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1 Introduction
Bridges built over valleys, water bodies serve as a vital transportation @me of the critical

componentsof a bridge is a gusset plat&usset plateare thick sheetof steel that are used to
connectbeamsandgirdersto columns commonly referred a$d 2 v y' S Qshdwa ifi &i@1They serve
not only to join steel members togethebut also to strengthen their joint. They can be fastened to a
permanent member eitheby bolts andivetsor weldingor a combination of the three. They are made
in different shapes and sizeslso customizable to the f[i]. Transprtation agenciegvaluate and rate

their inventories ofgusset plate connectiornsy visual inspection

Figure2 Example of a bridge


http://en.wikipedia.org/wiki/Beam_(structure)
http://en.wikipedia.org/wiki/Girder
http://en.wikipedia.org/wiki/Columns
http://en.wikipedia.org/wiki/Rivet
http://en.wikipedia.org/wiki/Welding

Gusset plate @nnection evaluations require accurate drawings that detail the plate, member, and
fastener geometries. These structural details should also accurately reflect #neilasonditions. For
some connections, asuilt information may not be available or the available drawings may not
represent the actual field condition€urrently these evaluations of gusset plates are done manually by
Gradzr t AyalLlSOiAiAz2yd { dzOK LINR OSRdzNBE NI I fige Ndpat. KA I K
This method is slow and inefficient.

To address these issues, we have develapedwinteractive computer vision systefor analysicalled
Gusset Plate Inspection Kit (GPIT). @Ré&bles rapid and accurate collection of field measuremémts
connection plate geometry. The method uses clomegephotogrammetrictechniques to rectify images
taken with consumer grade cameras using-flatld and fisheye lenseand then performs additional
geometric calculations that are required for the cattionstudy. We havalemonstratedthe technique

on fullscale gusset plates in the laboratory and in the field. Dimensional measurements from the
processed images provided results that are as good as or better than conventional field measurements
and with tolerances below what most engineers require for calculation of gusset plate connection
capacity. This technique provides a new tool for bridge engineers to quickly collect gusset plate
geometry that can be used in connection evaluations and rating, @ further enhance bridge
management tasks.

To the best of our knowledgehis is the first interactive computer vision system equipped with these
capabilities.It marks a pioneering attempt in achievigcurate measurementby pixel processing
Handling this problem has potential to revolutionize the current bridge maintenance activities. It would
also provide grospectiveplatform for the merging of various other related activities into the current

tool.

Gusset plate connections avery complicated bridge elements. For this reason, many researchers have
looked intousing finite element modelingFEM)in order to really determine how these connections

behave.

FEM is guided by the physical observations and is used to estimate tloésedfdoad orbridges. It also

aids in calculating shear strength, investigatimigige failures etc on a computerHowever, since these
connections need to be investigated and analyzed often by bridge owners more simplified methods are
needed. Development of good, detailed finite element modelgrihibitively time consuming to be

used frequently by these agencies.

é

~



Atfter the collapse of the-B5W Bridge in Minneapolis, MN in 2007, gusset plate connections have
become a focus of transportation agencies. Several approaches have been developed to aid engineers in
evaluation of gusset plates including the Federal HighwdipiAistration (FHWA) (20093] load rating
guideline;finite element analyses of gusset plates in th8&5W Bridge Haoet al. (2010)[4] and [5]
expected rating factor formulas considering blegtiear and Whitmore sectiori$]; simple and rapid
rankingmethods to identify likely vulnerable gusset platdigginset al. (2010)[7]; and a procedure to
eliminate detailed checking of gusset plates that have adequate cajmitganet al. (2011) [8].

Regardless of the approach consideredhroection evaluaibns and analysirequire accurate geometric

data of the gusset plate as inputs. Current methods used to measure, collect, and archive field
geometric data are time consuming, expensive, and haghly susceptibldéo errors. This is especially

true for finite element analyis where all the fastener locations and dimensions of the gusset plate must
be established. For this level of detail, sketches, notes, and qualitative photographs do not provide
sufficient fidelity to accurately characterize connectionogeetry. New techniques are needed to
effectively capture field data to hasten the complex and time consuming task of steel truss bridge

connection evaluatiotdigginset al. (2010) [2].

Visual inspection methods are now beginning to deploy suppotognologies that can improve and
accelerate structural evaluationklcCreaet al. (2002)[9]. One type of technology is digital image
processing, which has been utilized in various civil engineering fields. Several researchers implemented
digital image tebnologies for assessment and inspection of steel, concrete and reinforced concrete
structures. Althougtusing digital image processing to detect a crack on a concrete surface is difficult
due to voids, blemishes, shiag, and shaps of cracks, ihasattracted broad interest and been studied

by several researches such as dipal. (2002)[10], Dareet al. (2002)[11], Fujitaet al. (2006)[12],
Yamaguchi and Hashimoto (20(J@B], Yamaguchet al. (2008)[15], and Yamaguchi and Hashimoto
(2009)[14]. Lee ad Chang (2009)16] used digital image processing for the assessment of rust defects
on steel bridges. Liat al. (2006)[17] utilized image processing methstb detect rivets for aircraft lap

joints.

