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THE USE OF SCHLIEREN VISUALIZATION
METHOD IN THE DIAGNOSTIC OF OPTICALLY

TRANSPARENT POLYMERIC FOILS

Ĺıvia Syrová — Rudolf Ravas — Ján Grman
∗

The article concerns with the principles of the schlieren optical visualization method applied to the evaluation of the
properties of optically transparent polyolefine foils. The quality of images is a very important assumption of the visual
evaluation even when quantitative methods of description of foils images are used. In order to influence the final quality of
the image gained by the visualization methods it is necessary to correct brightness inhomogeneity of the image. In this way
we can gain images that are suitable for identification, comparison and defectoscopy of transparent polymeric foils. Statistical
approach allows useful classification of different types of polyolefine foils into classes. The successfulness of classification was
verified. Statistical methods allow to distinguish images of damaged foils that can be useful in defectoscopy. Experimental
results and their statistical interpretation are presented as well.
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1 INTRODUCTION

Optical visualization methods offer numerous advan-
tages in studies of hydrodynamic properties of fluids [1],
[2], they can provide useful information on visually in-
accessible objects such as optically transparent polymers
and, especially, polymeric foils [3], [4]. The most common
means of visualizing transparent materials is to record
the refractive behavior when illuminated by a beam of
visible light. The material density is a function of the
refractive index of the tested foil representing now in op-
tical terms a phase object. The light beam transmitted
through the tested object is affected with respect to its
optical phase, but the density or amplitude of the light
remains unchanged after passage. Optical methods that
are sensitive to changes of the index of refraction in the
tested field can provide information on the density distri-
bution and from the so-determined density values further
information on the properties of the tested material. The
intensity and direction of the optical beam leaving the
tested object depends on the material depth. The main
advantage of these methods is that they provide informa-
tion that can be used for further processing after photo-
graphic or digital recording.

¿From many optical visualization methods we have
chosen the schlieren method. In the fundamental arrange-
ment, mostly referred to as the Toepler system [1], a par-
allel light beam traverses the test object and is focused
thereafter by means of a lens or spherical mirror, named
the schlieren head. A knife edge is placed in the plane of
the light source image to cut off part of the transmitted
light. This Toepler schlieren system has found a great va-
riety of modifications. An optical apparatus constructed
after J. Bolf utilizes a modified schlieren head in the form

of a small circular diaphragm. Light is deviated along the
optical path from its nominal course in the absence of re-
fractive index variations. The amount of light deflection
generated by a transparent optical phase is measured [3].

In Fig. 1 is the fundamental optical arrangement of
the schlieren system.

The apparatus consists of the light source located at
the focal point of the condenser lens K . Beyond this lens
there is focal point D as the common point of the lens K

and the objective O1 on the optical axis. The collimated
light passes through the test object O0 (polymeric foil)
and enters the objective O2 that focuses the light to form
an image of the light source. The diaphragm D2 (a knife
edge in the original arrangement) is located at the focal
point of the second objective. A camera lens is positioned
beyond the diaphragm and located to form an image of
the light source (Fig. 2).

The camera objective focuses the test object onto the
recording plane, where a reduced intensity of light, de-
pending on the amount of light cut off by the carefully
adjusted diaphragm, can be observed. Without any dis-
turbances in the optical path, the original light source
will have uniform reduction in intensity due to the light
cutoff by the diaphragm. When there is a disturbance in
the optical path, the light rays will be deflected.

2 IMAGE PROCESSING OF

VISUALIZED POLYMERIC FOILS

The brightness disturbances can be caused by the in-
homogeneity of the light source, by impurities in the op-
tical path and by the noncollinearity of optical axes of
objectives O1 and O2 (Fig. 1). Experiments showed that
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Fig. 1. The optical arrangement of the schlieren system.

Fig. 2. Schlieren apparatus used for visualization of polymeric foils and detail of digital camera location.

Fig. 3. Examples of images : a) image without tested foil, b) with tested foil , c) image of the same foil after correction.

the last factor had a substantial influence on the homo-
geneity of the image obtained by the schlieren apparatus
[5].

