 
defects. 

                                 

#11#10#9#8#7#6

#5#4#3#2#1

#1: 6"x6"x¼” Styrofoam located at 1 inch from the top surface
#2: 6"x6"x¼” Styrofoam located at 3 inch from the top surface
#3: 6"x6"x¼” Styrofoam located at 5 inch from the top surface
#4: 6"x6"x¼” Styrofoam located at 7 inch from the top surface
#5: 6"x6"x¼” Styrofoam located at 9 inch from the top surface
#6: pop can located at 9 inch from the top surface
#7: cardboard located at 7 inch from the top surface
#8: Plywood located at 5 inch from the top surface
#9: Surface scratch located at the top surface
#10: 0.7 mm plastic sheet located at 1 inch from the top surface
#11: pencil located at 1 inch from the top surface

 

Figure 1c: Concrete test slab layout showing 11 different types of defects and/or problems. 

The test procedure was similar to what was done in the previous quarter. The slab (see Figure 
2c) was placed outside and was brought in the lab, which had a higher temperature than the 
outside, and ThIR images were taken inside as the specimen warmed up.  Figure 3c shows the 
ThIR image taken after 3.5 hours. Lab temperature was around 69.4 degrees Fahrenheit with a 
relative humidity of 6.8 percent. Defects numbers one and two were shown as hot areas on the 
image. Comparing the temperature results between similar defects in different levels show that 
defects located three inches below, or closer, to the top surface are more likely to appear as ‘hot 
areas’ on the ThIR image. 

Determining the percentage of delaminated areas is one of the objectives of this study and will 
provide valuable input for the DSS. During the data processing, it was determined that taking 
ThIR images at a normal angle (camera perpendicular to the slab) will provide more accurate 
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results. In fact, viewing the slab from any other angle will reduce the number of pixels on the 
slab. 

         

Figures 2c & 3c: Normal (optical) image and ThIR image of the nine inches thick slab after being 
warmed up for 3.5 hours inside the laboratory. 

ThIR tests on slab CD (see technical memorandum no 11) were repeated with a new lab setting 
to take perpendicular images.  Also, noise reduction was turned off on the camera in order to 
collect raw data. Figures 4c and 5c show the test set up for taking perpendicular images. The 
plan layout and size of this specimen was attached in technical memorandum no 5. 

                                  3 0 °

C o n c re te  S la b

T h e rm a l IR  
c a m e ra

 

Figures 4c & 5c: ThIR lab test set up showing camera and slab perpendicular to each other. 

Two approaches were taken to calculate the percentage of delaminated areas. The first one 
was using the FLIR ThIR software to draw the box around the hot areas and count the number 
of pixels within the box. The percentage of delaminated area in this test was determined by 
using the formula below. 
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Number of pixels within the hot area

Percentage of delaminated areas   x 100 
Number of pixels within the slab

  

The second approach was saving the data as a comma-separated value file and using an MS 
Excel spreadsheet to count the number of pixels. In this test, the spreadsheet was set up to 
highlight and count the number of pixels within a specific temperature range that best shows the 
delaminations. One error that appeared in this test was the effect of the thermal gradient from 
the slab’s edges which makes it difficult to assign a pixel to the outer most delaminated areas.  
Test results are shown in Figures 4c and 5c.  The percentage of delaminated areas can be 
calculated by using the same equation as the first method as shown in Table 1c. 

     

Figures 4c & 5c / Table 1c: Results of calculating the percentage of delaminated areas on the 
concrete slab using three different methods. 

Previous studies on ThIR applications for bridge deck assessment show that the most suitable 
time for collecting the data is a few hours after sunrise.  Another experiment was performed to 
compare ThIR images at different times of the day. The camera used for this experiment was a 
handheld FLIR i7.  

Slab CD was placed outside during the night and ThIR images were taken the next day between 
one and three hours after sunrise during a very sunny day. Figures 7c, 8c, 9c, and 10c show the 
results of this experiment. 

Percentage of Delamination

Actual Software  MS Excel

1.78 1.61  1.84
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Figures 7c & 8c: Comparing ThIR images of the concrete slab at 8:18am and 10:59am. 

                                                       

Figures 9c & 10c: Comparing ThIR images of the concrete slab at 8:18am and 11:00am. 

Next Stesps for Thermal Infrared 

 Collecting delamination data at various depths down to around five inches 
 More involved data post-processing to obtain clearer images, including a focus on 

algorithm development for use in processing results appropriate for use in the DSS 
 Collecting ThIR images at highway speeds 
 Determining the factors that can influence the data collection and results 
 Determining the best way to transfer the data/results to the DSS 
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DIGITAL IMAGE CORRELATION 

Digital Image Correlation (DIC) has been investigated for its application toward bridge condition 
assessment measurements of dynamic and static bridge behavior. This technique involves 
taking high-resolution digital images using the selected Canon EOS 7D DSLR and using 
computer algorithms developed in MATLAB to process the images.   