Evaluation of gusset plate connectioissan importantsegment inbridge healh examination process.
The evaluation procedure can be broadly divided into a set of phases requiring a strict adherence to

serialorder. The following is the list of the stepsthe necessary sequence



Target detection
Perspective removal
Boundary marking

Fastener detection

a > w0 npoRE

Fastener grouping.

The current process of connection assessment involves a tedious task of human hand drawing the
gusset plate to scale and computing theonetric tasks physically. Thisocedure is heavily time taking

and vulnerable to errorsThis process of connection evaluatioten beimproved byimplementing
computer vision techniqueiinctionson the connection images. The idea is to computerize the system
using vision techniquedt however comes with ahallenge of unavailability of reference as this has
been the very first attempt atdigitizing the connection judgment methodology. This marksaas

spearheadingffort in the digitized versiorof performingbridge management tasks.

The final stage of evaluation involves a series of calculatismsh as, computing fastener shear
strength, bearig resistance at fastener holeshitmore and blocks shear checks atwimpression and

shear plane checks among many other. These computations involve various parameters and use the
detections drawn in the previous stages of the tool. There is a needutput these results in
appropriate units schas inches, kips etés these calculatiorsre completely based on the geometrical
analysis performed on the plate images, thase highly sensitive tdhe possible mistakes. A few
incorrect derivations may lead to a serious variation in the resélmong many other challenging
requirements associated with theroblem at hand, high precision output and a low processing time are

paramount.
Apart from the &ove, many other problemare anticipated given the gusset plate condition.

The images provided hold a remarkable perspective. This has to be removed to sttre eittual
processingHowever, there is only image taken for every single gusset plate nidikes the perspective

removal task nontrivial due to the unavailabilityreferential information

The gussefplate connections ar@ot uniformly conditioned in terms of appearancthey areusually
rusty and tainted A few gusset plates have writings anthrkings on them which may lead to faulty

detections



Thepicturesare taken in broad day light which have created bright spots on the images resulting in a
significant data loss. A few images also include dark shadows of either the person taking the pictures or
the shadowsof the elements in the imagelike fasteners. These atlows and bright spots create a

striking intensity difference affecting the detections.

Further, he gusset plates are natonsistentlyshapedor sized. This induces difficulty in drawing
patterns and extracting conclusive deductions from their physical appeard&mmher important task
involved in connection evaluation is locating the precise coordinates of fasteners. Fasteners are not
always of the sam size, color, shape or kind. There exist two different kinds of fastenbadts and

rivets. In addition, given the initial perspective of the image, the shapé size®f fastenerscloser to

the plate boundaries appear different relative to the fastes in the center. Theséactors remain

unchangecdkeven after the imagés corrected. This makes the fastemgtectiontask challenging

The backgroundf sea and sky in few imageseate an almost camouflaging effemsulting in a
minimum change in thentensity values Therefore, there exists a danger of losing object detections in

the backend noise.

In conclusionthe digitizationof connection evaluation process should death the aforementioned
challenges while not compromising on the accuracy dalivery speed of the outputlt should also
ensure the easy user accessibility and robustrasystem that could work for all the possiblesesa of

gusset plate connections.



2 Our Approach

In order toachieve high precisiom the least possible time, while simultaneousigndlingthe above
mentionedchallenges, wéiave developed ainteractiveinterface to helpthe user perform and record
the detections on theyusset platdmages using computer vision techniquethe tser ould also provide

continuedfeedback and edit the detections for improved results.

This approacls aimed atan orderly execution of the stage$ thhe conneciton evaluation and facilitates

easy navigation.

The software tool developed to evaluate gusset plate images inchokisautomated andnanual
features;automated- for batch processing a set of images and mant@ individually working with

each image in particular

A structural engineefs requiredto provide a set of images tGPITin the beginning. The toakould
constantly guide the engineg¢hrough a serie®f stages At every stagethe engineercould monitorthe
detection resultsand input the required parameters focalculation of theoutput. He/she can also
change the settings to recalculate for an improved resthie following is thdist of stagesthat have to

be performed in order.

Target detection
Perspective removal
Boundary marking

Fastener detection

a > N RE

Fastener grouping.

The fnal stage succeeding the abowlows the useto computethe actual end results that are saved
to a physical folder in a text file. Output of each stage acts as an input to the next one. Hence the
precision of the output cannot be compromised, thus reong the user to provide continued feedback

turning the system into aemiautomaticone.

