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Abstract: The hair-counting technique using photosensors isacommon method to measure the hairiness
of the yarns. However, the literature recognizes some deficiencies of the technique regarding the sensor
limitations. This paper describes a computer vision approach to simulate the photosensors and to
investigate the parameters effecting the hairiness measurement when using these sensors. An algorithm
developed to simulate the photosensor signals is explained. The effects of sensor resolution, signal
threshold level and selection of zero reference positions from the core are investigated. The correlation
between the measurements taken from two different sides of the yarn core is also examined. Twenty
yarn samples are tested using a Zweigle G565 hairiness tester, and the results are compared with the
hairiness measurements from the simulated photosensor system using digital images.
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INTRODUCTION

A common method used to measure the hairiness is based
on photoelectric sensors placed at certain distances from
the yarn core edge and counting number of signals gener-
ated by the hair shadows projected onto the sensors through
some magnification elements (Lappage and Onions, 1964)
or more generally through aslit (Ghosh etal., 1988; Ozkaya
etal., 2005) as illustrated in Figure 1. In such systems, when
the intensity of light drops below a certain percentage of
the intensity of light when no interruption is present, then
the sensor generates a signal indicating a hair intersection.
In the system depicted in Figure 1, the resolution is deter-
mined by the width and the height of the slit, that is if there
are two hairs separated by a distance less than the width
of the slit parallel to the yarn axis or less than the height
of the slit perpendicular to the yarn, it will not be possible
to separate them by this system. Slack (1970) pointed out
that on Shirley yarn hairiness meter (YHM), the fibres that
are separated along the yarn length by less than 0.5 mm
could not be resolved as separate fibres due to the size of
the aperture. This restriction is important particularly for
rotor spun yarns having surface fibres wrapped around the
core (Barella etal. 1992).
Another important restriction when using photosensors
arises from the variations of the yarn core diameter, and
therefore, the zero length position of the hairs. If the sensor

distance were set too close to the yarn core, then variations
of the core diameter would cause a fixed sensor distance
to result in misleading hair count. This, of course, affects
all hair length distances. However, since the number of
hairs increases exponentially approaching to the core, the
problem is more amplified at short hair distances. The
threshold level relative to the unblocked light intensity
falling on to the sensor is also important when determining
the number of hairs; if this is high then the measurements
might be affected from noise and if it is low some fine fibres
might not be detected by the sensor. On Shirley YHM, this
level was selected so that a fibre with a diameter of as small
as 12 um could safely be detected by the photocell (Ozkaya
etal., 2005).

An image-processing technique that simulates the hair
count measurement from conventional photosensors is
presented in this paper. The technique also allows inves-
tigation of the effects of many parameters such as sen-
sor resolution, core-edge detection and threshold levels on
the measurements, highlighting possible drawbacks of the
photosensor technology.

DESCRIPTION OF THE TECHNIQUE

A CCD line-scan system was developed at to capture digital
image of the yarns. A Dalsa Spark 2048-pixel line scan
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Figure 1 Principle of hair-counting method using a
photosensor.

camera with a 100-mm macro lens giving 1> magnification
is used for image acquisition. The maximum line rate of
the camera is 18.8 kHz. The images are transferred to a
PC through a Viper digital frame grabber. The pixel size
of the camera is 14 um x 14 um with a fill factor of 100%.
The yarns are backlit using a 50-W tungsten filament bulb.
The line acquisition is triggered using an optical encoder
attached to the yarn transfer system.

The line scan camera allows a scanning resolution of
14 scans/mm at a yarn speed of 80 m/min. The scan-
ning resolution can be increased by decreasing the yarn
transfer speed. However, 14 scans/mm is found to be the
lower limit for yarn scanning since the hairs are lost below
this resolution giving lower hairiness values. Images are
processed using Wit 7.1 image-processing software and C
programming language.

Based on the back-lit yarn imaging set-up and image-
processing algorithms for hair-core-background separation
in yarn images is described by Ozkaya et al. (2005). On a
thresholded yarn image, a certain number of sub-windows
are defined at certain distances from the yarn core as shown
in Figure 2 to simulate the hair-counting technique using
photosensors. The corresponding dimensions of the sub-
windows in the object plane are regarded as the dimensions
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Figure 2 The sub-windows for simulating the photosensors.