For image processing it is necessary to correct the in-
fluence of light source inhomogeneity, the influence of the
optical string and of the sensing device on evaluation of
images gained by optical visualization of polymeric foils.
One of the possibilities is to use a reference image picked
up without presence of the test object. The reference im-
age can be taken as an image of errors of the whole opti-
cal system on the assumption that we have used a virtual
light source [6]. Correction of brightness errors is neces-
sary for further image processing by statistical methods.
The brightness correction can be evaluated from [7]

g(i, j) =
c

fc(i, j)
f(i, j) (1)

where f(i, j) are the values of brightness of the tested
foil (Fig. 3.b), fc(i, j) are the values of reference image
brightness in the same point (Fig. 3.a), c is a suitable

chosen constant and g(i, j) is the grey level of resulting

image (Fig. 3.c). In an ideal image of visualized foils the

changes of brightness reflect the changes of the refractive

index of the transparent foil. The refractive index depends

on the density of material through which light beams tra-

verses and the schlieren system visualizes the changes in

the first derivative of the density. In Figs. 4.a and 4.b are

the sharpened corrected images of two different samples

of a biaxially oriented PP foil (KX40) and in Fig. 4.c is

the sharpened corrected image of a mono oriented PP foil

(AG36) [8].

One can see that different foils have different charac-

teristic features that are well observed, images of differ-

ent foils can be distinguished and on the contrary images

of different samples show some similarity. Features show

some regularity of stochastic nature. One possibility how

to describe the nature of foils images is to use statistical

characteristics. Under the images (Fig. 4) are histograms

of relative occurrences of grey levels corresponding to the

images.



Journal of ELECTRICAL ENGINEERING VOL. 58, NO. 5, 2007 259

Fig. 4. Modified images of foils with histograms a) KX40 sample 1, b) KX40 sample 2, c) AG36.

Fig. 5. 3D-representation of the grey level co-occurrence matrix of foil images for d = 1 and α = 0◦ a) KX40, b) AG36.

It can be seen that there are similarities and differences
between histograms in regard to the position and shape.
The attributes of histograms can be numerical character-
ized using moments of distribution.

3 STATISTICAL PROPERTIES

The attributes of histograms can be numerical charac-
terized using moments of distribution as the mean value
of the grey level

m =
L

∑

i=1

xip(xi) (2)

and centred moments of the distribution of the kth order

µk(x) =

L
∑

i=1

(xi − m)kp(xi) (3)

or normalized moments of the distribution of the kth

order

µkN (x) =
µk(x)

[µ2(x)](k/2)
(4)

where xi is the value of i -th grey level, p(xi) is the rel-
ative occurrence of this grey level, which can be taken
as the probability of occurrence of grey level and L is
the number of grey levels in the image. The regularity
in structure of the foil can be described by the two- di-
mensional autocorrelation function. In order to quantify
properties of foils images it is possible to use the grey
level co-occurrence matrix [7], [9].

We can characterize it as a matrix with elements giv-
ing the occurrence of pairs of grey level in the defined
direction and distance. Such a matrix can reflect the na-
ture of image structure unlike the characteristics (2) and
(3). Indices of the matrix elements correspond to the grey
level of the pair. The matrix is square and symmetric to
the main diagonal. The number of grey level of the pre-
processed image determinates dimensions of the matrix.
Owing to the discrete character of the image the direc-
tion angles of pairs of pixels is quantized by step 45◦ .
The matrix for distance d = 1 and angle α = 0◦ can be
expressed by

P (i, j, d, 0) = #
{

[(k, l), (m, n)] | k = m ,

|l − n| = d , I(k, l) = i , I(m, n) = j
}

(5)
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Fig. 6. a) Projection of patterns of tested foils images to the plane mean value × variance, b) projection of patterns of tested foils images
to the plane mean value × variance (part of graph from Fig. 6.a).

