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ABSTRACT
This work presents a novel approach to detect automatically the position of dark fringes in birefringence images. These positions are
important for rheology (study of the flow of matter) applications, as
they allow indirect measurements of physical properties of molten
polymers without having to interact with the material. Our approach
uses mathematical morphology techniques to find the patterns that
characterize the fringes and detect the center position of each one
of them. The results are compared with manual measurements, revealing the superior precision of our method. They have also been
applied to the calculation of the stress field of some polymers with
good results.

where k = 1, 2, ..., n is the fringe order (see Fig. 1), λ is the
monochromatic polarized-light wavelenght, d is the depth of sample through which the light propagares and C is the stress-optical
coefficient that relates the stress and the index of refraction.
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1. INTRODUCTION
The study of the flow properties of a fluid has many applications in
industrial processes. In order to improve the industrial efficiency and
avoid trial-and-error procedures, the relations between the rheological properties of a polymer and its physical characteristics must be
studied [1–3].
A rheo-optical technique to analyze physical properties of
polymers that has recently resurfaced is the flow induced birefringence [4]. This approach is based on inducing a birefringence property on a fluid due to orientation of the polymer chains during flow
and infering the stress levels in the flowing polymer melts by relating
it to the birefringence using the stress-optical rule(SOR) [5–9]. This
rule states that the resulting image light pattern provides information
about the spatial evolution of the stress in the molten polymer. This
technique is successfully employed in [10] to distinguish between
two polystyrene grids and assess specific characteristics during a
complex industrial process.
One of the characteristics that must be analyzed when dealing
with birefringence images is the position of black fringes. The manual measurement of these positions is quite time consuming and
prone to errors. The aim of this paper is to propose a method, based
on mathematical morphology, that allows such measurements to be
performed automatically, yielding faster and more precise results.
In birefrigence experiments [11], the patterns of bright and dark
fringes are converted to a stress profile along the fluid flow. Along
the centerline, the shear stress component is zero and the principal
stress difference (PSD) is equal to the first normal stress difference,
and after some development [10]:
PSD = |N1 | =
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Fig. 1. Classical arrangements for birefringence observations showing the fringe order, whose centers are to be detected. (Adapted
from [10])
Equation 1 shows that having the position of each black fringe
and knowing the values of parameters given by the experiment, one
can determine the first normal stress difference along the centerline
of the outflow.
In order to introduce the proposed algorithm, the remaining of
this paper is organized as follows: Section 2 presents the most efficient fringe detection techniques in the literature. A step-by-step
description of the proposed fringe position detector is given in Section 3. Section 4 shows experimental results illustrating the capabilities of the proposed system and the conclusions are presented in
Section 5.
2. FRINGE DETECTION TECHNIQUES
There are several approaches to perform computer-aided fringe detection on interference fields. Methods based on image binarization [12] generate a mask to separate the bright and dark fringes.
This mask is then used to create a centerline for each fringe by
applying morphological procedures like thinning or skeletonisation.
Some techniques find local intensity maxima and minima and track
the intensity distribution [13]. Other methods employ differential

filters [14].
The most widely employed techniques on fringe detection model
the periodic characteristics of the fringes as a carrier modulated by
a signal [15]. Fourier techniques are used to obtain characteristics
such as the fringe position along the centerline [16]. These techniques are improved by the phase shifting algorithm [17, 18], which
uses a series of phase shifted interferograms to estimate fractional
fringe orders. Random phase-shifting algorithms [19, 20] provide
further improvements.
The proposed method deals with images recorded on a very
noisy framework, presenting variations in the dynamic range over
time. These preclude the use of intensity and binarization-based
techniques. Also, since such images can present several discontinuities and interferences between fringes, approaches based on the
fringe periodicity should also be avoided.
The approach used to deal with such noisy images is to employ
morphological techniques — such as watershed and top-hat/bottomhat operations — to simplify their structure, enabling a reliable determination of the position of the black-fringe centers. This information is then employed on the estimation of a pressure profile of the
polymer used on the experiment.

3. FRINGE POSITION DETECTION
The proposed method for detecting the positions of the black-fringe
centers is implemented in 4 steps, as illustrated in Fig. 2. In the
following subsections, implementation details are provided for these
4 algorithm stages.

Fig. 2. Block diagram of the proposed method.