Table 1 Specifications of the yarn samples used in the
experiments

Spin Yarn Twist
# method Blend count  (turns/inch)
1 Ring 65/35 Cotton/polyester Ne 10/1 12.33
2 Ring 65/35 Polyester/cotton Ne 20/1 17.49
3 Ring 100% Polyester Ne 10/1 11.38
4 Ring 65/35 Cotton/polyester Ne 10/1 11.38
5 Ring 100% Polyester Ne 20/1 17.49
6 Ring 65/35 Cotton/polyester Ne 20/1 16.1
7 Ring 65/35 Cotton/polyester Ne 20/1 14.7
8 Ring 100% Cotton Ne 20/1 16.1
9 Ring 100% Cotton Ne 10/1 11.38
10 Ring 65/35 Polyester/cotton Ne 10/1 12.3
11 Ring 65/35 Polyester/cotton Ne 30/1 18.2
12 Ring 60/40 Acrylic/wool Nm 30/1 12.19
13 Ring 60/40 Acrylic/wool Nm 30/1 9.65
14 Ring 70/30 Acrylic/wool Nm 32/1 13.08
15 Ring 100% Cotton Ne 60/1 29.21
16 Ring 100% Cotton Ne 10/1 11.05
17 Ring 100% Cotton Ne 20/1 15.24
18 Ring 100% Cotton Ne 30/1 19.56
19 Ring 100% Cotton Ne 30/1 22.36
20 Ring 100% Cotton Ne 30/1 21.96

of the slit depicted in Figure 1, and the sum of the pixel
intensities within the sub-window is considered to be pro-
portional to the intensity of light falling on the simulated
photosensor. Initially, the effect of sensor resolution was
investigated for simulated sensor resolutions of 100 pm

> 100 pum, 500 pm > 100 pm, 500 pm > 500 pm and

1000 pm > 500 um. By sliding the sub-windows verti-
cally through the image row by row and calculating the
total intensity within these windows for each row, a light-
distance profile is obtained for each sub-window. Figure 3
shows typical profiles for sub-windows at 1, 2 and 3 mm
from the core. These profiles are considered to be similar
to the analogue electrical signals that would be obtained
from photosensors placed at 1, 2 and 3 mm from the yarn
core. After applying a threshold to these profiles, each 0-1
transition is counted as a hair.

Twenty yarn samples listed in Table 1 are tested us-
ing a Zweigle G565 instrument. Three specimens of 50 m
of each yarn were tested at the standard 50 m/min yarn
speed. Twelve of the yarn samples (sample numbers 1, 9,
10 and 12-20) were also tested using Uster 4 tester using
100-m specimen of each yarn at the standard 400 m/min
yarn speed. Then, all 20 samples were imaged using the
yarn-scanning system developed for this purpose. For each
sample, 1250 images, each scanned at 14 scan/mm rate
corresponding to a 25-m of yarn length, are captured and
stored. This allowed testing different image-processing al-
gorithms for the same yarn sections. Due to the time re-
quired for the computer to store images in real time, the
yarn transfer speed was kept slow at5 m/min during image
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Figure 3 (a) Image of a yarn corresponding to 60 mm ((b)-(d)) simulated signals for photosensors 1, 2 and 3 mm apart from the

core.

acquisition, although the speed of the yarn can be as high
80 m/min at 14 lines/mm scan rate.

A 25-m specimen-length is found to be more than ade-
quate following experiments with different lengths. Figure
4 shows the average N1 (the number of hairsat 1 mm from
the core edge) measurements of eight yarn samples for dif-
ferent test lengths, where asteady N1 value can be observed
after 10 m specimen-length. This test length is also found

appropriate for determining the average number of hairs at
other distances from the core (N2, ..., N9 are the number
of hairsat 2, ..., 9 mm from the core edge, respectively).
However, a 50-m test length was used in determining the
hairiness values (N1-N9) to imitate the test lengths used
by Zweigle.
When performing the photosensor simulation, the pro-

cessing algorithm finds a reference core edge position
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Figure 6 A hair acting asabridge. (a) Hair 1 detected by the sensor; (b) the sensor signal is not changed as hair 2 is visible to the
sensor; (¢) signal still not changed as hair 3 is visible.
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Figure 7 Comparison of N1, N2 and S3 measurements using
different signal threshold levels.

