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1.0 INTRODUCTION 

Bridge inspection is a key component in bridge safety and management. Presently, using 
conventional methods to collect and archive field data for the evaluation of structures is often 
subjective and very time consuming. Efficient and economical visual inspection techniques are 
needed to improve quantitative field data collection and increase inspection production time. 
This is particularly true for gusset plate connections, which have become a recent focus of 
transportation agencies after the collapse of the I35W Bridge in Minneapolis, MN in 2007. 

Visual inspection methods are beginning to deploy supporting technologies (McCrea et al. 
2002). One such technology is digital image processing, which has been utilized in various areas 
in civil engineering. Several researchers implemented digital image technologies for assessment 
and inspection of steel, concrete and reinforced concrete structures. Although using digital image 
processing to detect a crack on a concrete surface is difficult due to voids, blemishes, shades and 
shape of the cracks, it attracts broad interest and has been studied by several researches such as 
Ito et al. (2002), Dare et al. (2002), Hutchinson and Chen (2006), Fujita et al. (2006), Yamaguchi 
and Hashimoto (2006), Sinha and Fieguth (2006), Yamaguchi et al. (2008), Yamaguchi and 
Hashimoto (2009). 

Lee and Chang (2005) used digital image processing for the assessment of rust defects on steel 
bridges. Liu et al. (2006) utilized image processing methods to detect rivets for aircraft lap joints 
and recently, Higgins et al. (2010) has used digital image processing to enable rapid and accurate 
collection of field measurements of gusset plates.  

In the paper by Higgins et al. (2010), close-range photogrammetry techniques were used to 
rectify field collected images taken with consumer grade cameras to produce metrified 
orthographic photos of gusset plate connections. Flat field lenses were used in order to minimize 
the effect of barrel distortion and/or pin-cushion. While these methods provide improvements in 
the amount and quality of geometric data obtained from gusset plates, improvements are reported 
here that allow the use of fisheye lenses and stitching together of multiple images. These 
enhancements are useful since images are most often taken by climbing on the structure or from 
a snooper. In these cases, it is sometimes difficult to capture the whole gusset plate in one picture 
with a short focal length lens at close distance. Furthermore, sometimes due to the obstacles such 
as another gusset plate, floor beam, lateral bracing, utility pipe etc., as shown in Fig.1.1a; it is 
impossible to capture the whole gusset plate in one picture with a flat field lens. For these cases, 
a fisheye lens can be utilized to capture a large part of the structure with short focal lengths as 
shown in Fig.1.1b. Alternatively, the entire gusset plate can be created from separate images of 
parts of the connection by stitching the individual images together to create a composite image. 
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b) a) 

Figure 1.1: An image of a gusset captured by a) flat field lens b) fisheye lens. Note the downspout obstruction 
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2.0 OBJECTIVES 

The objectives of this study were to: 

1) Develop methods to convert fisheye images to perspective images (defish) so that the 
converted images can be used in rectification and metrification procedures as described 
in Higgins et al. (2010). 

2) Develop methods to stitch together partial images of a gusset plate into a composite of 
the complete gusset plate so that the converted images can be used in rectification and 
metrification procedures as described in Higgins et al. (2010). 

These methods are described in the subsequent sections, and appendices are provided that guide 
a user through the implementation process. 
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3.0 FISHEYE IMAGES 

Fisheye lenses are lenses that can provide wide field of view with a very short focal length. 
These lenses can be used to capture 180o or larger field of view with a single camera, from one 
stationary point and at a single moment (Abraham and Forstner 2005). Compared to the real 
panoramic cameras, they are cheap and can be combined with conventional cameras (Schneider 
et al. 2009).  

In fisheye projection models, generally a sphere is projected on a plane and depending on their 
projection geometry, they can be classified in four different categories: Equidistant Projection, 
Equisolid-angle Projection, Othographic Projection and Stereographic Projection (Ray 1994).  

 
An object in space can be described in the camera coordinate system as ( , , )x y z and the same 
object can be described in the image coordinate system as ( ', ')x y  where x and y axes and x’ and 
y’ axes are parallel. Using this notation, the incidence angle,  , image radius, , and the 
mapping function of an undistorted perspective image can be written as (Schneider et al. 2009): 
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where is the principal distance of the undistorted perspective image. Using Eqs.3-4 (1c ', ')x y can 
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Utilizing Eq.1, 3; ( ', ')x y can also be written as: 
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For the undistorted fisheye projection models, the mapping functions and the projection 
equations can be written (with correction parameters ignored) as (Schneider et al. 2009): 
 
Equidistant Projection: 
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Equisolid-angle Projection: 

 2' 2 sin( )
2

r c


  (9) 

 

2 2

'
2 2 2

2 2

'
2 2 2

1
sin( arctan( ))

22

1

1
sin( arctan( ))

22

1

x y

zx c
y
x

x y

zy c
x
y




   
 




 

 
 

 (10) 

6 



Orthographic Projection: 
 2' sin(r c )  (11) 
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Stereographic Projection: 
 2' sin(r c )  (13) 
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3.1 DEFISHING EQUATIONS  

