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Abstract: In order to detect the sizing percentage accurately online, a novel hybrid intelligence method is
proposed in this study to build the sizing percentage detection model. Firstly, BP (Back propagation) neural
network intelligence method is selected to solve the current difficulties of sizing percentage detection online.
And then, the hybrid intelligence method is presented to enhance the accuracy of detection model. Experiments
demonstrate that the new sizing percentage detection model based on hybrid intelligence method has good
performance. And the results of detection are satisfied to the real production process. 
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INTRODUCTION

Sizing percentage is one of the most important
parameters for good sizing quality. The too large or too
small sizing percentage will affect sizing quality seriously
and will also bring inconvenient to the weaving
production and even will cause a lot of material waste. So,
it is necessary to detect sizing percentage on-line in order
to ensure the sizing quality.

There is great development in the yarn sizing way,
which has been from the early single-dip and single-
pressure to the now widely used double-dip and double
pressure. The double-dip and double pressure sizing way
can improve the sizing quality at a certain extent and it is
also the process basis of this study, the specific process is
shown in Fig. 1:

At the present, the research on the detection and
control for sizing percentage is being developed rapidly.
A lot of methods were proposed by different way. The
Automatic trough method which is proposed (Shen et al.,
1997) to ensure the slurry concentration according to the
changes in the sizing conditions; The level test method
(Chen et al., 1994) is simple principle to measure level
height difference by electric differential pressure
transmitter. And then, the average value of sizing
percentage is calculate by above conclusion; The Telecoll
sizing percentage control detection method is proposed
(Xiao, 2005) by calculates the sizing percentage through
measuring the squeezing moisture regain of sizing yarn
on-line using microwave sensors. But the sensors are
expensive and the application scope of the method is very
small although the accuracy is high; The Visocoll sizing
percentage detection method is proposed (Ruch, 1991). It

can calculate the average sizing percentage for some time
according to the decline height of the liquid level in the
supply headbox by level measuring instrument. The MCS-
51 MCU sizing percentage automatic monitoring and
control methods is developed by Tianjin Polytechnic
University (Huijie et al., 1998); The ultrasound and
microwaves is proposed (Ghosh, 1993), they are all based
on the function relationship between sizing percentage
and some of the factors which affect sizing percentage to
realize sizing percentage detection indirectly. So they also
can not achieve the measurement for sizing percentage
accurately.

Above detection method for sizing percentage can not
fit the needs of production process. So, a new detection
strategy is proposed by hybrid intelligence method. The
factors that affect the sizing percentage comprehensively
will be obtained by analyzing the process of sizing. And
then, the reflect relationship between sizing percentage
and above factors will be calculate by the new multiple
intelligence approach. The new detection method will
predict the sizing percentage real-time. Meanwhile, the
results of prediction will be more accurate.

ANALYSIS OF FACTORS THAT INFLUENCE
SIZING PERCENTAGE

According to the thorough study of the sizing
mechanism analysis the six parts of sizing process can be
distributed during the sizing process:

C Dipping slurry
C Extrusion of slurry
C Dipping slurry
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Fig 1: The double-dip and double pressure sizing way

C Extrusion of slurry
C Drying slurry

The following factors should be considered:

C Tension of yarn
C Hardness of squeezing roller
C Cover factor of yarn
C Position of immersion roller
C Concentration, viscosity and temperature of slurry
C Speed of sizing machine
C Pressure of squeezing roller
C Extrusion width
C The pressure of the first Grouting roller
C The pressure of the second Grouting roller 
C Moisture regain

The final factors that affect sizing percentage will be
obtained by the following analyses: 

Slurry concentration, viscosity and temperature: The
size of the sizing percentage is the percolation rate of the
yarn and the coating rate of the yarn. It is linear direct
proportional relationship between percolation rate of the
yarn and coating rate of the yarn. Experience has proved
that, the viscosity of slurry increases with the increase of
concentration. Furthermore, the viscosity of the slurry
decreases as temperature increases. During the process of
slurry modulation, good thermal stability slurry should be
chosen. In order to make penetration rate proportion to
coating rate, appropriate concentration and viscosity of
the slurry should be made on the basis of empirical
approach especially for the slurry with different nature
and materials. Generally, slurry viscosity and temperature
should be kept constant in order to make sizing
percentage uniform and good during the whole sizing
process. 

Hardness and pressure of squeezing roller, extrusion
width: The extrusion width is proportional to the pressure

of squeezing roller when the hardness of squeezing roller
is fixed. The extrusion width is inversely proportional to
the hardness of squeezing roller when the pressure of
squeezing roller is determined.

