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welding situations the process is naturally complicated and
nonlinear which makes the prediction of the result impossible
[1]. So in order to avoid any failure in the final products,
welding results always require quality control.

ABSTRACT
One of the simple, fast, and economical methods for
controlling the condition of a weld is checking its superficial
appearance. In this paper a method, based on the composition
of Image Processing and CAD algorithms is presented for
controlling different welding defects. The main purpose of this
project is omission of the human interference in Visual Test of
the weld. The main core of this system is a computer which
analyses the captured images of a CCD camera and extracts
the parameters of the weld such as size, position, surface
smoothness and etc. By putting the results of analyses
executed on the images captured from different sections of the
weld next to each other, a continuous, 3D model of the weld is
achieved. By comparison of this model with the standard
samples, the probable defects on the weld and the type of each
recognized defect is defined. Omission of human mistakes,
decrease in the costs, higher speed of the control line and
coincidence with the new production standards are the
advantages of this method. The presented method has been
implemented on the automobile rings manufactured in
Mashhad Wheel Manufacturing Co.
Keywords: Image Processing, Visual Test, Weld Defect

Detection and correction of the defects is a very time and
cost consuming process for the manufacturers. There are
many non destructive methods for detecting weld defects.
Radiographic tests, ultrasonic sensors and magnetic sensors
are of these kinds [2]. None of these methods can detect all
kind of weld defects. And among them visual tests has many
capabilities, and its main advantage is its simplicity and
rapidity. In this method the operator observes different weld
parameters such as weld position, weld length, and weld
width, continuity of the weld strip and possible porosity along
the weld.
Expert operators are the basis of this method. But
development of science and technology along with the
generative need of industry has encouraged the engineers to
represent new ideas and methods for detecting weld defects.
These methods not only increase the accuracy and the speed of
the control process but also decrease the costs of production.
The reliability of the products in this method is more and their
quality is more coincident with standards [9].

INTRODUCTION
Seam welding is one of the most important processes in
manufacturing. Because of the high temperature and various
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In the first paart of this pap
per the presennted method iss
descrribed. In the second
s
section
n the method for dimensionn
derivaation is represeented. The welld model generration using thee
deriveed dimensionss is described in the third paart. The fourthh
part is
i about defect detection from
m the generatedd model of thee
weld.. At the end off this paper wiith discuss on the results andd
the prroposed methood.
METHOD DESCR
RIPTION
C
Confidence
onn the productt quality in the
t
productionn
proceess and detectinng the defects on the surfacee of the piecess
such as cracks and corrosions aree the example of visual testss
usagees [11]. Using this method we can find surface
s
defectss
and irrregularities onn the parts. These methods because of theirr
simpllicity, fast proccedures and lo
ow costs have been
b
used in a
wide range of appllications. Usin
ng visual test we
w can surveyy
generral situations of a part. Th
he main probblem with thiss
methood is the necessity of the prresence of a trrained operatorr
whichh often followss many problem
ms such as:

Figurre 1 - schematic view
v
of extractinng the image of a section

I order to survey other defects of thhe weld spott,
In
calcuulating its lenggth and exact location is neccessary. So the
weldd is observed inn different andd consecutive sections.
s
In thiis
methhod the weldedd part rotates about
a
an axis and
a the imagees
are captured
c
from
m different secctions of the weld spot. Byy
succeession of thesee sections we generate a 3D
D model of the
weldd spot. Figure 2 shows 3 sam
mples capturedd from differennt
sectioons of a weld spot.
s

11- Necessity of
o the presencee of a full time operator
2 Its harmfull effects on thee health of the operator
2o
3 Effect of operator’s seelf discretion on the finall
3decision
4 Low speedd
45 Human mistakes
5The quality of a good and
T
d appropriate weld can bee
recoggnized from different elemen
nts such as streength, externall
appeaarance, withstaand against fatiigue and etc. Size of the spot,
the poosition of the weld
w
and its strructure are som
me of the mainn
param
meters in weld defects detecttion using visuual tests. So forr
havinng a precise survey
s
all of these parametters should bee
extraccted. In this prroject for extraacting differentt parameters off
weld spot we have used
u
a method
d based on the composition
c
off
imagee processing methods
m
and CAD
C
algorithm
ms. The projectt
has tw
wo main partss, extracting weld
w
model froom the imagess
and then
t
comparisson of this model
m
by a refference modell
whichh is acceptablle and detectin
ng the possiblle defects. Inn
modeel extraction paart we first radiiate a laser beaam on a sectionn
of thee weld. Its projjection is then captured with a CCD cameraa
and transferred
t
to a computer. In the compuuter the imagee
proceessing operatorrs are applied to
t the images and
a the profilee
of thhe section is extracted.
e
Using a calibratiion matrix wee
conveert this segmeent of points to a matrix of
o dimensions.
Afterrwards a B-Spline curve is fittted on the extrracted segmentt
whichh contains all of the numeraal parameters this section off
the weld
w
spot. Deptth, size and thee quality of thee section of thee
weld can be calcullated from thiis matrix. Figuure 1 shows a
schem
matic view of thhis method.