Given & image of the gusset platehe first step involves removing the perspectivieerspective
removal uses a reference object with known geometry and dimensions. This object is cross shaped
metal structure attached near the center of the gusset plate conneclitiis beam is supposed to span

as much possible area of the plate as it,dammake the perspective removal efficient.



In the next step we delineatdhe boundary of just the gusset péawithout the connecting beams. This
is followed by the detection of fasteners (bolts/rivets)We then group the detected fastenersinto
individual units, also called members and further inspect their arrangement in the next. #thgeery
stage,the user is provided access to edit thenerated output in aimplemanner.The wser would also

be guided at every level withotifications and textsdr easilygliding through the application.

In the analysigphase, a series of calculatiosach as computing théastener shear strength, bearing
resistance at fastener holes, whitmore and block shear checkspramsion and shear plane checks for

each member of the gusset plasee executed

Chapters 34, 5, 6, 7 detail each stage of connection evaluation. Each chapter encapsulates problem
statement together with the associated challengaad solution description. Literature rew is

distributed for each taskpresented in corresponding chapters and is crosferenced.

Chapter8 presents the description of graphical user interface of the created softwarg &IT poth

for the automatedand manual section.

A z

Chapter 9 presents the qualitative review®PIT- 34 SaaSR | O0O2NRAYy3 (G2 (GKS

Chapter 10 and 11 prests conclusion and bibliography respectively.
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3 Target Detection

The images of the gusset plates are taken by the structural engineers physically harnessed and

suspadingfrom the bridge beamsHence the imageR 2 ya@vdys have the gusset plates facing frontal.

Figure3 Structural engineers conducting bridge maintenance activities

In order to correct the images, a reference beam is attached to every gusset plate close to its center. A
few gusset plates have more than one reference beam, one different in size as compaedther.

There exist 9 target disks on a reference beam.

Figure4 an image of the reference target beam

3.1 Problem statement

Given an imagen order to correct the image, all the target disks on a target beam have to be precisely

determined.



-l el

Figure5 Examples of target disks

3.2 Literature review

Template matching is one fundamental task occurring in countieage analysis applications. Template
matching is the process of finding the location of a sub image, called a template, inside an image. There
are number of methods for image registration. Here we have discussed the template matching
application for matchmg a small image which is a part of big image with given big image. Once a number
of corresponding templates are found, their centers are used as corresponding control points to
determine the registration parameters. Template matching involves comparigiges template with
windows of the same size in an image and identifying the window that is most similar to the template
[29].

3.2.1 Templatematchingusing normalized cross correlation

Template matching process has two possible approaches. 1) Feature basedd@dppj Template based

approach[27].

If the template image has strong features, a featbased approach may be considered; the approach
may prove further useful if the match in the search image mightréesformedin some fashion. Since
this approach does not consider the entirety of the template image, it can be more computationally
efficient when working Wwh source images of larger resolution, as the alternative approach, template
based, may require searching potentially large amounts of points in order to determine the best
matching location

For templates without strong features, or for when the bulktbé template image constitutes the
matching image, a templatbased approach may be effective. As aforementioned, since template
based template matching may potentially require sampling of a large number of points, it is possible to
reduce the number of sapling points by reducing the resolution of the search and template images by
the same factor and performing the operation on the resultant downsized imagestiple resolution,

or pyramid, image processing), providing a search window of data pointswhih search image so that

the template does not have to search every viable data point, or a combination of both.


http://en.wikipedia.org/wiki/Transformation_(geometry)
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Given a template t, whose position is to be determined in an image f, the basic idea of the algorithm is
to represent the template, for whit the normalized cross correlation is calculated, as a sum of
rectangular basis functions. Then the correlation is calculated for each basis function instead of the
whole template. The result of the correlation of the template t and the image f is obta&sethe
weighted sum of the correlation functions of thesicfunctions. Depending on the approximation, the
algorithm can by far outperform Fouritransform based implementations of the normalized cross
correlation algorithm and it is especially suitedproblems, where many different templates are to be

found in the same image f.

Normalized crossorrelation has found application in a broad range of computer vision tasks such as
stereo vision, motion tracking, imageosaicing, etc. Normalized crossorrelation is the simplest but
effective method as a similarity measure, which is invariant to linear brightness and contrast variations.

Its easy hardware implementation makes it useful for {tgak applicationg27, 28]

Forimageprocessing applications in which the brightness of the image and template can vary due to
lighting and exposure conditions, the images can be first normalized. This is typically done at every step

by subtracting the mean and dividing by tstandard deviation That is, the crossorrelation of a

template,t(I- Y) with a subimagef{ff- Y)is

L f@y) = Dlblay) =D _ E ey F@ 9ty — T

n iy 0§04 0§ 0

wheren is the number of pixels i, y) andf{j:-y},fis the average dfand?fisstandard
deviationof f. Infunctional analysiterms, this can be thought of as the dot praxt of twonormalized

vectors That is, iff (7, ¥) = f(z,y) — f and T(x,y) = t(x,y) — t then the above sum is equal

F T
to \ I’ |IT||>where(---)is theinner productandl|| - |lis theL2 norm Thus, if andt are real matrices,

their normalized crossorrelation equals the cosine of the angle between the unit vedi@sd T, being

thus 1if and ony if FequalsT multiplied by a positive scalar.