To date, there has been much investigation in the laboratory to measure dynamic and static 
bridge behavior associated with bridge global-metrics.  Preliminary testing involved compression 
tests on bridge pylons (concrete-filled pipes) to determine correlation between optical images.  
An 18 inches tall section of a bridge pylon (Figure 1d) was placed in a compression-testing load 
frame and was subjected to a force of over 1,000 kip. The camera captured images at a ~12 
inches standoff distance. In the analysis, the MATLAB software divided each image into a grid-
of-grids; the sub-grids were then compared between images. Figure 2d shows the displacement 
field of the defined sub-grid on the images versus X- and Y-positions. Figure 3d shows the 
determined raw strain in the X-position found using the computer software. These measured 
values can be fine-tuned further by the specification of areas-of-interest on the images 
themselves. 

 

Figure 1d: Section of a bridge pylon (concrete-filled pipe) in load frame compression test. 
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Figures 2d & 3d: Results of the compression tests for the bridge pylon. 

Additional analysis of the digital image correlation technique involved looking at vertical 
displacement in comparison to the rotation of a specimen. A blue Styrofoam board sprayed with 
a random black and yellow pattern was tested focusing on movement, in particular, the 
displacement in both the X- and Y-directions (rotation about the Z-axis).  The camera was 
placed ~two feet from the board which was subjected to rotation of around four degrees 
counter-clockwise.  The images were post-processed in MATLAB and the computed results 
compared with the actual movement of the blue board about the Z-axis.  Figure 4d shows the 
foam board and Figure 5d shows the measured displacement field results from the fully-rotated 
image.  Additional post-processing techniques can reveal more defined results such as 
displacements within two specified markers from one image to the next.   

      

Figures 4d & 5d: Pictures of the Styrofoam board (showing direction of rotation) and its measured 
response. 
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To further understand flexural behavior, a simple flexure test was also conducted using a “two-
by-four” wood specimen with a distinct surface pattern. In these tests, the viewing angle was 
varied (in both X- and Y-directions) to test the capabilities of this process.  Variations in the 
software and camera settings were also explored.  Figure 6d shows the wood specimen in the 
experimental setup with the flexure point in the center of the photograph. Additional 
investigation of these distances in relation to detection measurement will be correlated and 
examined.   

 

Figure 6d: Picture of “two-by-four” wood specimen in testing machine. 

Next Steps for Digital Image Correlation 

 Additional post-processing will be completed on pictures to extract specific data from 
the image sets   

 Continuation of flexure tests to ensure mobile flexibility with the camera and a 
comparison to field testing; various standoff distances and angles  

 Testing of specimens in the structural self-reacting load frame in which distances and 
angles to the testing specimen can be manipulated for measurement detection 

 Consideration of how results could be included in the DSS 
 Correlation technique will be verified with finite element modeling using ANSYS (see 

Structural Finite Element Modeling section) 

SYNTHETIC APERTURE RADAR 

Prior to the field demonstration, a radar experiment involving a box beam is planned. One such 
box-beam, leftover from a bridge being demolished due to its poor condition, has been 
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identified. Access to the Silverbell bridge beam no 12 (center beam) was acquired at one of the 
yards of the Oakland County Road Commission in southeast Michigan (see Figure 1e). 

Contact with this box-beam highlighted the need for making measurements on ‘good structures’ 
and ‘bad structures’ (both with known defects) in order to be able to make quantitative 
assessments of condition. The box-beam not only provided an appreciation for the types of 
structures to be measured it also granted insight into the concept of operations for the field 
implementation. 

Better calibration of the radar was also emphasized in Q5. Compensating for fluctuations in 
magnitude over frequency was found to be straightforward and will be implemented and tested 
using existing data. Phase linearity of the commercial Akela radar was found to be very good, 
but will primarily depend on the antenna phase response and the stability of the translator; 
characterization of the phase response for a few selected antennas with linearity correction are 
underway. While correcting for the phase non-linearities in the system should result in better 
focusing of the image products, it will be largely impossible to completely remove phase 
perturbations due to instability in the translator. The radar is especially sensitive to motion in the 
range dimension. If performing tests at higher frequencies is desired the translator would need 
to maintain accuracies consistent with the smaller wavelengths. 

 

Figure 1e:  Silverbell bridge box-beam saved for radar sensing work by the Oakland County Road 
Commission after the bridge was recently removed from service due to poor beam condition. 