Fig. 7. Projection of patterns of tested foils images to the plane a) (f1,1,90×f3,1,90 ) (contrast for d = 1 and α = 90◦ , standard deviation

for d = 1 and α = 90◦ ), b) (f1,1,45 × f2,1,45 ) (contrast for d = 1 and α = 45◦ , entropy for d = 1 and α = 45◦ ).

where (m, n) and (k, l) are coordinates of pixels sepa-
rated by distance d in the horizontal direction, i, j are
grey levels of such pixels, where symbol # denotes the
number of elements in the set. In order to calculate char-
acteristics from such a matrix it is more suitable to use
relative occurrences (frequencies) according to (5)

p(i, j, d, α) =
P (i, j, d, α)

∑L−1
i=0

∑L−1
j=0 P (i, j, d, α)

. (6)

In in Fig. 5, there are 3D representations of a section of
the grey level co-occurrence matrix for two different foil
samples. In [7], [9] are some features computed from the
co-occurrence matrix (6). From the suitable features we
can present contrast

f1,d,α =

L−1
∑

n=0

n2

{L−1
∑

i=0

L−1
∑

j=0

p(i, j, d, α)

}

|i−j|=n

, (7)

correlation

f2,d,α =

∑L−1
i=0

∑L−1
j=0 (ij)p(i, j, d, α) − mx,d,αmy,d,α

σx,d,ασy,d,α
, (8)

standard deviation

f3,d,α = σx,d,α , (9)

where the mean values mx,d,α , my,d,α and the standard
deviations σx,d,α , σy,d,α can be computed from (10)

mx,d,α = my,d,α =

L−1
∑

j=0

L−1
∑

i=0

p(i, j, d, α)

σ2
x,d,α =σ2

y,d,α =

L−1
∑

j=0

(j − mx,d,α)2
L−1
∑

i=0

p(i, j, d, α) ,

(10)

uniformity of energy

f4,d,α =

L−1
∑

i=0

L−1
∑

j=0

p2(i, j, d, α) (11)

and entropy

f5,d,α = −
L−1
∑

i=0

L−1
∑

j=0

p(i, j, d, α) log2 p(i, j, d, α) . (12)

4 CLASSIFICATION OF POLYMERIC FOILS

Under classification we understand the procedure of
decision on the assigning a foil sample to the defined class
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Fig. 8. Clustering of foils patterns in dependence on the 6th order normalized centred moment.

of foils or to the type of foils based on the processing of
the image of the visualized foil structure. The tool which
allows to assign a foil into classes is called the classifier.
One of possibilities is to use signature oriented classifiers.
Numerical features that are elements of the feature vector
are defined to the specific images. The endpoint of feature
vector is called the pattern of the foil. It is necessary to
find such signatures that allow to cluster patterns of foils
belonging to the same class and simultaneously allow to
separate subspaces of patterns of foils belonging to dif-
ferent classes. Then it is enough to create discrimination
functions allowing to divide the signature space into dis-
junctive subspaces. Each subspace will contain patterns
of only one class of foils in an ideal case. Such rules can be
derived only in simple cases. In more complicated cases
classifiers based on the principle of training such neu-
ral networks must be used. The convenience of statisti-
cal characteristics of foils images for the classification is
demonstrated.

To verify the possibilities of classification of foil im-
ages ten polyolefine foil samples, from which two samples
of the foil are the same, have been gained in the same
condition [5]. We chose the signature vector whose com-
ponents were the mean value and the centred moments

of distributions of the 2nd to the 4th order. In addition
to the whole images characteristics, we have also assigned
their four disjunctive parts. Figure 6.a shows a projection
of signature vectors of individual classes (classes are in-
dividual types of foil) into the plane defined by the mean
value and the variance. Using a suitable choice of sig-
natures there is a tendency to the grouping of patterns
of individual classified classes. In Fig. 6.b a detail from
Fig. 6.a is illustrated. Selected signature vector for given
groups of foils allows to create separable clusters in the
space of features that Fig. 6 demonstrates.

Figure 7 exemplifies the tendency to the grouping and
to the separation of patterns of the same classes as used
in the previous case. The features were computed from

the co-occurrence matrix. In order to gain a successful
classification for this set of foils it was necessary to use
a signature vector containing three elements, eg contrast,
standard deviation and correlation [10].