Normalized correlation is one of the methods usedtéanplate matching a process used for finding

occurrence®f a patten or object within an image.


http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Functional_analysis
http://en.wikipedia.org/wiki/Unit_vector
http://en.wikipedia.org/wiki/Unit_vector
http://en.wikipedia.org/wiki/Inner_product
http://en.wikipedia.org/wiki/Lp_space
http://en.wikipedia.org/wiki/Template_matching
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Template matching using a set of diverse target disks is a common approach as described above.
However, owing to the issues of different scales and rotations of the template target disks and the need
for precisionin the output we propose an approachf requesting an initial input from the user and

determining the rest of the target disksbed on this user selectiarsing template matching

Thissystemrequires user feedback on every igeamaking isemiautomatic. However, as compared to
the procedure involving the user to seledttarget disk centers manually, trs@miautomaticapproach

helps the useby reducingeffort andtime.

Few images include more than one reference beam and not necessarily of the same size. A few target
beams are smaller than the standard but stick to a regular dimension. For such images, the same
method can be applied, that is, remove the perspective usamge target first and then repeat the same

for the smaller target on the corrected image.

We present here the challenges encountered in making the target detection process completely

automated.

In an attampt to automatically detect target disks, when template matching is performed with a bank of
different target templates, fasteners are often detected as target disks. There are various factors causing

this phenomenon

9 Dimensions of the targets unknown
Targets can be of different shapes and sizes in the template bank relative to the disks in the
image.

1 Color and orientation varies
Each gusset plate is of a different color and depending upon the time of the image taken, the
color of the reference beam chges resulting in difficulty determining tlsks.
Added to this, given the perspective of the image, the target disks do not face frontal and at

times may also bear a strong perspective.
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3.4.2 Extreme pecisionneeded
As the determination of target disk coordites aid in correcting the perspective of the image, an

absolute accuracy is demanded. Hermatomatictarget disk detection might not be feasible.

3.5 Solution description

Each gusset plate image is displayed to the user for marking the top target tlekreference beam.

In order to avoid faulty selections possibly induced by the human error, user is requested to click on the
center of the disk and anywhere on the disk perimeter to accurately record the center location and disk

radius

The selected targf diskis marked and is extracted from the imatgeact as gemplate/filter mask.This
extraction is saved physically to the templates folder for further @Bmen the top target disk, the
extent of the reference beam is calculated and notemked on tle radii of the disk andhe actual
dimensions of the beanTo evade the possibility of losing image data containing the reference beam, a
sufficient buffer is induced in all directions around the beam location. The image is then temporarily

modified to hae only the beam section s&t 1 and restsetto 0.

Using thetemplate mask, template matching is performed onigtimage areacontainingonly the
reference beam. Top 9 pixels with highssnilarityvalue are recorded from the outpwgenerated and

are recordedas the target disk centers.

These centers are marked on the image and the result is displayed to the user for approval. User can

edit the detection byaddng or removingargets if unsatisfied.

Figure6 An example of a gusset plate connection with targets detectied GPIT



13

4 Perspective removal

Given the target disk centers for all the 9 locasoon the reference beam and the actual reference
beam dimensionsanimage is corrected by computing the transfortioa matrix first for 9 pointsand

then extending the same for each pixel of the distoriethge.

The images of connections are taken by the structural engirgttiisg in a harness suspended from the
bridge beamsat high altitudes Hene it is common to findhe pictures of gusset plates with notable
level of perspective. To correct theimages, gery gusset plateconnectionis attached to a reference
beam of fixed dimensions. In the previous phase, the targets aiskerson this reference beam are
detected and saved. Using these detectioagransformation matrix is computed which is used to

correctthe image.

Perspective projection distortioaccurs in photographs when the film plane is not parallel to lines that
are required to be parallel in thenage. A common case is when a photo is taken of a tall building from

ground level by tilting the camera backwards: the building appears to fall away from the camera.

