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§  Civil Infrastructure Deterioration  
§  As Civil engineers across 

America struggle to push 
back the dividend of a 
necessary investment, new 
techniques need to be 
brought to light and old 
ones need to be reformed. 

§  D: “POOR: AT RISK 

Fig 1 :(Source: ASCE 2013 infrastructure report card.) 
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§  Civil Infrastructure Deterioration  
§  On April 8, 2015 the MBTA submitted an action plan which called for the 

transformation of the MBTA due to what they describe as “pervasive structural 
failures”  

“Some have called the 
winter of 2015 a ‘stress-

test’ for the MBTA. 
While the MBTA 

‘survived’ the test, short-
term costs were 

significant in disruption, 
economic losses, and 

public and private 
hardship. The long-term 

costs are even more 
troubling: the loss of 

public confidence in our 
regional transit 

system.” (MBTA panel 
report) 

 Fig 2 : (Source: MBTA Panel Report) 



Introduction 

5 

§  Civil Infrastructure Deterioration  

§  On July 10th, 2015 a piece of debris fell from the Commonwealth 
Ave. in Boston down to Mass Ave below 

Fig 3: (Source: The Boston Herald (photo by Chitose Suzuki)) 
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§  Civil Infrastructure Deterioration  

§  “Most of our road, rail, water, sewer, electric power, wired telephone, and other 
distributed systems infrastructure are old and in need of repair. Our ports, airports, 
and rail terminals are archaic, ill designed, badly run, and poorly maintained. 
Levees, coastal defenses, and dams often lack effective inspection and 
maintenance”                                                                                     (Ern
st. G Frankel America’s Infrastructure Ernst G. Frankel Engineering Dilemma, M.I.T Faculty newsletter, Vol. XX 
No. 1 September/October 2007) 

Fig 4: (Source: Sustainable Cities Collective, 
website) Fig 5: (Source: Steve Sack politic Cartoonist Star 

Tribune) 
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§  To establish guidelines for the safe, and routine maintenance inspection of 

Civil infrastructure systems using photogrammetric techniques to qualitatively 

and quantitatively evaluate the level of risk and need for maintenance of a 

given civil system.  
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§  Photogrammetry is : 

 The art or science of taking 2D information and compiling it into 3D information 

 

Figure 6 : Pictures into model (source: 123D catch model gallery)  
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§  (1400s), Photogrammetry First displayed itself as an art and science during the 
renaissance many renaissance painters studied perspective geometry, they 
integrated mathematical information about depth and spatial recognition into 
their artwork. 

§  “The art of perspective is of such a nature as to make what is flat appear in 
relief, and what is in relief flat” (Leonardo Da Vinci, The notebooks of 
Leonardo Da Vinci 41) 

Fig 7: Leonardo da Vinci, perspective drawing for The 
Adoration of the Magi (Source: Art history resources) 
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§  (1648) Girard Desargues opens the scientific field of projective geometry with 
his theorem Desargue’s Theorem which identifies a center of perspective and 
axis of perspectivity. 

 

§  (1849) Aime` Laussedat develops Metrophotography, which is photographic 
surveying for maps. Coined as the father of photogrammetry 

Fig 8:Desargues Theorem (Source: http://
new.math.uiuc.edu/) 

Fig 9: Aime` Laussedat (Source:  Wiki- public 
images) 
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§  Image Capturing 
§  Image collection techniques are broken into two key sub-categories. 
§  Nadir and Oblique Photogrammetry 

Nadir 

Target 
Fig 10: Oblique and 

Nadir 
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§  Image Capturing 

§  Nadir- Aerial is image taking from directly above (90º) the Point of 
interest 

§  This approach is meant for aerial mapping of large areas rather than 
singular structures, and is thereby effective for imaging of large 
masses of land.  

§  Most of the current UAV Photogrammetry is in this fashion 

 
 

Figure 11: Forward Overlap (Source: Beaurea of land 
Management) 

Figure 12: Side Overlap (Source: Beaurea of land Management) 
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§  Image Capturing 
§  Oblique Targeting is image capturing aimed (obliquely) at one structure 

and uses multiple image perspectives and angels to triangulate and 
calculate dimensions. 

§  If the oblique angle is too acute the image is lacking a lot of spatial 
recognition. Between 30º- 45º is recommended.   