In order to convert fisheye images to perspective images, fisheye images are assumed to be 
undistorted (correction parameters are ignored). For different fisheye projection models, fisheye 
projection equations were mapped to perspective image coordinates using real world image 
coordinates and Eqs. 5-14 as: 
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Equidistant Projection:  
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Equisolid-angle Projection: 
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Orthographic Projection:  
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Stereographic Projection:  
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Using Eqs.15-18, a Matlab image processing program was written. The test images were 
collected by a Nikkon D300 camera with a Nikkor 10.5 mm lens which uses Equisolid-angle 
Projection. This configuration was used as the default values in the Matlab program. The 
properties of the camera and the fisheye lens are: Maximum resolution= 4288x2848, Sensor 
size=23.6 mm x 15.8 mm (sensor type is CMOS), focal length=10.56 mm. The principal distance 
in the x ( 2 Xc ) and y ( 2Yc ) directions are calculated as 1918.70 pixels (maximum resolution in the 

x direction (4288) is divided by the sensor size in the x direction (23.6 mm) and multiplied by 
the focal length (10.56 mm)) and 1903.44 pixel (maximum resolution in the y direction (2848) is 
divided by the sensor size in the x direction (15.8 mm) and multiplied by the focal length (10.56 
mm)). The principal distance of the perspective image ( 1c ) was assumed as 600 pixels and 

established as the default in the program. These projection type and coefficient values can be 
changed in the program.  

The program first creates an array with the same size of the input image (fisheye image) with 
zeros (black) in the three channels (RGB (red green and blue). In the test images, the array size is 
4288x2848x3. For every pixel location in the defished image, using Eqs.15-18 and the principal 
distances defined by the user; the corresponding pixel location in the fisheye image is calculated. 
The RGB values in the fisheye image location are copied to the defished image location. If the 
fisheye location is out of the fisheye image index that pixel is left blank (black). Thus, for every 
defished image location pixel values, the fisheye image location pixel values are copied and the 
defished image is created. Defished image of Fig. 3.1b is shown in Fig. 3.1b-c as an example. 
Multiple images can be selected and when all the images are defished, a message dialogue box 
pops up that reports the number of images that were defished. In order to demonstrate the effect 
of the coefficient 1c , different 1c  values were used and the results are shown in Figs. 3.2-3.9. A 

walkthrough of the program is provided in Appendix A - User Guide for Fisheye Images. Once 
the images are defished, they can be rectified using the methods described in Higgins et al. 
[2010]. However, as a note of caution, because fisheye images are generally taken at close range, 
the target standoff distance is important for metrification. Thus the camera distance to the gusset 
plate should be measured and used in the standoff correction feature of the rectification process. 



a)    b)  

c)  

Figure 3.1: a) Original fisheye image b) defished image c) defished and zoomed image of the gusset. 
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Figure 3.2: Original fisheye image of a gusset plate connection. 

 

Figure 3.3: Defished image of Fig. 3.2 with =200 pixel 1c
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Figure 3.4: Defished image of Fig. 3.2 with =400 pixel 1c

 

Figure 3.5: Defished image of Fig. 3.2 with =600 pixel 1c
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Figure 3.6: Defished image of Fig. 3.2 with =800 pixel 1c

 

Figure 3.7: Defished image of Fig. 3.2 with =1000 pixel 1c
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Figure 3.8: Defished image of Fig. 3.2 with =1200 pixel 1c

 

Figure 3.9: Defished image of Fig. 3.3 with =1500 pixel1c
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4.0 STITCHING MULTIPLE IMAGES  

Sometimes it is not possible to capture an entire object in a single image. In this case, multiple 
images of the object are taken and these can be assembled to produce a single composite image. 
To do this, and retain the metrification quality of the images, a stitching program was created 
using Matlab.  

In order to stitch two images together, one of the images (Image 1) is selected as the base image 
and the other one (Image 2) is selected as the image that needs to be transformed to integrate 
with the base image (Image 1). In order to transform Image 2, points of correspondence between 
the two images are used to create a transformation matrix that is applied to Image 2. The Matlab 
command cpselect is used to choose the corresponding image points in Image 1 and Image 2.  
Using the Matlab command cp2tform and the corresponding image points in the two images, a 
transformation matrix is created. Two different programs were developed that use alternative 
transformations: 1) Nonreflective similarity transformation (translation, rotation, and scaling are 
applied. Straight lines remain straight, and parallel lines are still parallel); and 2) Projective 
transformation (Straight lines remain straight, however parallel lines converge toward vanishing 
points) (Matlab 2010b, Mathworks). For Nonreflective similarity transformation, at least two 
corresponding points in the images are needed and rectified images are used to stitch to each 
other. For Projective transformation, at least four points are needed and the images may or may 
not be rectified before stitching. 

After creating the transformation matrix, the stitched image size is calculated. Two same size 
black (RGB=0,0,0) images are created and the base image and the transformed images are pasted 
onto these images as shown in Figs. 4.1 and 4.2. The transferred image is subtracted from the 
base image and the subtracted image is obtained as shown in Fig. 4.3. The subtracted image is 
added to the transformed image and the composite stitched image is obtained as shown in Fig. 
4.4. The procedure for adding and subtracting image pieces is summarized in Fig. 4.5. 