Figurre 2 - 3 samples of the images caaptured from diff
fferent sections oof
a welld spot

The generatedd model is then compared with
w a reference
sampple and other weld
w
defects likke defects in thhe length of the
weldd spot or its location, if any caan be recognizeed.
DIMENSION EXT
TRACTION FROM IMAGE
ES
E
Extracting
d
dimensions
frrom the im
mage requirees
consuumption of sppecial mathemaatical methodss called camera
calibration [3]. Callibration is a conversion
c
whiich correlates a
pointt in the 3D cooordinate with itts match point in the plane oof
the im
mage. In orderr to calculate thhe calibration matrix,
m
internaal
speciifications of thhe camera likee numeral speecifications andd
opticcal specificatioons and externnal specificatioons like camera
posittion and orientaation should bee encountered [4].
For calculatingg the values of
F
o the calibrattion matrix we
have used the pinhhole camera moodel. This moddel is based onn
the light
l
locomotioon in the straaight line. In this
t
model anyy
pointt in the coordinnate of the objject is connecteed to a point inn
the planar
p
coordinaate of the imagge with a straigght line. Figure
3 shoows how a poiint in the 3D coordinate
c
is correlated
c
to itts
projeection in the plaane of the imagge.
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~ ⎥+⎢ ⎥
⎢ V ′⎥ = ⎢
⎣ i ⎦ ⎣ DVVi ⎦ ⎣ V0 ⎦

(3)

The pinhole camera model is a good approximation for
representing the process of image constitution which
simplifies the mathematical equations and is always valid in
most of the applications, except in very accurate applications.
In the exceptions it is also used as the base model and for
correcting the unevenness of the image in some areas, some
correction coefficients are applied.
In most of the cases the physical characteristics of the
camera are not regarded. And the calibration matrix values are
calculated using algebraic equations on some specific points.
Using a transmission matrix the dimensions of the points are
converted from the coordinates of the part (Xi,Yi,Zi) to the
coordinates of the image (Ui, Vi). Equation (4) shows this
transmission.

Figure 3 - correlation of points to their image in the pinhole camera
model

In this model the coordinates of the camera is located in
the center of transmission regarding the coordinates of the part
(Xo,Yo,Zo) and the axis of the camera coordinate is
perpendicular with the axis of the coordinate of the part. For
representing the rotation equations of the axis we have used
the equations of Euler’s degrees. Transmitting a desired point
P defined by (Xi,Yi,Zi) from the 3D coordinates C to the
coordinates of the camera requires a rotation and a
transmission. So we have:
⎡ xi ⎤ ⎡ m11 m12
⎢ y ⎥ = ⎢m
⎢ i ⎥ ⎢ 21 m22
⎢⎣ zi ⎥⎦ ⎢⎣m31 m32

m13 ⎤ ⎡ X i ⎤ ⎡ x0 ⎤
m23 ⎥⎥ ⎢⎢ Yi ⎥⎥ + ⎢⎢ y0 ⎥⎥
m33 ⎥⎦ ⎢⎣ Z i ⎥⎦ ⎢⎣ z0 ⎥⎦

[U ] = [A][X ]
⎡ui wi ⎤ ⎡ a11
⎢ v w ⎥ = ⎢a
⎢ i i ⎥ ⎢ 21
⎢⎣ wi ⎥⎦ ⎢⎣a31

⎡X ⎤
a14 ⎤ ⎢ i ⎥
Y
a24 ⎥⎥ ⎢ i ⎥
⎢ Zi ⎥
a34 ⎥⎦ ⎢ ⎥
⎣1⎦

a13
a23
a33

(4)

a
For calculating the twelve unknowns ij we need the
dimensions of at least twelve points in coordinates of the part
and the corresponding dimensions in the coordinates of the
image. By omission of wi from the above equation the
following equations are derived.