 
 

 

Figure 14 : Oblique Overlap(Source: Pix4d support website) 

Figure 13: Oblique angles(Source: Beaurea of land 
Management) 
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§  123D catch and other 
photogrammetric modeling 
software's use key points to 
match images to start creating the 
models. This means that their 
needs to be overlap in the 
images. Overlap is essential for 
images to work collaboratively. 
This work is done manually for 
solidworks generated models  

 
 

**Photogrammetric 
modeling calls for 
about 70% front 
and 30% side 

overlap** 

Figure 15: 
Alignment using 

Key points 
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§  Depth is the in or out of plane distances in a 2D image. Or the imaginary third dimension 

in a flat picture 

 
§  In a single 2D image depth perception is a non quantifiable illusion. It is however 

possible to use multiple perspectives to create a stereo depth perception.  

 
§  By locating all of the differences between two identical points in an image it is possible 

to start location 3D information which in turn helps create a 3D image. 
 

 

R L 

Actual 

Fig 16: Depth 

Fig 17:  Stereo Depth 
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§  Extracting Depth 
§  To extract information about depth from photographs we need multiple 

perspectives. The triangulation of stereovision, allows for computation of 
depth in the a similar way to that of the human eyes 

 
 

Figure 18: Stereo Vision  (Source: Introduction to Modern 
Photogrammetry ) 



Approach 

17 

§  Extracting Depth 
§  The concept of parallax is another way to interpret depth from photographs. Parallax is the 

relative relationship between distance from perspective, and movement. (I.E.) an object 
farther away move much slower than objects close by. Parallax and proximity are inversely 
related. By studying the movement of key points with respect to time the program is able to 
establish a sense of relative depth. 

 
 

Figure 19: Parallax   (Source: Introduction to Modern Photogrammetry ) 
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§  Snells law (refraction) distortion, and resolution 
§  The software's modeling computation must also take into account problems which arise from 

the refraction of light as it enters the medium of the lens. This refraction modeled after snells 
law must be corrected for. Certain lenses also have fisheye (radial) distortion, and all have 
their own resolution. The better camera on the UAV, the better the results will be when the 
software computes the 3D model.  

 
 

 

Figure 20: Radial Distortion 
(Source: bureau of land 

management) 

Figure 21: Refraction According to Snells 
Law (Source: Wiki- public images) 

(Snells Law) 

Resolution is the ability to 
distinguish two light sources from 

another and an image background. It 
is a representation of the amount of 
information stored in the image. A 
high resolution image will contain 
more pixels, data, and information 

per square inch. 
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§  Calibration of the models scale 
§  In order to correctly analyze any of the 3D information found through photogrammetric 

approaches, a definite scale needs to be implemented. This means correctly defining a known 
length and defining it in the model.  

§  By defining one length, we can thereby define the scale as the aspect ratio of the model is 
fixed and accurate.     

 
 

 

Fig 22 - 23: scale calibration (Source: 123D Catch model gallery) 
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§  Softwares  
§  SolidworksTM allows for geometric modeling of columns, structures and 

walls with applied manual photo-stiching 

§  Cyberlink Photo-editing softwareTM eliminates fisheye and perspective 
distortion for manual stitching 

§  123D-Catch (Autodesk)TM key-point generating software which 
automatically generates a point cloud model 

§  MeshlabTM open-source software that allows for qualitative and 
quantitative evaluation of point cloud and mesh models 
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§  Solidworks Models 
§  Concrete Canoe Model 
§  Circular Column 
§  L-Shaped Column 
§  Wall 

 
 

 

§  Point Cloud and Mesh 
Models 
§  Shattered Cylinder 
§  Intact Cylinder 
§  Olney Receiving Dock 
§  Olney Auditorium 
§  Pinanski Hall  

 
 

 

Figure 24: Solidworks Model (Source: Solidworks 
tutorial) 

Figure 25: Point Cloud Model( Source: Syracuse university 
design works) 
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§  What is a Point Cloud?  
§  Once the computation for relative perspective locations start to calibrate, 

and keypoints are aligned. The software will place points in a relative 3D 
space which will make up what is referred to as a point cloud model. 
Triangular mesh from the relationship between points is a Mesh model. 
And by adding a “texture” of the relative images we establish the final 
model. 

 
 

Point Cloud Mesh 
 

Final 

Figures 26-28: point cloud and mesh model (Source: 123D catch model gallery) 
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§  Solidworks Models: Concrete Canoe 

 
 

 

 
 

 
Fig 28: (above) & 

Video 1: (left) 
Umass Lowell’s 

Concrete canoe section. 
Located in SO122 

And  



Results 

24 

§  Solidworks Models: Columns and Walls 

 
 

 

Fig 29: (above) & 
Video 2: (left) 

Concrete wall and 
columns on Umass 

Lowell’s South Campus 
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§  Solidworks Models: 
§   Once uploaded into Solidworks  3D modeling and computational 

software the Models can by qualitatively as well as quantitatively 
evaluated.  