We are all familiar with projective transformations. When we look at a picture, we seesjthat are
not squares, or circles that are not circles. The transformation that maps these planar objects onto the

picture is an example of a projective transformation


http://en.wikipedia.org/wiki/Perspective_projection_distortion
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Perspective contrds a procedure for composing or editing pbgraphs to better conformto the

commonly accepted distortions in constructpdrspective The control would:

1 Makeall lines that are vertical in realityertical in the image. This is a commonly accepted
distortion in constructed perspective; perspective is based on the notion that more distant
objects are represented as smaller on the pagenstructed perspective considers only the
horizontal distance and csiders the top and bottom to be the same distance away;

1 Make all parallel linesskample four horizontal edges of a cubic room) cross in one point.

Perspective transformation turns a perspective projection into a parallel projecton. example,
perspective transformation is used for replacing a view volume (prism shaped volume) into a
rectangular shape. To build a parallel projection of the image fronp#repectivedistorted image, the

plane homography23] is used.

One begins by selecting actien of the image corresponding to a planar section of the wfit#t]. Let
the inhomogeneousoordinates of a pair of matching points in ttistorted and corrected imagebe X

I ¥ Rrespdetively. We usenhomogeneousoordinateshere instead of the homgenous coordinates
of the points, because it is thedghomogeneougoordinatesthat are measured directly from the image

plane The projectivéransformationcan be written innhomogeneougorm as
o N R

These equations are linear in the elements aof Fbur point correspondences lead to eight linear
equations in the entries of H, which are sufficient to solve for H up to an insignificant multiplicative
TILOG2NY ¢KS 2yfé NBAGNROGAZY A& GKFG GKS rb2dzNI LR
three points are collinear. The inverse of the transformation H computed in this way is then applied to

the whole image to undo the effect of perspective distortion on the selected plane.

Firstly, all the target disk centers are preciselgtected and recorded. The corresponding point
coordinates of these disk centers on an ideal planar image are estimated given the actual dimensions of
the reference beam. The focal target disk center is taken as the origin and the rest of the target disk
centers are computed accordingly. The homographgoisiputed byusingthe relative positions of the

all the 9 target disk centers of the reference beam on the perspective distorted image piahar

corrected image to be constructed.


http://en.wikipedia.org/wiki/Perspective_(graphical)
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Thiscomputed homogrphy matrix is inversed and saved. It is then applied to the entire image to

correct the perspective.

4.4 Challenges

The output image of this step is the corrected image without perspective. The usual application of
perspective removal results in a perspectisentrolled image appearance wise. However, given the
need for higher accuracy in the results, the result is required to be precise pixel wise too. This is later

tested by the user by checking the target beam length on the corrected image.

To meet this reqitement, all the target center points are involved in the computation of transformation

matrix as opposed to including only the extreme centers. This ensures greater accuracy.

Further, for each gusset plate, there is only image available for proces&ingeH copy of the original
image needs to be saved before proceeding with the correction. This is to accommodate the possibility
2F dzaSNJ O2NNBOGAYy3I GKS AYIF3ISQa LISNELISOGAGBS 6AGK |

directions.

4.5 Solutiondescription

The user is shown the image with the detected target centers marked asking for ap@aealthe user

app2 @Sa 2F (KS (FINBSG RAal OSyiSNNRa LINBOAAAZ2YSZ dzaA
reference beam dimasionsa transformation matrix is computekkeeping in mind, the actual reference

beam dimensions. Using this transformation matrix, every pixel in the image is transformed by

computing a product with the matrix and the resultantage.
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Figure8 Examples of gusset plates before (left images) and after (right images) the perspective is

removedby GPIT

The image processing toolbox of MATLAB includes an extensive set of spatial transformation matrix

computation functions [25]. Thegeadily accessible functions are implemented for convenience.
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5 Boundandetection

A corrected imageacts as an input to thphase of boundary marking\n accurate identification of the
gusset plate boundary, losing the connecting beams, is significant and is utilized in further sections of

computations and analysis.

Each gusset plate acts as a connection between the beams of a truss bridge. Hence every image of a

gusset plate has the plate spanned in the center along with the beams attached to it in the behind.

The connection evaluation requires an accurate markihgusset plate boundary. This detection is
involved in computing various parameters in multiple ways. Hence the precision of boundary detection

cannot be compromised.

To allow the batch processing of images, the procedure of boundary marking hasimpleenented
needing least or no interaction of the user. Hence, the requirement is to have an automated version of
boundary detection. However, user should also be provided a feature for manually drawing the

boundary in cases of incorrect output.

An underlying concept of boundary determination dge detection Edge detectiomims at identifying
points in a digital image at which the image brightness changes sharply or more formally, has

discontinuities.

TheCanny edge etectoris anedge detectioroperator that uses a mukstagealgorithmto detect a
wide range of edges in imgas.The following are the various stages listed in detail explaining the

working of the canny edge detector.

