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Abstract

A new camera based machine vision system for the automatic inspection of surface defects in aluminum die casting was developed by the
authors. The problem of surface defects in aluminum die casting is widespread throughout the foundry industry and their detection is of
paramount importance in maintaining product quality. The casting surfaces are the most highly loaded regions of materials and
components. Mechanical and thermal loads as well as corrosion or irradiation attacks are directed primarily at the surface of the castings.
Depending on part design and processing techniques, castings may develop surface discontinuities such as cracks or tears, inclusions due
to chemical reactions or foreign material in the molten metal, and pores that greatly influence the material ability to withstand these loads.
Surface defects may act as a stress concentrator initiating a fracture point. If a pressure is applied in this area, the casting can fracture. The
human visual system is well adapted to perform in areas of variety and change; the visual inspection processes, on the other hand, require
observing the same type of image repeatedly to detect anomalies. Slow, expensive, erratic inspection usually is the result. Computer based
visual inspection provides a viable alternative to human inspectors. Developed by authors machine vision system uses an image processing
algorithm based on modified Laplacian of Gaussian edge detection method to detect defects with different sizes and shapes. The defect
inspection alaorithm consists of three parameters. One is a parameter of defects sensitivity, the second parameter is a threshold level and
the third parameter is to identify the detected defects size and shape. The machine vision system has been successfully tested for the
different types of defects on the surface of castings.

Keywords: Non-destructive testing, Castings defects, Machined aluminum die castings, Image processing algorithms; Vision system
inspection

the joined surfaces include: handles of transmission systems,
cylinder pistons and cylinder front faces in endine bodies. Their
functionalitv and aualitv is a critical factor for the failure-free
operation. Additionally, small dimensions of pores cause various
difficulties when it comes to revealinag the presence of defects in
castings by non-destructive methods of inspection. Thus, the
detection and measurement of surface defects in products are

1. Introduction

Aluminum allovys (Fia.1) are widelv used in all fields of
technoloay, especially in aviation, the railway and road
communication, in the marine industry, chemical industry and
machine constructions. The casting process can result in the
occurrence of internal discontinuities such as cracks. blowholes.

shrinkace porosity and cas porosity, etc. The presence of these
defects is often the cause of casting reiects, as they deteriorate the
mechanical properties, make casting walls lose their tightness and,
as a consequence, reduce the quality of the joined surface. The
typical structural elements extremely sensitive to the quality of

amona the nroblems of nroduction quality most important and
difficult to solve in many industries.

The purpose of the project is to create a computerized system
for the determination of quality of aluminum castinos, such that
will open new scientific and research capabilities and will create
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opportunities for a better understanding of the phenomena
accompanvinag the formation of surface defects in castinos. This
will lead to better understandina and scientific exploration of
factors limiting the casting process of aluminum parts. Studies of
this tvoe will help future efforts for an early elimination of surface
defects.

Fig. 1. Ek'émpes of aluminum castings

Special importance, therefore, gains the possibility to create a
relativelv easv svstem detectina the defects in castinas after
machining, thus eliminating their necative post-effect durina
operation and ensuring proper back flow of information on the
presence and type of defects from the casting user to the producer
of castinas.

The commonlv used solutions based on visual insnection of
the surface appearance of the examined part are suitable only in
the production area of varied assortment and short lots of the
manufactured products, and as such are characterized by the high
cost and an outcome which larcelv depends on the human factor.

Buildina an intearated vision svstem for on-line control and
inspection will make a basis for the development of this type of
industrial equioment, the use of which can brinag sianificant
benefits throuah improvement of the quality and economics of a
sianificant part of the engineering and automotive industry
production.

2. Current state of knowledge

In recent years, various solutions were presented in the search
for defects on the surface of cast aluminum enaine blocks (Fia.2).
One of them is the method of ultrasonic evaluation of the dearee
of porosity in castings of aluminum alloys [1, 21. This method is
based on measurements of the damnina coefficient and velocitv of
ultrasonic waves. Chanaes in the amplitude of these waves due to
attenuation contain information about the reasons which cause
their occurrence. The major limitations of this method include the
size and shape of defects and their orientation, making this
method less acctirate

Another technigue, which actually belonos to the most famous
non-destructive methods is the technique based on X-rays [3, 41.
However, this method is very expensive and difficult in
adantation to the conditions of production line without stopping
the assembly line.