 
 

 

 
 

 

**Limitation of manual 
stitching and modeling on 
complicated structures.** 

Figures 30-32 : Solidworks evaluation techniques 
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§  Point Cloud and Mesh Models: Crushed Cylinder  
 

 

 
 

 

Fig 31-33: (right) & 
Video 3: (left) 

Shattered concrete 
cylinder 
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§  Point Cloud and Mesh Models: Intact Cylinder 

 
 

 

 
 

 Fig 34-36: (right) & 
Video 3: (left) 

Intact concrete cylinder 
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§  Can we tell what we are looking at? How easy is it to identify 
the target/defect  

 
 

Fig 37: (left) & Fig 38: (right) 
Shattered concrete cylinder 

resolution and zoom 

20cm 

1cm 
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§  Data Comparison 

 
 

 

“Line segments have position, orientation 
and length. Usually the orientation of a line 

is the least influenced by noise and its 
length is most influenced by 

noise” (Goshtasby) 

X
   

Y
   

Z
   

Fig 39: (left) & Fig 40: (right) 
Intact concrete cylinder lines A-

C and axis 
Fig 41: (Graph)  

Table 1   Lines   
Model Photos Error A: (%) Error B: (%) Error C: (%) 

I 64 0.296 0.718 0.675 
II 32 0.210 3.594 2.649 
III 16 0.548 2.142 4.356 
IV 12 N/A N/A N/A 
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§  Data Comparison 

 
 

 
PP0 

(8.2,4.6,9.5) 

PP1  (9.2,3.5, 15.5) 

(0,0,0) 

PP2 (0,0,20) 

Actual  Position 
PP0 8.2 4.6 9.5 
PP1 9.2 3.5 15.5 
PP2 0 0 20 

Error (%) 
Photos PP0  PP1 PP2 

70 1.864843 1.765006 0.043635 
48 3.126207 3.12451 0.154672 
32 3.273844 3.273844 0.518227 
16 4.563256 4.563256 1.245197 
12 5.549914 6.27514 n/a 

X  (into plane) 

Y 

Z 

Fig 42: (left) & Fig 43: (right) 
Shattered concrete cylinder 

point 0-2 and Axis 
Fig 44: (Graph)  
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§  Can we accomplish the same task with larger structural 
targets, and how does light effect the results? 

 
 

Fig 45: (left) Olney auditorium 
 Fig 46: (Center) Olney receiving dock 

Fig 47: (right) Pinanski hall 
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§  Photogrammetric Light Study  
 

 

Location Distance(m) Time (of day) Light Intensity (lux) 
L1 (Pinanski) 3.67 1:38pm 86x100 
L2 (Pinanski) 5.87     
L3 (Pinanski) 7.98     
L4 (Pinanski) 13.57     

L1 (Olney Auditorium) 4.27 1:47pm 213x100 
L2 (Olney Auditorium) 7.29     
L3 (Olney Auditorium) 9.74     
L4 (Olney Auditorium) 13.38     
L1 (Olney Receiving) 19.86 1:56pm 48x100 
L2 (Olney Receiving) 8.52     
L3 (Olney Receiving) 4.67     
L4 (Olney Receiving) 7.67     

For each target, 20 
photos were taken 
systematically at 4 
relative distances 

Table 2 

Fig 48: (left) Pinanski 
 Fig 49: (Center) Olney 

auditorium 
Fig 50: (right) Olney 

receiving dock 
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§  Olney Auditorium (213 x 100) Lux at target  
 

 

Fig 51: (left) &  
Video 3: (above) 
Olney Auditorium 
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§  Pinanski (86x100) Lux at target  
 

 

Fig 52: (left) &  
Video 4: (above) 

Pinanski hall 
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§  Olney receiving dock (48x100) Lux at target  
 

 

Fig 53: (left) &  
Video 4: (above) 

Olney receiving dock 
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§  We now know it is possible to… 
§  Determine the location of a defect 
§  Formulate the size 
§  Apply to structural targets   

§  The Goal now is to…. 
§  Collect data about change in volume due to defects 
§  Collect data for bridges in conjunction with the radar  
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