(1)

This transmission has 6 degrees of freedom, 3 of which
belong to rotation and the other 3 degrees of freedom belong
to the transmitting matrix. Transmitting point P from the
coordinate of the part to the coordinate of the image also
depends on the camera specifications, such as focus distance
of the lens, ratio of the length of the image in horizontal
direction to the vertical direction “Su” and the center of the
image (U0, V0). For converting the metric dimensions to pixel
calculating the constants Du and Dv are necessary. Because
these constants depend linearly on f and Su, we can calculate
them from f and Su. For converting the dimensions of point P
from the coordinates of the camera to the coordinates of the
image we can use equation (2).
~
⎡U i ⎤ f ⎡ xi ⎤
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a = [a11

a12

a13

a14

a21

a22

a23

a24

a31

a32

a33

a3

(6)
La = 0

(2)

(7)

By using the dimensions of the points in the image and
their corresponding dimensions in the 3D coordinates the

These equations show the dimensions in metric units. So
for converting them to pixel units we use equation (3)

values of
a ij = 0

3

aij

are calculated. To avoid the evident result

2
2
2
the constraint a31 + a32 + a33 = 1 is suggested.
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In the specific situation in which all of the points of the
part are in a plane, the constants a13 , a23 and a33 are multiplied
by z = 0 . So the number of unknowns is reduced to 9 and
equation (4) in simplified as follows:

⎡ui wi ⎤ ⎡ a11 a12
⎢ v w ⎥ = ⎢a
⎢ i i ⎥ ⎢ 21 a22
⎢⎣ wi ⎥⎦ ⎢⎣a31 a32

a13 ⎤ ⎡ X i ⎤
a23 ⎥⎥ ⎢⎢ Yi ⎥⎥
a33 ⎥⎦ ⎢⎣ 1 ⎥⎦

To avoid the evident result
2

2

(8)

a ij = 0

Figure 5 – projection of laser beam on the weld section

the constraint

Edge detection result is a binary matrix in which the
points on the edges are 1 and it’s other points are 0. But
because of the various electrical, magnetic and optical effects,
the image captured from the camera has too many noises. And
edge detection on these image increases the effects of these
noises which may influence the accuracy of the method in the
next steps. In order to decrease these noises we have used the
Gaussian Median Filter. By consuming the image as a
continuous and 2D function, f(x,y). Equation (9) shows the
general matrix G(x,y), resultant of applying Gaussian Filter.

2

a33 = 1 − ( a11 + a32 )

is suggested. By using this equation the
number of unknowns is reduced to 8. In order to find these
unknowns we need the dimensions of 4 points in the 3D
coordinate of the part and their corresponding dimensions in
the coordinates of the image.
These points are defined using gages with specific
dimensions as shown in figure (4). The figure shows a
12*12*12mm gage on which a laser beam is projected. The
incidence point of the laser beam and the edges of the gage are
specified by markers.

G ( x, y ) =

1

−

2πσ 2

e

x2 + y 2
2σ 2

(9)

This equation shows the general form of the Gaussian
Filter in the continuous 2D plane, in which σ is the paragon
deviation. In the discontinuous plane this filter is
approximated by a 2D matrix. In this case for simplicity of the
equations we have approximated the filter with a 5*5 matrix.
Equation (10) shows this matrix.

G5×5

Figure 4 – a gage on which a laser beam is projected

⎡ 0.003
⎢0.0133
⎢
= ⎢0.0219
⎢
⎢0.0133
⎣⎢ 0.003

0.0133
0.0596
0.0983
0.0596
0.0133

0.0219
0.0983
0.1621
0.0983
0.0219

0.0133 0.003 ⎤
0.056 0.0133⎥⎥
0.0983 0.0219 ⎥
⎥
0.0596 0.0133⎥
0.0133 0.003 ⎥⎦

(10)

This filter eliminates the noise effects on the points. Using
a larger Gaussian Filter and a greater σ decreases the accuracy
of the measurements.