At present a frequently solution of the classification
problem is application of an artificial neural network.
Network topology depends on the number of features, on
the number of classes and on the number of hidden lay-
ers [11]. For the purpose of classification the feed-forward
supervised neural network gives good results. The most
popular is the multilayer perceptron containing one hid-
den layer. For experimental purposes the software system
that integrates the software modules necessary to verifi-
cation of arranged methods was developed. It is possible
to insert continuously foils samples that are together with
the calculated statistical characteristics into the database
system. From the database of foils samples it is possible
to create different sets determined to the neural network
training and the sets determined to the classifier test. The
system allows to select the structure of the neural network
and the choice of characteristics that are elements of sig-
nature vector. In order to experimentally verify the use
of neural network classifier foils images were taken by a
5-megapixel CCD digital camera. Images of 16 samples
of seven different types of foils were stored into database.
Good results were already achieved in the case of neural
network training with six casually selected samples from
each class. Successfulness of classification was 107 accu-
rate classified images out of 112 images. Unsuccessfulness
of classification was mostly influenced by the presence of
brightness fluctuation of deformations that are caused by
defects in the foils structure.

5 DEFECTOSCOPY OF POLYMERIC FOILS

The main problem of defectoscopy is to detect or to
locate areas in the tested object, in our case in the poly-
meric foils or in the images of foils, which correspond to
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Fig. 9. Images of parts of foil KX30D ordered according to the growing value of centred moment of 6th order.

Fig. 10. Images of parts of foil KX40D ordered according to the growing values of centred moment of 6th order.

disturbances or inhomogeneities that are present in the

tested material. Images of the foils without defects are
characterized by regularity of the stochastic nature of the

structure. In the case of images with defects the damaged

areas will be characterized by a different structure. One

of the possibilities of defects detection is visual compar-
ison of images of foils with and without defect to which

papers [4] and [12] pay attention. In order to increase the

effectiveness of comparison it is possible to use other tools

of image processing such as sharpening or equalization of

histograms.

These structures can be described by numerical char-

acteristics calculated from the histogram of grey level oc-

currence. From the tested characteristics the best results
have been achieved using the even order centred moments

of distribution [13]. To verify the possibilities of inhomo-

geneities we detected foils images of 16 foil samples from

which 6 had defects. Statistical characteristics calculated
for the whole foil image and for their four parts created by

division of foil image into four parts have been compared.

For illustration there is the graph in Fig. 8 that demon-
strates the values of the normalized moment of 6th order

for all tested foils and for their parts. One can see that

variance of the values of calculated moment for individual
images and for their parts depends on the homogeneity of

foils images. The maximum variance of values has been

observed for foil KX30D (in Fig. 9 parts of foil image are

ordered according to the growing values of normalized
moment). In Fig. 10 are parts of foil KX40D ordered in

the same way as in Fig. 9.

The experiments showed that detection of anomalous
parts of foil image using normalized centred moments of

even order was suitable for more extensive defects (com-

parable with dimension of image). For smaller anomalies

it is suitable to use centred moments according to the

formula (4).

One can see from Fig. 8, that for detection of more ex-
tensive defects it is possible to compare statistical charac-
teristics calculated from the whole image, which is espe-
cially marked when comparing the values for foils KX30,
KX40 and ON30 (eg foils without defects) with the im-
ages of corresponding foils with defects (KX30D, KX40D
and ON30D). The maximum value of centred moment of

6th order calculated from the whole image is for KX40D
after that follow centred moment values of foils KX30D
and ON30D. In all mentioned cases values considerably
differ from values calculated for the foils without defects.

6 CONCLUSION

Physical properties of plastic foils are related to their
production. Many foils have scratches most, of them are
derived from the manufacturing processes where the poly-
meric film runs over rollers.

The evaluation of the quality of polymeric foils is an
important part of their production. Naturally, the choice
of parameters describing the images of foils depends on
the application. For the purposes of testing we have cho-
sen samples of foils commonly available on our market,
namely safety window foils (for house and vehicular win-
dows) and foils used in food industry.

Visual quality assessment allows location of places
with elastic strains marked by variations in the level of
brightness (grade of grey) on pre-processed images. This
method is suitable for on-line evaluation of the quality of
foils in their production. There are samples of tested foils
without and with defects. On some types of foils we have
deliberately created defects for the purpose of visualizing
the area of strain as illustrated in Figs. 9 and 10.

Comparison of several areas of images gives informa-
tion on the average segment shade distribution and en-
ables us to identify larger defects by comparing the his-



Journal of ELECTRICAL ENGINEERING VOL. 58, NO. 5, 2007 263

tograms or using the co-occurrence matrix suitable for
identification of various samples of foils because the shape
of histogram depends on the structure of the foil.
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