Due to the need for developing future field operations, focus was directed on analyzing the 
methods for making the field measurements more extensively, and on designing a better 
implementation of the imaging radar system. This has resulted in what is a rather novel method 
for collection of bridge deck surfaces using a 2D scanning approach and taking advantage of 
the known geometries for resolving ambiguities in the measurements. This method has a very 
desirable concept of operations (con-ops) that could possibly be extended to deployment on 
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board an Unmanned Aerial Vehicle (UAV) which could result in an extremely safe, cost-effective 
means of bridge deck assessment. 

Using this approach, the radar antennas would be scanned along a linear track with a 2D 
range/cross-range image formed using the same range migration algorithm used for the lab 
experiments. The antennas would be located above the deck of the bridge, pointing down at the 
deck at an angle that would minimize the surface return to the radar, thus enhancing sensitivity 
to subsurface features. Note that surface defects would still be visible to the radar. 

This method of collection has the potential advantage that the radar could eventually be 
mounted on the side of a vehicle and image a lane while driving in an adjacent lane. The 
vehicle's motion would provide the requisite translation for the 2D imaging. As mentioned 
previously there is a possibility of mounting the radar on an UAV to allow for more efficient data 
collection, at least for non-covered/obscured bridges. An experiment plan was developed for 
field experiments to attempt to validate the approach. A concern has been finding an area with 
no defects to image, then causing a known defect and patching it, while leaving subsurface 
defects. The area would then be re-imaged to determine if the subsurface features are visible.   

A preliminary analysis of the box-beam was conducted but due to the geometries involved, a full 
3D image would be required.  In order to do this, an accurate 2D translator would need to be 
procured. Also required would be a ‘known good’ beam to image. The ‘known bad’ beam has 
been identified (the Silverbell box-beam) and an investigation is currently underway to ascertain 
if the components of a 2D translator with the requisite accuracy can be assembled 
economically.  

Next Steps for Synthetic Aperture Radar 

  Improve calibration of the radar/antenna and apply frequency response correction 
 Conduct 2D imaging experiment in a controlled field test to investigate efficacy of 

technique to bridge deck evaluation 
  Measure phase response and apply correction as necessary 
  Evaluate efficacy of implementing 3D imaging apparatus and imaging of box beams 
  Schedule/make measurements of both a pristine box-beam and one with defects 
  Consideration of how results could be represented in the DSS 

FINITE ELEMENT ANALYSIS MODELING 

Finite Element Analysis (FEA) modeling is being used to simulate structural response to 
loading, particularly those related to the multi-directional, global-level responses related to 
bridge movement. For these tests, a finite element model of Michigan Tech’s structural facility’s 
self-reacting load frame has been created in ANSYS Structural to appropriately calibrate the 
testing environment for sample steel I-beam and W-shape specimens (see Figures 1f and 2f). 
The testing frame has been under review and configurations are being finalized for the testing of 
specimens under given loads to further collaborate with the finite element analysis model. 
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The FEA model of the frame has been evaluated under simulated loading for comparison with 
conventional loading frame measurements as demonstrated in Figures 3f and 4f. Sample 
outputs of this simulation detail global system responses such as displacements, stresses and 
strains as expected in this global behavior analysis. 

Additional configurations of the FEA model are continuously implemented to maintain an up-to-
date emulation of the structural frame. The laboratory tests will also be used as a test bed for an 
expanded feasibility study particularly on DIC testing as reported in the schematic process in 
technical memorandum no 12. Ideally, these structural simulation studies will enable progression 
toward full-scale bridge finite element simulation that will be used as part of the field 
demonstration phase.   

 

Figures 1f & 2f: Blue-print layout and picture of structural self-reacting load frame. 

   

Figures 3f & 4f: Finite element model creation of the structural facility’s loading frame; measured 
responses of displacement and strains are shown under simulated loading. 



                                                    Transportation Institute 

 

TM#15 ‐ 17 

 

Next Steps for Structural Finite Element Modeling 

 Continued configurations will be implemented to the FEA model to maintain an up to 
date emulation of the structural frame   

 FEA modeling simulations in comparison with structural frame load tests in detection 
of displacements, strains, and other global systems responses 

 FEA modeling of the selected bridge structures that will be tested in field 
demonstrations of remote sensing technologies 

 Create a test bed for an expanded feasibility study on digital image correlation 
technique 

REMOTE SENSING RESPONSE CORRELATION 

A report with updates of the response correlation of the various remote sensing techniques and 
the respective data can be found in technical memorandum number16 being submitted together 
with this technical memo in the Q5 report.  This will be a major focus over the next quarter. 