Using these points we calculate the calibration matrix with
which we can calculate the dimension of the points in the
image.

The edges in the image always contain useful
information. Generally edge is the boundary of major variation
between two parts of an image and there are various methods
for edge detection in image processing references.

SECTION COMPUTATION
A rescaled view of a section of the weld on which laser
beam is projected is shown in figure 5. For extracting the weld
section from this image there are standard methods in digital
image processing which has been discussed in edge detection
section.

As described edge detection is defining locus of the image
function f(x,y) deviations. Here the image is 2D so we use 2
variants and partial differential equations to calculate the
deviations. The equation below shows the differential of the
function f(x,y).

4
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,

Figure 7 shows the final result of image processing.

,
,

(11)

,

The equation shows the gradient of function f(x,y) and the
magnitude of the gradient vector shows the deviations of the
function f(x,y) in the direction of the gradient vector.
,

(12)

By thresholding on magnitude of the gradient vector the
edges of the image are detected.
Figure 7 - The detected edge in the image and the final result of
image processing section

Because the magnitude of f(x,y) can’t be calculated
continuously, it’s gradient is not analytically computable. So
the gradient is calculated approximately. There are many
methods for approximating the gradient of the image which
are 2D and their convolutions are calculated in the image
matrix. Among these methods Sobel Mask is more applicable
and has less sensitivity to the disarray of the image.

This binary image defines the dimensions of points on the
laser beam. Now in order to calculate the 3D model of the
weld we need to fit a desired curve on these points.
CREATING THE WELD MODEL
Since 1970 useful characteristics and various
advantages of B-Splines has made them one of the standard
tools for representing the curves in every branches of
engineering. The result of image processing is a pile of
discontinuous data which should be represented in a desired
form. B-Spline curve is an appropriate method for
representing these points. And fitting a B-Spline is one of the
applicable problems in engineering. In this project we have
used SDM1 for fitting B-Spline curves which is one of the
most applicable methods of curve fitting.

Equations (13) and (14) show the Sobel Mask and how its
convolution is calculated.
⎡ − 1 0 1⎤
⎡− 1 − 2 − 1⎤
⎢
⎥
S y = ⎢⎢ 0
0
0 ⎥⎥ , S x = ⎢ − 2 0 2⎥
⎢
2
1 ⎥⎦
⎣ − 1 0 1 ⎥⎦
⎣⎢ 1

,

1

1,
2

(13)

1,
1,
1,
1,

1
1

(14)
If we have n+1 control points P0, P1 … Pn+1 and
the nodal vector U
u , u , … , u , using base functions of
B-Spline curves which are shown in equations (16) we can
compute a p order B-Spline curve as shown in equation (17).

2
1,
1
The algorithm used for creating the binary matrix and its
schematic is shown in figure 6.

,

0
1
(16)

,

,
,

(17)

,

Figure 6 – Schematic steps in creating binary matrix

The general form of the condition applied for creating the
binary matrix is shown in the equation (15)

There are three major characteristics of base function of
B-Spline which makes our model suitable for the project:

,
1

,

,

(15)
1

0
5

Squared Distance Minimization
Copyright © 2008 by ASME

1- The curve’s order is not dependent on the number of
control points.
2- The base functions of B-Spline curves are not zero in
determinant nodal ranges.
3- We can correct the curve not only by changing the
control points but also by changing the nodal vector.

,

,

,

,

,

,

,

…

,

(26)
Using equations 24, 25, 26 all the data required for
interpolating the curve are calculated. Now by inverting
and multiplying it by Q, P matrix can be derived.
Figure 8 shows the interpolation of a curve on the known
points.

If n+1 data points are known, we need two other data to
calculate the B-Spline which are number of control points h+1
and order of the curve p. there is also a relation between these
data.
1

,

(18)

The curve collides with the start and end point so:
0

,

1

(19)

Now the coordinates of h-1 control points are unknown
which can be calculated using the following equations.
∑

,

,

,

(20)
And the amounts of the error function can be calculated:
∑

,…,

|

|

Figure 8 – Interpolated B-Spline on the binary points calculated by
edge detection

(21)

By assuming f function as the error function, only control
points which minimize the amount of f are accepted. By
recalculating the difference of a point by its corresponding
position on the curve we have:
,

∑

This curve represents one section of the weld. But for
completely modeling the weld we need to calculate
dimensions of more sections of the weld. Now we can create a
continues model of the weld.
For every desired situation we need a kind of hardware
which can capture images from different sections of the weld.
Because the main aim of this project was defect detection in
the welds used in automobile wheels we designed a rotating
system which could easily rotate the part and capture images
from different sections of the round weld. Figure 9 shows a
weld model generated from 40 sections of the weld.