3.1. Input image enhancement
In the intended application, the input images are usually ill conditioned, since the distinction of the light and dark fringes can be hard
to make. Some usual problems related to this issue are: gaps in
the clear fringes that unduly connect dark fringes, and “leakages” in
the light fringes making the dark ones fade between two consecutive
bright ones. Most of these problems are related to the noise present
in the experiment, creating poorly contrasted input images.
The approach chosen to deal with this issue is to add to the input image its morphological top-hat [21] and subtract its bottomhat [21]. The result is an image whose maxima and minima are
better defined.
Some examples of these problems and the results after the tophat/bottom-hat processing can be seen in Fig. 3.
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Fig. 3. Image enhancement using top-hat and bottom-hat techniques.
(a) and (b): original images; (c) and (d): enhanced images.

3.2. Minima contour detection with watershed
The rationale behind the proposed method is to relate the centers of
black fringes to the contours associated with the minima of the enhanced image. However, as one can see from the images in Fig. 3,
these minima are ill defined. We solve this problem by associating
these minima to the contours obtained with the watershed transformation [22] applied to the complement of the enhanced image. The
initial results related to the application of the watershed method to
the image are shown in Fig. 4(a). One can see that, as is common in
such cases, there is a lot of oversegmentation on the image, yielding
unreliable results for the center estimation of the black fringes. We
dealt with this problem by introducing an initial minimum imposition step [23] prior to the watershed transformation. Note that the
initial minima position should be provided by a human operator, by
indicating any point inside each light fringe. Fig. 4(b) illustrates that
indeed the initial minima imposition was effective in alleviating the
oversegmentation issue. Note that, although the minima imposition
step is manual, it only needs to be performed in the first image of the
birefringence set, as illustrated in Section 3.4. Therefore, the method
can be considered automatic for all but the first image (it is common
to process a sequence of 50 birefringence images).
3.3. Skeleton creation and center detection
The watershed transformation often generates contours that are connected by spurious branches (see Fig. 4(b)), which can be removed
by enforcing contours that are only one pixel wide. To perform this
step a skeletonisation technique [24] is used. Here the original contours are replaced by the locus of the center of the maximal discs of
the original contour lines.
We define the distance between fringes as the distance between
their minima contours at the center of the birefringence image. Thus,
after the skeletonisation process we process only a region-of-interest
composed by a horizontal stripe at the centerline of the contour im-
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Fig. 6. Selection of points representing the center of the dark fringes.
(a) Wrong selection — fewer segment points. (b) Right selection —
most segment points.
(b)

Fig. 4. Minima contours detected with watershed. (a) Whitout minima imposition — the image is oversegmented and some dark fringes
are undetected. (b) With minima imposition — the oversegmentation
issue is alleviated and the contours are better detected.
age.
The next step is the removal of the branching points of the
region-of-interest. One considers branching points the ones that are
connected to three or more points. After this step, the contour image
is composed of several segments of connected pixels. Then, those
segments whose number of connected pixels is smaller than a pre-set
threshold are eliminated, leaving only the relevant segments to the
image. An example of the result of this processing step is shown in
Fig. 5.

do not represent the required minima contour of the dark fringes can
still remain. These spurious segments can be eliminated by another
selection step. Since between each pair of consecutive imposed minima there is only one visible dark fringe, the algorithm keeps the
largest segment inside the region confined by those points. For each
of those remaining segments, the center position of the corresponding dark fringe is selected as the average horizontal position of all
points inside the window.
3.4. Post-processing
After the detection of the center of dark fringes it is necessary to perform one further detection. Referring to Fig. 1 the fringe labeled as
8 must be identified although not visible; it is in fact a saddle point.
To perform this detection, the positions of the bright regions surrounded by black ‘C’-shaped fringes were included as minima to be
imposed. After performing the watershed step, the ‘C’-shaped dark
regions must also have a minima contour. A similar procedure to that
employed in the dark-fringe center detection is used to identify the
middle point of the ‘C’-shaped lines, by using a horizontal window
instead of a vertical one and disregarding any minima contour in the
center of the image. The saddle point is estimated as the average of
the middle positions, as illustrated in Fig. 7.
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Fig. 5. Elimination of spurious points and short segments: (a) Connected points before processing. (b) Connected points after the removal of spurious points.
Once the relevant segments are selected, one needs to find the
distance between them. In order to do so we assume that the distance
will be measured between the contour points that constitute approximately local maxima or local minima in height (see Fig. 6(b)). We
do so with the help of a small horizontal window. The part of the
segment that contains the larger number of points inside the window
is considered to be the desired one. Fig. 6 illustrates that process.
After the application of the sliding window a few segments that

