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ABSTRACT 
 
In this paper, it is shown that vibration of the yarn affects 
the detection. Furthermore, an optical model explaining 
this situation has been developed. Required system 
dimensions and related equations to decrease effects of 
vibration have been obtained.  
 

I. INTRODUCTION 
 
Optical and optoelectronic methods and systems are 
widely used to detect various parameters of textile 
products [1, 2, 3, 5, 10]. Among these, systems detecting 
yarn defects are developed and used in practical 
applications [6, 7, 8, 10]. The main reasons of such a 
wide usage range of optical and optoelectronic methods 
are their high sensitivity and basic structure [4, 10]. In 
some cases defects cannot be detected by other methods.  
 
LEDs are generally used as light sources in optical defect 
detection systems. LEDs are wide-angled light sources [4, 
9, 10] and since it affects detection of defects, this point 
must be taken into consideration in the system design.    
 

II. DEFINITION OF THE EFFECT OF YARN 
VIBRATION ON DETECTION AND 

DETERMINATION OF DETECTOR DIMENSIONS 
 
Vibration of the yarn is another parameter that must be 
considered in the design of defect detection system. 
While it is moving, the yarn slides naturally to right and 
left perpendicular to the movement direction. This slide 
affects the photosignal. To decrease these effects, an 
optimal selection of detector dimensions is required. Let's 
make some assumptions to develop such a method. 
 

1. The yarn has a circular shape. 
2. The surface that the shadow falls on is the light-

sensitive surface of the photodetector.  
3.  LED emits a wide-angled light and light 

intensity does not change with the angle. 
4. We consider the vibration of yarn only on the 

horizontal axis.  
  

Concerning these assumptions, let's develop a diagram as 
shown in Fig. 1 where, d is the diameter of yarn, H is the 
distance between the light source and the detection 
surface, h is the distance between the detection surface 
and center of the yarn, ∆m is the length of region formed 
by yarn vibration, ∆ is the length of shadow formed by 
yarn vibration, Ky is the length of shadow formed by the 
diameter of the yarn, z is the length of the detection 
surface of the photodetector. 
 
Let's compute the length of detection surface of the 
photodetector with the help of this diagram. For this 
computation, let's follow the method given below.  
 

 
 

Fig. 1.  The diagram expressing effects of yarn vibration. 
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Yarn vibration causes the shadow formed on the detection 
surface to slide. However, in spite of all slides caused by 
yarn vibration, light-sensitive region of the photodetector 
must be shadowed for an error-free operation of the 
detector, i.e. 
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Considering the above relation and the diagram in Fig. 1, 
one can write 
 

z
2d

H
hH m∆−
=

−   (2)

           
From this equation, the length of light-sensitive surface of 
the photodetector can be computed as 
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Then, the distance between center of the yarn and light-
sensitive surface of the photodetector will be 
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For example, if H=50mm, z=1mm, d=1mm and 
∆m=0.2mm , the distance will be 
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So, the distance h which is insensitive to vibrations can be 
obtained according to the length of light-sensitive surface 
of the photodetector. 
 
Let’s take partial derivative of the equation (4) to 
determine the effects of the H, z and ∆m to the distance h. 
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After the partial derivation process, equation (6) will take 
the form of equation (7). 
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Variation of the distance ∆h with H, z and ∆m is 
examined in Matlab using real values of system 
parameters for d=1mm and d=2mm. Results are shown in 
Figs. 2, 3 and 4. 
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Fig. 2. Variation of the distance ∆h with the length of the 
detection surface of the photodetector (z). 

 
As shown in Fig. 2, yarn vibration decreases while the 
distance h increases. However, maximum value of the h is 
limited by the speed of the system. Because, when the 
distance  ∆h increases, time constant of the photodetector 
also increases. 
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Fig. 3. Variation of the distance ∆h with the distance  
between the light source and the detection surface (H).  

 
 
As shown in Fig. 3, when the distance H increases, the 
system dependency to the measured parameters also 
increases but sensitivity of the system to yarn vibration 
decreases. 
 
∆m depends to the diameter of the yarn. As shown in Fig. 
4, when the diameter of the the yarn increases,  the slope 
of the graphic doesn’t change.  So, effects of the yarn 
diameter are easly eliminated  in the system design. 



0 0.1 0.2 0.3 0.4
60

80

100

120

140

160

d=1mm 
d=2mm 

H=50mm 
z=1mm 

 
 

Fig. 4. Variation of the distance ∆h with the length of  the 
region formed by yarn vibration (∆m). 

 
 

III. CONCLUSION 
 
A geometric diagram expressing slides formed by yarn 
vibration has been developed. With the help of this 
diagram and concerning maximum slides formed by yarn 
vibration, required dimensions for the case insensitive to 
vibrations have been obtained. 
 
An equation expressing the relation between the length of 
light-sensitive surface of the photodetector and other 
dimensions has been derived. This equation has been used 
to compute the distance between the yarn and the light-
sensitive surface of the photodetector. Effects of H, which 
is the distance between the light source and the detection 
surface, ∆m, which is the length of region formed by yarn 
vibration, z, which is the length of the detection surface 
of the photodetector, to the distance ∆h are examined in 
Matlab. 
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