,

(22)

,

For simplifying the formulations, Q is defined as follow:
,

,

(23)
By simplifying equation 21 and using equations 22, 23,
after differentiation and simplifications a simplified matrix
form of the equation are computed:
(24)
N,P,Q are calculated using the following equations:

,

∑
∑
∑

,
,

Figure 9 - weld model generated from calculating 40 sections of a
weld on automobile wheel
,

(25)

After modeling the weld by comparing it with valid welds
we can define weld quality and possible defects created during
welding process.

6
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DEFECT RECOGNITION
Recognizing weld defects from its external appearance is
a fast, simple and low cost process which shows weld quality.
Figures 10 and 11 show a valid weld and an incomplete weld
with cavity.

Figure 11 - an invalid weld with cavity

There are different kinds of exterior defects. In this
project the following defects are recognizable.
1.
2.
3.
4.
5.
6.

Figure 10 - an example of a valid weld on automobile wheel

Surveying weld position
Surveying weld width and its uniformity
Continuity of weld chains
Surveying possible holes in the weld
Surveying possible porosity in the weld
Surveying possible scorch on weld surface

These defects are recognizable by comparing the 3D
model generated from the weld and a healthy and valid weld
sample. Figures 12 to 14 shows some weld models generated
from valid and invalid welds with different defects.

Figure 12 - a valid weld model used as reference for defect detection

7
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Figure 13 - Invalid weld because of miss positioning

Figure 14 - Invalid weld because of cavity occurrence in the middle of the weld

from production process in Mashhad Wheel Manufacturing
Co. in which defects are detected only by operator’s visual
tests.

CONCLUSION
The presented article is a new and applicable method for
weld quality control based on 3D measurement of weld
indentation using modern image processing algorithms and
CAD transformations.

We have examined the potential of the described method
by checking the parts, in line with the QC station of the
company. All processes were carried out automatically, and
the range of the main parameters could be set regarding the

The applicability of the method is demonstrated through
indentation measurements of a batch of wheel welds obtained

8
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2- Boillot, iean-aul and Noruk, Jeffrey. The Benefits of laser
vision in robotic arc welding, American welding society –
welding journal, august 2002
3- Abdel-Aziz, Y. I. and Karara, H. M., 1971, Direct linear
transformation into object space coordinates in close-range
photogrammetry. Proc. Symposium on Close-Range
Photogrammetry, Urbana, Illinois, p. 1-18.
4- Tsai, R. Y. , 1987, A versatile camera calibration technique
for high-accuracy 3D machine vision metrology using off
the-shelf TV cameras and lenses. IEEE Journal of Robotics
and Automation RA-3(4): 323-344.
5- Grigorescu C., 2003, Contour Detection and Shape
Recognition in Image Analysis, PhD Dissertation,
University of Groningen
6- Pottmanna H., Leopoldsedera S., Hofera M., Steinera T. and
W. Wang., 2005, Recent advances and applications in
CAD, Computer-Aided Design Vol37 P751–766
7- Dierckx P. Curve and surface with splines, Oxford: Clarend
Press, 1993.
8- Eck M, Hoppe H. Automatic reconstruction of B-spline
Surface arbitrary topological type. In Proceeding of
SIGGRAPH 96, 1996. P325-34
9- Murakami K. Image processing for non destructive testing,
Weld Int, 1990. Vol 4. P 144-9
10- Kehoe. The detection and evaluation of defects in indusrial
ages, Ph.D Thesis, University of Surrey 1990.
11- Matsuyama K. Review on inspection technique for spot
welds, Lisbon, 1999.

required accuracy for every kind of product, avoiding the need
for any external intervention in the process. And we checked
the results of our method by the operator’s decision in visual
test method which in passage of time showed many more
advantages of the presented method such as:
Increase in the quality of the products, Decrease in
production costs and defect amendments, higher accuracy in
decision and opportunity for more accurate adjustments,
Decrease of harmful effects on the health of the operators.
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