automatically for every image that corresponds to 20 mm of
yarn length (1400 rows). In Zweigle G565 hairiness meter,
the core edge is located once at the beginning of the test
by moving the yarn transport rollers at the measuring zone
manually until the core does not block past the reference
point. The exact method how the core edge is determined
and the precision of this alignment could not be found in
the literature. Three different configurations are tested to
investigate the effect of zero reference line to overall mea-
surements. The first one takes the closest edge of the core
to the core axis among 1400 rows (Min), whereas the sec-
ond one takes the farthest edge position from the core axis
(Max) and the final one calculates the zero reference line
by taking the average of the core positions of 1400 rows
(Mean).
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Figure 8 Comparison of N1, N2 and S3 measurements using
different zero length positions.

RESULTS AND DISCUSSION

Figure 5 compares measurements using four different res-
olution settings from five yarn samples chosen for their
visually different hairiness characteristics. It can be seen
that using different sensor resolutions does not affect the
hairiness measurements of all yarns tested in the same way.
For instance, the N1 value for sample 1 is largest when us-
ing a1l mm x< 0.5 mm sensor compared to the values
obtained with other sensor resolutions for the same sam-
ple. Sample 14, on the other hand, has much less value at
this resolution than it has at 0.1 mm > 0.1 mm resolution.
Another interesting point to note is that the N1 value is
smaller for sample 14 than sample 1 at 0.5 mm x 0.5 mm
resolution, whereas it is larger at a higher resolution of 0.1
mm x 0.1 mm. Visually, sample 14 has denser hairs around



Log (N) Log (N)
45 u Zweigle simulation 4.5 | = Zweigle simulation
4 | y A Zweigle G565 419 A Zweigle G565
351 "y 35 1
34 L § A 3 i é
25 | L] = A R 25 - ‘;
2 = A 2 m A
| A m
15 | o 1.5 4
|
1| 1
05 | 05 A
0 0
0 3 6 9 12 15 0 3 6 9 12 15
Distance (mm) Distance (mm)
Sample 12 Sample13
Log (N) Log (N)
45 = Zweigle simulation 45 = Zweigle simulation
4| ® A Zweigle G565 4| 1 A Zweigle G565
35 = 3.5 1
3 *a 3 LI
] | |
25 _— 2.5 . A
2 T A 2 n . A
15 o 15 N
1 | A vy 1 | 1
0.5 05 A
]
0 0
0 3 6 9 12 15 0 3 6 9 12 15
Distance (mm) Distance (mm)
Sample 16 Sample 17
Figure 9 Comparison of hair numbers from Zweigle G565 and the yarn-scanning system simulation for four samples with long
hairiness.
16.00 tially more distinctly separated at distances greater than 1
mm from the core, the effect of sensor resolution decreases
¢ at these distances and the hair count is more consistent with
12.00 . . .
different sensor resolutions between different samples.
T The effect of threshold levels have been investigated
£ 8.00 with four different yarns at N1, N2 and S3 levels, where
> S3 is the sum of the number of hairs at distances equal and
greater than 3 mm. Figure 7 shows the effect of using differ-
4.00 — ent threshold levels. The number of intersections generally
y=0.0016x +5.9133 -
_ decreases as the threshold level is decreased. However for
R =0.4315 ;
0.00 sample 14, decreasing the threshold level down to a cer-
0 1000 2000 3000 4000 tain level increases the number of hairs at 1 mm from the
. core due to the disappearance of some points in the profile
Zweigle S3

Figure 10 Comparison of USTER H with Zweigle S3.

the core and the results show that higher sensor resolutions
are required to differentiate the densely packed short hairs.
Figure 6 illustrates how three hairs can be counted as a sin-
gle hair due to the large size of the sensor. It can be argued
that N1 measurements with low-sensor resolutions do not
give comparable results for different yarns especially those
having densely distributed hairs. Since the hairs are spa-

acting as a bridge. When digitizing the simulated photo-
sensor signal, a threshold level at 99.9% allows any hair
pixel entering the photosensor zone to change the signal
from 1 to 0. This level can confidently be used in image
processing, since a threshold operation is carried out in
the pre-processing stage. However, when using an actual
photosensor, such a threshold level will not practically be
possible due to noise and need for a higher tolerance for
light intensity fluctuations.