TheCanny edge detector is susceptible to noise présenaw unprocessed image data. Henitejses a
filter based on a Gaussigbell) curve, where the raw image denvolvedwith a Gaussian filter The
result is a slighthyplurredversion of the original which is not affected by a single noisy pixel to any

significant degree.


http://en.wikipedia.org/wiki/Edge_detection
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Convolution
http://en.wikipedia.org/wiki/Gaussian_filter
http://en.wikipedia.org/wiki/Gaussian_blur
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An edge in an image may point in aiety of directions, so the&anny algorithm uses four filters to
detect horizontal, vertical and diagonal edges in the blurred imageed@ge detection operatoreturns
a value or the first derivative in the horizontal directiqg, and the vertical directiorgy, From this the

edge gradient and direction can be determined:

G=4/G,"+ G}
O = atan2 (G, G;)

Where G can be computed using thgpotenusefunction andatan2is the arctangent function with two
arguments. The edge direction angle is rounded to one of four angles representing vertical, horizontal

and the two diagonals (0, 45, @d 135 degrees for example).

Non-maximum suppression is atge thinningechnique.

Given estimates of the image gradients, a seasctarried out to determine if the gradient magnitude
assumes a local maximum in the gradient direction. In some implementations, the algorithm categorizes
the continuous gradient directions into a small set of discrete directions, and then moves at@&x3 fil
over the output of the previous step (that is, the edge strength and gradient directions). At every pixel, it
suppresses the edge strength of the center pixel (by setting its value to 0) if its magnitude is not greater

than the magnitude of the two nghbors in the gradient direction.

For exampleif the rounded gradient angle is zero degrees (i.e. the edge is in thegsonlth direction)

the point will be considered to be on the edge if its gradient magnitude is greater than the magnitudes
at pixelsin the east and westlirections,if the rounded gradient angle is 90 degrees (i.e. the edge is in
the eastwest direction) the point will be considered to be on the edge if its gradient magnitude is
greater than the magnitudes at pixels in therth and saith directions,if the rounded gradient angle is

135 degrees (i.e. the edge is in the northegsiuthwest direction) the point will be considered to be on
the edge if its gradient magnitude is greater than the magnitudes at pixels incitte west and soth
eastdirections,if the rounded gradient angle is 45 degrees (i.e. the edge is in the nortlgsoegh east
direction) the point will be considered to be on the edge if its gradient magnitude is greater than the

magnitudes at pixels in theorth east al south westirections.


http://en.wikipedia.org/wiki/Edge_detection
http://en.wikipedia.org/wiki/Hypot
http://en.wikipedia.org/wiki/Atan2
http://en.wikipedia.org/wiki/Edge_detection#Edge_thinning
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In more accurate implementations, linear interpolation is used between the two neighboring pixels that
straddle the gradient direction. For example, if the gradient angle is between 45 degrees and 90
degrees, interpolation betweegradients at thenorth andnorth eastpixels will give one interpolated
value, and interpolation between theouthandsouth westpixels will give the other (using the
conventions of last paragraph). The gradient magnitude at the central pixel must bergigan both of

these for it to be marked as an edge.

Note that the sign of the direction is irrelevant, i.e. nayglouth is the same as sowghorth and so on.

5.2.1.4 Tracing edges through the image and hysteresis thresholding
Large intensity gradients are molikely to correspond to edges than small intensity gradients. It is in
most cases impossible to specify a threshold at which a given intensity gradient switches from

corresponding to an edge into not doing so. Therefore Canny uses thresholdingysiitnesis

Thresholding with hysteresis requires two thresholgd$igh and low. Making the assumption that
important edges should be along continuous curves in the image allows us to follmt aection of a
given line and to discard a few noisy pixels that do not constitute a line but have produced large
gradients. Therefore we begin by applying a high threshbis marksout the edges we can be fairly
sure are genuine. Starting from thessusing the directional information derived earlier, edges can be
traced through the image. While tracing an edge, we apply the lower threshold, allowing us to trace

faint sections of edges as long as we find a starting point.

Once thisstepis complete v have a binary image where each pixel is marked as either an edge pixel or
a nonedge pixel. From complementary output from the edge tracing step, the binary edge map
obtained in this way can also be treated as a set of edge curves, which after furdwasping can be

represented as polygons in the image domain.

Figure9 An example of canny edge detectarput (on the left) and output (on the right)


http://en.wikipedia.org/wiki/Hysteresis
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52.2 HSV

HSV(hue-saturationvalue) is one of the two most commarylindricalcoordinaterepresentations of

points in anRGB color modelThis representation rearrange the geometry of RGB in an attempt to be
more intuitive and perceptuallyrelevant than theCartesiar(cube) representation, by mapping the
values intoa cylinder loosely inspired by a traditioralor wheel The angle around the central vertical

axis corresponds tohue" and the distance from the axis corresponds taturatiori’. These first two
values give the two schemes the 'H' and 'S’ in their names. The height corresponds to a third value, the

systems representation of the perceivddminancein relation to the saturation.
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Figurel0HSV index

5.2.3 Morphological operations

Morphological operations are methods fprocessing binary images based on shapes. These operations
take a binary image as input, and return a binary image as output. The value of each pixel in the output
image is based on the corresponding input pixel and its neighbors. By choosing the neiglbsiiape
appropriately, you can construct a morphological operation that is sensitive to specific shapes in the

input image.
Dilation and Erosion are the main morphological operations.