Using computer vision inspection is another, cheaper
alternative, with no need to interrupt the assemblyv process to take
the measurements. Currently, in the methods of computer vision
inspection, two solutions are mainly used [5, 61. The first is based
on matchina techniaues. where the surface to be tested is
compared to an ideal surface and any type of the detected
deviation is recarded as surface defects. The second solution
searches for predetermined tvpes of defects. Both solutions are
characterized by a high ratio of bad bettina patterns and appear to
be insufficient for the exoloration of surface defects in nroducts
such as cast aluminum enaine housinos. Therefore, the authors of
the proiect proposed a new method, based on a combination of
advanced lighting and a modified algorithm for edoe detection of
defects, aided with analysis of the learning systems (e.q. neural
networks). allowina for an unambiguous identification and
classification of surface defects.

S PSR

Fig. 2. Examp le of surface defect

The problem of measurement of defects in aluminum castinos
is a widelv understood aspect concernina defects in the foundrv
industry redarded as the most important element of the production
quality of such products. There is a laroe aroup of cast parts,
which are subiected to hich working loads durina operation,
which makes the task of obtaining high quality of the joined
surfaces in these devices the one of a paramount importance.
Unfortunatelv, these surfaces are exposed to the formation of
numerous surface defects as a result of the operation of
mechanical, thermal and corrosive effects. Depending on the
desion and workmanship technoloay, casting processes may
contribute to the formation of surface defects such as cracks or
pores, which sionificantly limit the suitability of the material to
carry heavy loads.

In spite of a sianificant proaress in monitoring and controlling
processes, the presence of defects in castinas is an important
issue. This is particularlv true in the case of defects that become
apparent only at customer’s premises, after removing an outer
laver of the casting skin in the machining process, rarely durina
operation. Frequently, especially in the case of mass production,
the inspection carried out in foundry does not have the possibility
to examine all castinas for the occurrence of internal defects. and
hence havina them disclosed by the customer is the situation
rather inevitable. This is why quite special importance has the
opportunity to create a relatively easy way for the detection of
defects in castinas after machinina, which will eliminate the
adverse effects of their nresence durina operation. ensurina at the
same time proper back flow of information on the presence and
type of defects from the customer to the producer of castings.
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Preventing defects always consists of four stages: defect
detection, identification of its type, establishing the causes and
b)

RN, b

e PR S A 2 Loi v - | -"._ % ¥ A ¢ &'L"u i
Fig. 3. Examples of different types of defects revealed on the casting surface after machining: a) blowholes, b) shrinkage porosity,

measures leading to a removal of the source of the defect.
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c) shrinkage cavity

The first two staces must be completed in the place where the
machining of castinas is done.

About 50 types of defects were classified, of which internal
defects in the form of areas of different size and shape not filled
with metal, i.e. voids or foreion matters — contaminating the
metal. thouoh formina a relativelv small aroun. are the most
severe, because of problems with detectability and impact they
have on the operational properties of the product. This group
includes the followina defects (Fia. 3) [7.81:

1) Blowhole, representing a void in metal, round or oval in shape
with smooth walls. Blowholes can occur in different parts of the
castina, usually in aroups. There are two main reasons that
account for the formation of blowholes: cas emitted from the sand
mould or core, and gas emitted from the metal during
solidification (rarely).

2) Porositv. renresentina a cluster of numerous. small and situated
close to each other, voids, sometimes contaminated with sand or
oxides. Generally, it can arise as a result of processes similar to
those that are responsible for the formation of blowholes, but in
the case of cas evolution from metal during solidification,
porositv is usuallv combined with metal shrinkace.

3) Shrinkace cavity, representing a void in metal, tvpically of
conical or cvlindrical shape, often with irreqular, coarse-crystal
(very rouch) surface. It arises as a result of shrinkage (reduction
in volume) of allov durina solidification. in the case of an
insufficient feeding of the castina with liauid metal.

