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In order for the vehicle to travel at near highway speeds, a camera with a higher frame rate to 
maintain overlap as well as a fast shutter speed to reduce motion blur was required. As shown 
in Table 1, a camera with a similar field of view to the Nikon D5000 would have to take an image 
every 3.2 ft along the deck for the necessary overlap. To do this, a camera would need to have a 
sustained frame rate of at least 22 fps. The resolution also needs to be at least 12 MP not only 
to achieve the same results as previously but also to ensure that the imagery contains enough 
detail for 3D reconstruction. 
 
Traditional DSLRs are not capable of the continuous high frame rate necessary for this type of 
analysis. For example, a DSLR with a similar field of view (FOV) to the D5000 shooting 
continuously at 10 fps will only allow for a max vehicle speed of 22 mph. Since DSLRs are not 
capable of continuous shooting at more than 10 fps, a different camera system was required. 

Background 
The 3D Optical Bridge-evaluation System (3DOBS) was  developed under a USDOT-RITA project 
aimed at investigating various remote sensing techniques to assess the condition of bridge decks. 
By collecting overlapping imagery of a bridge deck a DEM (Digital Elevation Model) can be 
generated and condition information (spalls and cracking) is assessed. In order to generate a 3D 
model it is necessary to take overlapping imagery where the overlap is greater than 60%. This 
allows for a single feature on the ground to be represented in at least two successive photos. 
DEMs were produced using Agisoft PhotoScan which requires little user input. An algorithm was 
developed to automatically detect spalls using the DEM. 
The original version of 3DOBS utilized a Nikon D5000 Digital Single-Lens Reflex (DSLR) camera 
(Figure 1). With a resolution of 12.3 MP this camera was capable of taking photos at a rate of one 
frame per second (fps). With a horizontal field of view of 12 ft, which captures a full lane width per 
pass, the vehicle was limited to a speed of less than 2 mph. As  a proof of concept this system 
proved to be able to collect the necessary imagery for the generation of 3D models and 
subsequent condition assessment. 
The new task under the current MDOT funded bridge condition project is to take this existing 
system and make upgrades that would allow it to operate at near highway speeds (45 mph). This 
will be done by upgrading the camera along with the vehicle mount to provide greater stability at 
higher speeds. Camera upgrades will be mainly focused on providing higher frame rates which 
would allow for the necessary overlap while allowing for greater vehicle speed. 

USDOT 3DOBS Outputs 
Imagery collected with 3DOBS were used to generate orthoimages and Digital Elevation Models 
(DEMs) of the bridge decks as well as a shapefile of spalls that was detected using a spall 
detection algorithm. With the resulting orthoimage and DEM having a resolution of 5 mm, 
spalling could be easily mapped. 

Investigating Camera Upgrades RED Epic Demonstrations 
The RED Epic has been deployed at bridges in Grand Rapids and Chelsea, MI (Figure 4). The 
ability of the technician to see the imagery being collected proved useful to ensure that the 
entire lane was  within the field of view of the camera (Figure 5). This resulted in the collection 
of overlapping imagery at vehicle speeds of at least 45 mph (Figure 6). At 60 fps, a single point 
on the ground is represented in 8 overlapping frames. Due to the fast shutter speed, motion 
blur was minimized during collects and resulted in clear imagery for processing. 
  
 

Next Steps 
The imagery collected is currently being processed to generate the ortho image and DEMs. 
Further analysis will be conducted on the DEM to automatically extract out and characterize 
spalling for both bridges. This will improve the available data to the inspectors and also 
provide objective and repeatable statistics on spalls on the bridge deck that would help in 
understanding the rate of deterioration. Calculations will be made of their area and volume 
as well as a shapefile of their locations. 

Figure 1. The original 3DOBS setup with a Nikon D5000 mounted on 
a vehicle during a collect  

Figure 2. An orthoimage and DEM of a bridge deck that was generated from 3DOBS imagery (A 
and B). The spall detection algorithm is used to generate a shapefile of the location of spalls.  

Table 1. Calculations made to determine the frame rate needed to achieve a 
vehicle speed of 45 mph. 

Table 2. Table showing the various cameras looked at as potential upgrades for 3DOBS.  
The most important factors were frame rate and resolution. 

Figure 4. RED Epic camera being deployed at a demonstration site. This vehicle mount 
was designed to hold the Epic as well as BridgeGuards thermal camera. 

Speed (mph) Speed (fps) Distance Between  
Shots (f) 

Frame Rate  
Needed (fps) 

1 1.47 3.2 0.46 
5 7.33 3.2 2.29 

10 14.67 3.2 4.58 
15 22.00 3.2 6.88 
20 29.33 3.2 9.17 
25 36.67 3.2 11.46 
30 44.00 3.2 13.75 
35 51.33 3.2 16.04 
40 58.67 3.2 18.33 
45 66.00 3.2 20.63 
50 73.33 3.2 22.92 

Manufacturer Model Resolution (MP) Price (USD) Max FPS V-MAX (mph) 
Nikon D5000 12.3 $629.95 4 8 
Nikon D5100 16.3 $849.95 4 8 
Nikon D90 12.3 $899.95 4.5 9 
Nikon D7000 16.2 $1,199.95 6 13 
Nikon D300s 12.3 $1,699.95 7 15 
Nikon D700 12.1 $2,699.95 5 17 
Nikon D800 36.3 $2,999.95 4 8 
Nikon D3S 12.1 $5,199.95 9 19 
Nikon D3X 24.5 $7,999.95 5 10 
Nikon D4 16.2 $5,999.95 10 21 
Canon EOS Rebel T3 12.2 $549.99 3 6 
Canon EOS Rebel T2i EF-S 18 $699.99 3.7 8 
Canon Eos Rebel T3i EF-S 18 $849.99 3.7 8 
Canon EOS 60D 18 $999.99 5.3 11 
Canon EOS 7D 18 $1,699.99 8 17 
Canon EOS 5D Mark II 21.1 $2,499.00 3.9 8 
Canon EOS-1D Mark IV 16.1 $4,999.00 10 21 
Canon EOS-1Ds Mark III 21.1 $6,999.00 5 10 
Canon EOS-1D X 18.1 $6,800.00 12 26 
RED Scarlet-X 14.3 $9,700.00 30 65 
RED Epic 14 $34,500.00 120 261 

 After careful analyses of the potential camera to upgrade 3DOBS, the RED Epic was selected 
(Figure 3). This decision was based on its high frame rate (60 fps), fast shutter speed (1/8000 
sec) to reduce motion blur and it s ease of use while mounted to a vehicle. The Epic comes 
with options that include a touch screen LCD that enables technicians in the vehicle to see 
the imagery being collected as well as change camera settings.  

Figure 3. RED Epic camera selected as the 3DOBS upgrade. 
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Figure 5. Live view feed in the vehicle of imagery being collected. 

Figure 6. Overlapping frames that have been collected using the Epic at 45 mph. 
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