5.2.3.1 Dilationand Erosion

The main morphological operations are dilation and erosion. Dilation and erosionredaed
operations although they produce very different results. Dilation adds pixels to the boundaries of
objects (i.e., changes them from off to on), while erosion reesopixels on object boundaries (changes
them from on to off). Each dilation or erosion operation uses a specified neighborhood. The state of
given pixel in the output image is determined by applying a rule to the neighborhood of the

corresponding piXen the input image. The rule used defines the operatiodikaion or erosion


http://en.wikipedia.org/wiki/Cylindrical_coordinate_system
http://en.wikipedia.org/wiki/RGB_color_model
http://en.wikipedia.org/wiki/Color_vision
http://en.wikipedia.org/wiki/Color_wheel
http://en.wikipedia.org/wiki/Hue
http://en.wikipedia.org/wiki/Colorfulness
http://en.wikipedia.org/wiki/Luminance
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output pixel is off.

w C2NJ SNRPaA2ys A FABIHSNE VHEDBKO ANK KB My LMgls LEKS 2«

output pixel is off.

The neighborhood for a dilation or erosion operation can be of arbitrary shape and size. The
neighborhood is represented by a structuring element, which is a matrixccan§ Ay 3 2F 2y f & nC
The center pixel in the structuring element represents the pixel of interest, while the elements in the

matrix that are on (i.e., = 1) define the neighborho&dr erosion, the neighborhood consists of the on

pixels in the struiiring element.

The state (i.e., on or off) of any given pixel in the output image is deterniigegbplying the erosion
rule to the neighborhood pixels for the correspondipgel in the input imagePerforming this
procedure for each pixel in the inpuhage determine the state of each corresponding pixel in the

output image.

For erosion, the neighborhood consists of the on pixels in the structuwiegnent. For dilation, the
neighborhood consists of the on pixels in gteucturing element rotated 180afjrees. (The center pixel

is still selectedbefore the rotation.)

RPN LAWESfta 2y 02NRSNAB 2F (KS klamer & ac@ayyoltside the (1 KS ™
image. These elements are assumed to caMémpixels.For every input pixel, theffect of erosion is

performed by overlapping the structural elemem the main input matrix so that pixel of interest is at

the center of neighborhood. The value of corresponding output pixel would be 1 if all the pixels in
neighborhood are 1 else &xanples of neighborhood, also called structuring elements are disk, square,

line etc.

We propose aimple two step approach of edge detectiondariassification.

Given an imageforegroundis extractedfrom the imag based on the maximum repeated H&e,
Saturation and Valuejalue in thecenter of the image exploiting the pattern noticed that the gusset

plateslies in he centerof the image This most repeated value is marked as the HSV seed value.
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All the pixe$ whose HSV values lie in a certain range of HSV seed value (the extent of the range acts a
threshold)are set to 1 and resio O producing a binary image. Theresholdis set based on trial and

error basis by counting thenaximum number of reasonable tputs from different imagesimage
morphing is performed to eliminate all the unconnected relatively small patainésh finallyresults in a

single large connected patch passing through ¢keater occupying a major portion of the image. The

image is furtler dilated by a significant amount so as to avoid the case of data loss possibly induced by

7 INIS

?

Two different approaches are tried &xtract foreground of the imageRGB and HSV

RGB: RGB stands for Red, green and blike color of each pixel in an image is formed by a
superimposition of the three primary color pigments. Their contribution affects the pixel dal@ach
pixel, its orresponding RGB values can be extracted in form of a vector.

From thecenter of the image, an image patch of considerable size is chosen and the most common
repeated RGB combination is usedtls seed. All the pixels that fall within a particular rangéwthe
RGBseed inthe center are set to positive and the rest negativgenerating a binary imageOne
drawback of this approach is the presence of yistght and dark patches on the gusset plateges,
very common scenario.

HSV: HSV stands for huesaturation and valuelt also is a common representation of a pixel color.
Similar tothe above method, the most common combination ldEVis chosen from thecenter, also
called HSV seed for reference. All the pixels that hold the HSV values withireagetof seed are set

resulting in &inary image.
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loregro!'d

extraction

Figurel3Examples of HSV based foreground extraction of a gusset plate

Asis clearly evident from the images abovhetoutputs generated bgxtracting foreground based on
HSVimethod outperfornsthe earlier method This is becauswith a specific focusariationin individual

hue, saturation and valueomponentsthe usual chaénges of dark and bright patches are handled.

Further, aseries of morphological operations are performed on the result such as filling the Rales (
binary imagesit changes connected background pixels (0s) to foreground pixels (1s), stoppéngitwh

reaches object boundarig¢$or a smoother output.