4) Microshrinkage (or shrinkage porosity), which forms a dense
cluster of small (or very small - microscopic) voids with sharp
contours and rouch walls. It arises as a result of non-compensated
shrinkace durina solidification (lack of liauid metal feedina) and
can be treated as a scattered shrinkace cavity. The nature of the
microshrinkace (centered cavity or scattered) mainly depends on
the chemical composition of the alloy, and on the temperature
gradient in casting [9].

5) Slaa inclusions. which are the inclusions of different oriains.
shapes and sizes, occurring in the melt. Most commonly it is the
slag on the surface of molten metal in a pouring device.

6) Sand inclusions, which are irreqular, varvina in size, places in
the alloy volume, filled with molding material. Sand inclusions

are caused bv erosion on the mould cavitv surface or nenetration
of molding sand into the mould cavitv due to other reasons.

7) Foreian metal, which in the case of aluminum alloys can occur
in the form of non-melted pieces of the alloying elements.

Amona the above-described defects, the most frequent
internal defects revealed durina machinina of aluminum allov
castings are blowholes, and odas and shrinkage porosities. On
defects of this type, studies described in this proiect will focus.
When the surfaces with defects are put in service, there is an
imminent dancer of sudden and unexpected failure, which clearly
disaualifies the functionalitv of the castina leadinato arave losses
in material and replacement costs. Typical structural elements that
are extremely sensitive to the quality of the joined surfaces
include: handles of transmission systems, cvlinder pistons and
cylinder front faces in enaine bodies. Their functionality and
aualitv is a critical element of their operation. In such cases.
careful inspection of the appearance of the surface in the
examined cast piece is of paramount importance. This method is
one of the most important non-invasive techniques belonaina to
studies of this type of damaces, and visual technique is one of the
most freauentlv used. A commonlv used control svstem based on
visual inspection is well adapted to operate in the area of a larce
variety of products, but it is characterized by hidh costs, is slow,
and the results larcely depend on the human factor. Therefore, a
method for comouter vision inspection, which is an alternative to
visual inspection, has been proposed.

3. Inspection methodology

The research on identification of defects include, first of all,
the development and configuration of the vision, liohting and
mechanical systems combined with advanced imace processina.
This combination of measurement devices and computational
technique will constitute the essence of a solution leadina to
desion and construction of a computerized vision system. It is
expected to capture images of the examined surfaces jointly with
the triocerina of alternately operating liohting and numerical
processing of these images. The starting point for a computer-
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aided image analysis of casting quality will be the desian of
proper liohting system, allowina for visual distinction of castina
defects on the machined surface. Hence, the proposed solution of
a liohting system (Fia.4) is based on the diffuse illumination in a
direction perpendicular to the sample 3. The picture of the
examined surface 5 with well visible pores and other on-the-
surface objects 4 passes through the lens 2 to camera 1.
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Fig. 4. A new camera based machine vision system for the
automatic inspection of surface defects
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Owing to the proposed solution in the form of an intearated
vision system it will be possible to eliminate the interference in
the visibilitv of the examined obiect falsifvina the correct
identification of surface defects. Next part of the project was
numerical processina of the imace to hidhlioht the obvious
defects in castinos. To achieve this goal, a modified filter called
"Laplacian of Gaussian", commonly used as a numerical tool to
identifv areas with abrunt chanaes of contrast edoes was used.
This filter has a hidh sensitivity, hence the two-step process of
imp lementation. First, smoothina the image usinag Gaussian filter,
and then designate the edoes of obiects with variable contrast
using Laplace filter. In practice, however, these two operations
are combined into one. usina an alternative character of the
second derivative operator, and brinding the Laplace- Gaussian
combination into a single equation, which is the solution proposed
by Marr and Hildreth [10]:

2 _
LoG(x,y)=— 1 1—X Y - (1)
T-O

where the characteristics of this filter are determined, first of all,
by the value of the sigma factor (o). This will allow continuous
adiustment of the sensitivity of the detection of defects, allowina
the user to specify the sensitivity level at which he can accept the

defects in the castina. To complete this solution it is important to
modify the filter described above by introducing to the numerical
procedure, an additional parameter (T), allowina the user to
chance the sensitivity of the detection of defects (flaws), which is
an factor limitina the use of this filter. To summarize the subiect
of the numerical procedure for image processing, a single discrete
convolution operation was used, thanks to a simplified form of
notation of the combined Gaussian and Laplace filters (1) at a
specific sioma value (determining the accuracy of the desianation
of defects - the first parameter). In the next step. an identification
procedure was run where the thus calculated function passes
throuah a zero point and ultimately reiect those areas where the
averace intensity values are smaller than the present value (the
second parameter which determines the sensitivity threshold of
the castina defect detection). Finallv. to aroun the identified
defects the third parameter (A) was used. which enables
determination of how to identify the detected defects basing on
their characteristic size and shaoe.

The model of a vision system presented earlier and the
descrintion of prooosed numerical analvsis of the imaces of
defective casting surfaces suodest that it is possible to make the
quality control of casting defects fully automatic. The proposed
algorithm for numerical imace processing will allow the detection
of defective areas, combined with continuous adiustment of
sensitivitv and aualitv of defects usinathe above mentioned three
parameters, which aives the user complete control over the
process of elimination of defective items.

In addition to the develoned numerical aloorithm for imace
processing, it is planned to use an advanced learnina process,
based on the methods of computational intellicence (CI. which
will allow automatic selection of the aforementioned coefficients
(0. A T), definina the quality of the process of detection of
defects and eliminating user’s participation in the system at the
initial stace of the search for its appropriate value. The input
auantities will be values of these factors. while the output auantitv
will be the correctness of detection. The latter quantity is
inherently of a discrete character, which means that it is not
continuous (e.a. 1 - the correct result of detection, 0 - wrona).
However, experience has shown (amona others, the experience of
the authors of the prooosal I111) that it is advisable to treat this
tvpeofan output quantity as continuous, althouah the learnina set
will contain only the extreme values, i.e. 0 and 1. This allows
easier evaluation of the importance and nature of the influence of
individual input quantities on final decision. It is expected to use
mainlv artificial neural networks of MLP tvoe as learnina
systems, well verified in numerous similar technical problems.
Since artificial neural networks require large data sets (in the
sense of the number of records), as an alternative learning system
CART nprediction trees will be applied, to obtain reliable results
also for scarce collections. Rearession trees and. additionallv.
classification trees operating on the output values of 0, 1 type,
will be tested and compared with neural networks. The source of
input data to the learnina process will be examples of the sets of
imaces of samples with defects. The result will be generatina sets
of coefficients. allowina for the start uo of the process of
numerical image analysis, enabling the correct detection of
defects.
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a) b)

Fig. 5. The results of preliminary studies: a) an

ew camera based machine vision system for the automatic inspection of surface defects; b)

c)

results of identification of surface defects, ¢) original image

4. Application results

To verify the proposed methods for identification of defects in
castinas, preliminary studies have been conducted. For this
purpose, a vision system has been desioned and prepared (Fig. 5a)
to determine the feasibility of implementation of the tasks covered
bv proiect desion. The basis for analvsis were imaces of the
aluminum alloy samples and examining the possibility of
identification of surface defects using the proposed numerical
solution. The studies helped to demonstrate that image processing
and the techniaue of lichtina allow the identification of surface
defects. Examples of samples with well visible detected defects
are shown in Fia. 5b and 5c.

Additionally, studies carried out in recent years by the
authors, both in Poland and abroad. in the research centers and
companies implementina the latest measurement techniaues in the
automotive industry, helped to develop a number of solutions to
promote better understanding of the causes of surface defects. The
studies resulted in the development of a patent [12]. in numerous
presentations, proiects and publications [13-151, and in the
particination in numerous works on the adantation of some of the
solutions to the needs of the automotive industry [161. The results
of these studies have become a source of information for the
newly created solutions in the field of computer vision inspection
of surface defects in cast aluminum.