If obstructions occur in the composite image, these can be removed in the final image as shown 
in Fig. 4.6. Using the Matlab function roipoly, a closed polygon is defined within which the 
pixels can be replaced by either the base image or/and transformed image as shown in Fig 4.7. 
Presently stitching can only be performed using Matlab as the functions cannot be deployed in a 
standalone executable. A walkthrough of the Matlab program is provided in the Appendix B- 
User Guide for Stitching Images. 

 

15 



      
a) b) 

Figure 4.1: Base image (Image 1) a) Original base image and b) Boundaries of composite image populated with 
Image 1 

 

      
a) b) 

Figure 4.2: Transformed image (Image 2) a) Original base image and b) Boundaries of composite image populated 
with Image 2 

 

 
Figure 4.3: Subtracted image taken as Image 1 minus Image 2. This subtracted image is added to Image 2 next 
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Figure 4.4: Subtracted image in Fig. 3.2 is added to Image 2 to produce stitched image 

 
Figure 4.5: Illustration of adding and subtracting procedure for stitching two images together. 
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Obstacle from the 
base image 

Figure 4.6: Stitched image with obstacle contained in the base image (Image 1). A polygon area including the 
obstruction is selected and the user can replace that area with part from Image 2 

 
Figure 4.7: Final stitched image without obstacle 
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5.0 CONCLUSIONS 

Two new methods were developed that will enhance geometric data collection of gusset plate 
connections for steel truss bridges. These include application of fisheye lenses and stitching 
multiple images together to produce a single composite image. Using these methods, the 
geometry of the connection plates and fasteners can be collected from the processed images. The 
developed methods were illustrated with step-by-step instructions for their implementation. 
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APPENDIX A: 
USER’S GUIDE FOR FISHEYE IMAGES

 





 

 

Run “fisheye.exe”  

 
 
or open Matlab. Open the directory with fisheye.m, fisheye.fig, equidistant_function.m, 
equisolid_function.m, Orthographic_function.m and Stereographic_function.m; and digital 
fisheye photographs in MATLAB. 

 

A-1 



 

 
Type “fisheye” and press enter in the Command Window to start the defishing program. 

 
 
Depending on the lens and the camera, change fx(fisheye) ( ), fy(fisheye) ( ), f(pinhole) 

( ) and/or Projection Type. 
2 Xc 2Yc

1c

 
 

A-2 



 

In order to return back to Nikkon D300 camera with a Nikkor 10.5 mm lens and =600 pixel, 

click on “Default”. 
1c

 
 
 
Click on “Start” and select pictures that are going to be defished. Different types of pictures such 
as *.jpeg, *.tif and etc can be selected. 

 

A-3 



 

A-4 

 

When all the images are defished, a message dialogue box pops up reporting the defished 
number of images. 

 



 

 

 

 

 

 

APPENDIX B 
USER’S GUIDE FOR STITCHING IMAGES 

 





 

 

Open Matlab. 

 
 
Open the directory with Image_stitch.fig and Image_stitch.m in MATLAB. 

 

B-1 



 

 
Type “Image_stitch” and press enter in the Command Window to start the stitching program. 

 
 
Click on “Stitch Images”. 

 
 
 
 
 

B-2 



 

Select the base image. 

 
 

Select the image to stitch. 

 

B-3 



 

Control Point Selection Tool is activated. Default appearance of the tool is shown below (Matlab 
2010b, Mathworks). 

 
 
 
 
 
 
 
 
 

B-4 



 

Using Control Points Selection Tool, select the similar points. At least two points are needed for 
Nonreflective Similarity Transformation; for Projective Transformation, at least four points are 
needed. 

 
 
 
 
 
 
 
 
 
 

B-5 



 

 After selecting all the points, close the Control Points Selection Toolform (File>Close Control 
Point Selection Tool or Ctrl+w). 

 
 
 
 
 
 
 
 
 
 

B-6 



 

Stitched image is saved to the current directory.  

 
 
To remove the obstacles, if needed; click on Replace with Base Image or Replace with 
Transformed Image and create a polygon using roipoly. Either the column “Replace with Base 
Image and then Transformed Image” or “Replace with Transformed Image and then Base 
Image” can be followed. “Replace with Base Image” is used in this example. 

 

B-7 



 

Close the polygon by selecting the first polygon point (zoom-in and zoom-out is not available in 
this function). After closing the polygon, double click on a region inside the polygon. Selected 
polygon is replaced by the Base Image. New image is saved to the current directory. 

 
 

If needed, “Replace with Transformed Image” can be selected and the previous two steps can be 
repeated. New image is saved to the current directory. 

 
 

B-8 



 

Examples of stitched images: 

 
Figure B1: Base Image (Image 1) 

 

 
Figure B2: Image to be stitched (Image 2). 

B-9 



 

B-10 

 
Figure B3: Stitched images 

 

 
Figure B4: Final image. 
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