The result is the foreground of the imagevolving the gusset platéhe connecting beamscluding a

little background noise

5.3.2 STEP 2 Edge on or off Boundary

Given the foreground of the image which invdvthe gusset plate and the connecting bealosing the
background, a standard edge detection algorithm can be applied with lowest sensitivity. This is to only
record the significahand obvious edges and ignaitee noise or freckles created by the faségns or rust

on the platein the image.
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The results obtained can be processed further to retain and enhance the possible boundaries and clear
the edges which do not meet the estimated threshold. This threshold can be length of the edge in
proportion to theimage size, number of aligning edges etc. These thresholds can be set in an exhaustive

trial and error approach.

There are a variety of different challenges encounterdith the images at hand

The color of the gusset plates is usually silver grey with exceptions (a féauadtin dark pink shades.)

Due to the location of the bridges, the common background of these plates is both sky at the top half
and the sea in the bottom. Both thedackground elements fall into the same bin of color shade as the
plate, making it difficult to extract the foreground based on the color. Tiveshold of the range of

color shade selection is highly sensitive and exesmall variatiorends upregisterng the entire image

into foreground or even worsemisses a part of the gusset plate which is highly undesirable.

This is handled by taking the upper bound of the range so as to avoid missing the valuable gusset plate
data. This would again lead to a pfelm of including a lot of background noise but it is considered

hoping the next step of this approach to deal with it.

As the gusset plates are exposedhe natural elementsthey are usuallyusted. The russpreads more
with the ageof the gusset platesThe current method of foreground extraction based on tester
pixel color mayrove to be faulty in case tfie presence ofust in thecenter.

This is handled by taking a considerable portion of the image inghterso as to avoid the rust effect.

The images of the plates are taken in the broad daylighisleads to he loss of data in the image due
to bright patches and also dark shadows of the person taking the image. Both of these affect the
foreground extraction in the same way as the rust dogss is handled better by using the HSV based

extraction rather than the RGB.

Another issue with gusset plates is the presence of rust highly along the plate boundaries creating non

existing edges which armaisledas the boundaries.
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This is handled by taking a patch of considerable width (around 10 pixels) alongside tioatyoduring

the training instead of just the single pixel line boundary.

As described above, an attempt to extract the foreground from each image is made using color values.

The result generated is a binary image with only the foragtbpixels set.

Using canny edge detector, edges in the original image are detected with a very low sensitivity. This
implies that unless the intensity gradient is not significant, the corresponding pixel sequence would not
be recognized as an edge. Thadry image of edges thus generated is convolved with the foreground

binary image resulting in edges only in the foreground.

This is because, if the edges are detected on the extracted foreground from the original image, there
would benon-existingedges reorded. Hence, to avoid the faulty edges, edges are first detected in the

original image and then convolved with the foreground.

A series of computations are performed on these edges mentioned as below, to determine the

boundaries of the gusset plate.

It is evident that the gusset plate completely lies in the center of the imagédsasithped in the form of
a polygon of variable number of edges limiting to 8 in total.shun the obviously wrong boundaries,

the image is clipped on all the sides by 174 its size.

As the gusset plate boundary would beclosel polygon shape of maximum of 8 edges, it is sensible to
look for edges slanted in the range of 20 to 70 degrees in the top left area, 110 to 150 degrees in the top
right, 290 to 340 degrees in tHeottom left and 200 to 250 degrees in the bottom right portion of the
image. On the similar note, the edges on the middle top and bottom and middle left, right can be
searched in the range o0 to 20 and 70 to 110 degrees respectively. Each sectiogaisised by
exhaustively couting the number of set pixelfor each angle spanning between the declared range

extremes and recordinghe angle with the maximum data farcertain angle.

The edges in those particular angles are enhanced further by dilttemgmage using a line as a

structural element directed in the same angle.

Further, in each section, all the edges that do not meet the required minimum length of a possible

boundary are eliminated leaving only a few to consider. This minimum length agter a trial and error
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basis and is dependent on the size of the image. This is because an image with greater size holds more

number of pixels than the one of lesser size for the same actual length.

Leftover edges in each section are ranked based emtimber of aligning line segmentshd edge with
the maximum rank is chosen as the boundaries. A tie is resolved by choosing the edge closer to the

center.

All the edge lines in each section are extended so as to intersect the edge lines in the adjatienss
This results in a polygon that marks the boundary of the gusset pldie.output is overlaid on the
2NRAIAYEFE AYF3ISa Ay | ONARIKG Ftd2NBaOSyd 02t 2N 2N

The above approach is followed for the automaticubdary marking. The usés also provided an
option to correctthe detection and also manually drathe boundary in a simple click and drag mouse

application.

Figureld4 Examples of gusset plates with boundary detected and marked.






























































































