5. Summary

The scientific obiective of the proiect was to develoo and
build computer based vision systems for on-line inspection of
surface defects in products, especially discontinuities which
appear in castinas after machinina. The essence of the research is
to provide a method for obtaining and analvzina imades of the
inspected surfaces. to allow an unmistakable and consistent
finding of defects and specifying their type.

In addition to the developed numerical algorithm for image
processing, it is planned to use an advanced learnina process,
based on the methods of computational intellicence. which will
allow automatic selection of the filter coefficients, definina the
quality inspection process. Presented in this paper a new vision
inspection system and imace processing algorithm were
successfully implemented to control and identify of surface
defects in die casting after machining.

References

[1] Kupperman, D.S., Reimann, K.J., and Abrego-Lopez,
“Ultrasonic NDE of Cast Stainless Steel’, NDT
International, Vol. 20, No. 3, June 1987, pp145-152.

[2] Nelligan, T.J., "Ultrasonic testing of nonferrous castings",
Die Casting Engineer, Vol. 36, pp14-16, March 1992.

[3]1 D. Mery, Th. Jaeger, and D. Filbert, “A review of methods
for automated recognition of casting defects,” Insight, 44(7),
2002. pp. 428-436

[4] F. Herold, K. Bavendiek, and R. Grigat, “A third generation
automatic defect recognition system,” Proc. 16th World
Conference on Non Destructive Testing, Montreal, Canada,
Aug. 30-Sep. 3, 2004.

[5] Z.Xu, M. Pietikainen, and T. Ojala, “Defect classification by
texture in steel surface inspection,” Proc. QCAV 97
International Conference on Quality Control by Artificial
Vision, Le Creusot, Burgundy, France, pp. 179-184, May
1997, pp. 28-30,

[6] J. Kyllonen, and M. Pietikainen, “Visual inspection of
parquet slabs by combining color and texture,” Proc. IAPR
Workshop on Machine Vision Applications (M VA’00),
Tokyo, Japan, pp. 187-192, November 2000. pp. 28-30,

[71 Z. Falgcki: Analiza wad odlewoéw. Wydawnictwa AGH,
wydanie drugie, Krakow 1997.

[8] Analysis of Casting Defects. Publ. American Foundrymen’s
Society, 3d edition, Des Plaines, Illinois, USA.

[9] M. Perzyki inni: Odlewnictwo. WNT Warszawa 2003r.

ARCHIVES of FOUNDRY ENGINEERING Volume 11, Special Issue 3/2011, 231-236 235



[10] Marr, D. and Hildreth, E., “Theory of edge detection,”
Proceedings The Royal Society London, Vol. 207, 1980, pp.
187-217.

[11] M. Perzyk, A. Kochanski: Detection of causes of casting
defects assisted by artificial neural networks. Journal of
Engineering Manufacture, Proceedings of the Institution of
Mechanical Engineers, Part B. Vol. 217, (2003). pp. 1279 -
1284.

[12] S.J. Swillo, K.A. Iyer, S.J. Hu, “Optical system and method
for measuring continuously distributed strain”, US Patent #
7,036,364 (Uniwersytet Michigan), 2005

[13] S. J. Swillo, G. Lin, S. J. Hu, K. lyer, J. Yao, W. Cai, M.
Koc: Detection and characterization of surface cracking in
sheet metal hemming using optical method, Transactions of
NAMRI/SME, Vol. 33, Aug. 2005,

[14] S. J. Swillo, K. lyer and S. J. Hu: Angled line method for
spatially continuous strain distribution measurement in sheet
bending, Journal of Manufacturing Science and Engineering,
Vol.128, Issue 3, Aug.2006, pp.651-658,

[15] S. Swilto, A. Kocanda, P. Czyzewski, P. Kowalczyk,
Hemming process evaluation by using computer aided
measurement system and numerical analysis, 10th ICTP,
Aachen, Germany, September 25th-30th, 2011, accepted

236 ARCHIVES of FOUNDRY ENGINEERING Volume 11, Special Issue 3/2011, 231-236