Fig. 7. Detection of the saddle point (marked as a red spot) based on
the dark fringes.
Whenever an object composed by contour minima cannot be
found in the fringe region, the output warns the user to allow a manual correction step on those fringes. However, the algorithm also
provides an estimate based purely on the minima imposition input
provided, by averaging the surrounding bright points, so the algorithm always provides an estimate on the fringe positions for the user
to judge whether they are correct or if they must placed manually.
The algorithm can also perform a temporal interpolation on
the missing points. When measuring several images from a time-

evolving experiment, some fringes can be missing in a given time
but appear in another image sample. Since those positions should
not vary widely over time, by the end of the experiment any missing
position is interpolated by the closest frames where this fringe could
be found. A similar procedure is carried out for the imposed minima
- only the first frame of a sequence has to have a manual minima imposition - the ones from the other frames are estimated by temporal
extrapolation.
4. EXPERIMENTAL RESULTS
The described algorithm was developed in a MATLAB c [25] environment using morphological function implementations present on
the Image Processing Toolbox. The technique was tested in 54 images acquired using LabVIEW c [26] from a flow experiment with a
multi-pass rheometer. The software requires that an operator inputs
a few minima to be imposed in the first frame, which are used in all
subsequent images from the same experiment.
Some results of the fringe-center detection can be seen in Fig. 8.
The white vertical lines mark the position of each fringe center. The
blue vertical line marks the position of the detected saddle point. If
a dark fringe center could not be detected, the algorithm estimates
its position based on the minima points imposed by the operator and
draws it as a red vertical line, as discussed above.

Table 1. Comparison of the algorithm results and the manual marking for the fringe positions (in pixel), indexed accordingly to Fig. 1.
Fringe Algorithm Results
Manual Marking
Order
Mean
Variance
Mean
Variance
3
66.83
4.33
63.24
31.51
4
136.78
36.31
133.37
11.03
3
180.67
5.36
178.76
1.92
2
198.83
3.05
197.29
0.63
1
216.51
16.05
216.15
0.58
0
241.01
25.03
238.76
0.68
2
281.39 1328.39 307.30
32.17
3
474.67
76.60
475.00 1726.38
4
537.50
13.46
536.00
169.40
5
568.77
5.52
563.44 1673.76
6
591.43
7.49
591.02
17.00
7
613.39
52.42
610.81
15.25
8
641.05
119.33
639.22
20.74
7
666.30
24.41
666.69
42.14
6
689.17
8.14
689.54
9.91
5
710.16
3.73
710.80
2.62
4
734.11
3.61
734.63
2.58
3
765.44
2.97
765.94
3.56

The final results allow the modeling of the principal stress difference along the centerlines of the polymer flow by the use of Eq. 1.
Fig. 9 presents the principal stress difference for the positions acquired from the algorithm and the manual marking, showing great
similarity between the results obtained by both schemes.

(a)

Fig. 9. Principal Stress Difference as a function of distance along
centerline.

(b)

Fig. 8. Results of the algorithm for two birefringence images. The
white lines represent the detected fringe positions, the blue line represents the saddle point and the red line is the estimated position
when a fringe center could not be found.
After applying the procedure to the entire dataset (composed by
54 birefringence images), the dark-fringe positions of the whole process were estimated, along with its second order moment. This result
is compared to a manual marking of the same points, as shown in
Tab. 1. From this table it is possible to see that both approaches have
almost the same mean but the proposed method has smaller standard
deviations, which shows better consistency.

5. CONCLUSIONS
This work presents a novel approach to the problem of detecting dark
fringes in birefringence images. The proposed method allows fast
and accurate measurement of the dark-fringe centers while minimizing the need of human interaction with the images. The described
algorithm can operate with minimum human intervention.
An evaluation of the results has been made to compare the obtained results with a database of marked fringes available online
at [27]. The results have shown to be consistent with those of manual
marking, while having significantly less variance.
When applied to the calculation of indirect physical properties
of the polymers using noisy birefringence images, our results have
accurately mimicked the expected curves, confirming the good behavior of the method in real practical situations.
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