Figure 8 shows the results of the three different zero
reference lines on the hair count measurements. It can
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Figure 11 Comparison of N1, N2 and S3 measurements from left and right sides of the yarn.

be seen that as the reference position gets closer to the
core axis, the number of intersections increases, which is
expected considering the fact that the number of hairs
decreases exponentially going further from the core. It is
interesting to note that the effect of reference point is very
significant for N1 hair counts that the hair counts decrease
by around 20% as the reference line is moved from Max
to Min. This shift of the reference line corresponds to
around 100 pum on average for most of the samples. It
has been shown that the selection of the zero reference
line strongly affects hair count measurements with two
increasing amplitude closer to the core, thus requires a
very high precision.

Table 2 shows the comparison of the N1, N2 and S3
measurements using these parameters and the Zweigle
G565 hairiness tester. To simulate Zweigle G565 hairiness
tester using the developed method, the sensor dimensions
are setto 0.5 mm = 0.5 mm, the signal threshold is set to
99.9% of the maximum intensity and the reference line is
selected as the mean distance from the core axis for every
image in the simulations. For the developed system, the
number of intersections is calculated from the average of
intersections found on the right and left sides of the core.
It can be seen that the N1 and N2 values from Zweigle and
the developed system are often in very good agreement.
However, for some samples, the latter gave higher hair
counts. This may be due to the difference in setting the
zero reference point in two testers, which is optically de-
termined and set with high precision on the yarn-scanning
system and probably not as precisely on Zweigle, due to its

manual, mechanical adjustment procedure. For S3 mea-
surements, on the other hand, the Zweigle exhibits higher
values for a number of samples. This can be due to the
fact that the S3 values tend to increase according to the
test speed as reported by Wang (1997); the speed used on
the yarn-scanning system is 5 m/min whereas this is 50
m/min on Zweigle, a possible cause of higher S3 values
recorded by the Zweigle. According to Wang and Chang
(1999), the differing contact conditions between the yarns
and the various yarn guides on different hairiness testers
may also affect the hairiness measurements. Nevertheless,
the overall correlations between two testers were quite sig-
nificant with correlation coefficients of 0.94, 0.92 and 0.88
for N1, N2 and S3 measurements, respectively.

Barella and Manich (1993) showed that the hair counts
measured on Zweigle G565 exhibit two different trends on
a logarithmic scale one between 1 and 3 mm and the other
above 3 mm. For yarn samples with long-hairiness tested
during this research, this behaviour has also been observed
on measurements from this instrument. However, for the
same samples, the measurements from yarn-scanning sys-
tem did not exhibit such a discrepancy. This is quite evi-
dent from Figure 9, where the numbers of hairs are plotted
against the distance from the core on a logarithmic scale
for four different samples with long hairiness.

In Figure 10, the S3 values from Zweigle G565 are
compared with Uster’s H index for samples 1, 9, 10 and
12-20. A clear correlation could not be observed between
these two common hairiness indices, confirming similar
findings reported in the literature.



It is commonly accepted that two sides of a yarn sta-
tistically exhibit the same behaviour in terms of hairiness.
Figure 11 shows the correlations for N1, N2 and S3 mea-
surements between the left and right sides of the core. The
graphs show that the measurements from left and right
sides reasonably agree with each other, but the correlations
are not as high as one would expect. However, it must be
noted that these values represent 25 m of yarn lengths and
statistically, the correlation coefficients might increase for
longer test lengths.

CONCLUSIONS

An image analysis technique is demonstrated to simulate
photoelectric sensors used for counting the number of hairs
at fixed distances from the core. The effect of parame-
ters, such as the dimensions of the sensor, signal threshold
level and the zero reference point on the measurements,
is shown. It is found that a sensor resolution of 0.5 mm

x 0.5 mm, which represents a typical photoelectric sensor
resolution, would not be adequate to distinguish between

N1 hair count values of different yarns. The need for a very
high precision in determining the zero reference point is
also addressed. It is observed that with appropriate sen-
sor parameters, the computer vision technique can be very
successful in simulating the N1, N2 and S3 measurements
from Zweigle G565 hairiness tester. However, a discrep-
ancy is observed between two methods for hair counts
above 3 mm, where Zweigle exhibited higher values. This
is thought to be due to the difference in test speed and other
possible physical differences in the transport systems of the
two testers.
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