If the pressure of squeezing roller is increased, the
penetration rate of yarn will be increased and the coating
rate will be decreased. On the contrary, result will be
opponent.

If the extrusion width increases, the slurry which
covers on the surface of yarn will be squeezed out more,
which results in penetration rate of slurry rising and
coating rate of slurry declining; If the extrusion width
decreases, the penetration rate declines and the coating
rate rises.

During the sizing process, the hardness of squeezing
roller has been designed according to the type of sizing
machine and sizing temperature.

The position of immersion roller: The time of yarn
soaked in slurry is determined by the height of immersion
roller. The penetration and coating rate of slurry will be
higher if the position of immersion roller is too low. If the
position of immersion roller is too high, the penetration
and coating rate of slurry will be inadequate. During the
sizing process, the position of immersion roller is
unchanged in order to ensure sizing percentage from the
impact of the immersion roll position.

The speed of sizing machine, tension and cover factor
of yarn: The speed of sizing machine decides the coating
rate when the other technology factors of sizing are
unchanged. When the speed of sizing machine is fast, the
penetration rate will be low and the coating rate will be
high. On the contrary, result will be opponent. For the
influence that the extrusion width brings on the
penetration rate and coating rate, the extrusion width
should be 9~15 mm, respectively during the process of
actual production. 

Experiments show that during the sizing process, if
the tension is too large, the slurry will not immerse into
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the inside of yarn easily, which will lead to percolation
rate too small and uneven sizing. If the tension is too
small, the slurry will not cover the surface of yarn easily,
which will lead to coating rate too small. During the
actual sizing process, the speed of each part of the yarn
are set generally based on experience in order to ensure a
constant, moderate yarn tension.

The size of cover factor can also influence the sizing
percentage greatly. If the cover factor is too high, the
sizing will be uneven and the sizing permeability and
coverage will not good. It is also detrimental to sizing if
the cover factor is too low. During the sizing process, it is
generally considered that the cover factor should be kept
at 50% for single trough sizing and the double trough
sizing should be adopted for the dense products. In order
to control sizing percentage easily at the section of drying
slurry, cover factor about drying cylinder should be kept
within a certain range, usually from 20 to 30%,
respecively. 

Moisture regain of sized yarn: Squeezing moisture
regain reflects the drying level of sized yarn. It is mainly
determined by temperature of drying cylinder, speed of
sizing machine and drying methods. In addition to sizing
percentage, moisture regain also affects the performance
of film.

During the production process, the design of drying
cylinder temperature will be limited by the difference of
yarn material and speed of sizing machine, especially
fiber material which can not withstand high drying
cylinder temperature. The setting of drying cylinder
temperature is more complex for special yarn material and
the special speed of yarn.

Through above analysis of influencing factors on the
sizing percentage, the least factors which can report the
size of sizing percentage accurately are determined: 

C Slurry concentration 
C Slurry viscosity
C Slurry temperature
C The pressure of the first Grouting roller
C The pressure of the second Grouting roller
C The position of immersion roller
C The speed of sizing machine
C Cover factor of yarn
C Yarn tension and drying temperature

The improved algorithm of the BP neural network:
The BP neural network is the most extensively applied
artificial neural network algorithm. The neural network
with simple structure and mature algorithm can search
optimum value accurately. But traditional BP neural
network has some shortcomings. For example, the
algorithm falls into local minimum easily, the
convergence speed is slow and it causes oscillating

sometimes. It can be improved by the following methods
(Lv and Lv, 2011; Tian et al., 2000; Wang et al., 2002).

Adding momentum factor: Gradient descent principle is
introduced into traditional BP algorithm. When error
margin is narrow and long, traditional BP neural network
is bounced from one side to the other in the bottom, so the
convergence speed of the network is affected and the
algorithm falls into local minimum easily. The method of
adding momentum factor can make the situation
ameliorated. While the network modifies weights, not
only effect of error on gradient but also that of change
trend on the error margin is considered. Additional
momentum is used to smooth violent change in gradient
direction and this is showed by the expression (2):

(1)  W t X Wij i ij  1  

where, Xi is input through the weights; 0 is learning rate;
" is momentum factor with value between 0-1.

From the formulation we can see that once the first
item on the right side becomes zero, the weight still
changes. The change equals the momentum factor
multiplied by original weight change, so the weight vector
moves along the direction of last change continuously,
thus weight vector would get rid of the position of local
error minimum easily. 

Self-adaptive updating of learning rate algorithum: In
negative gradient algorithm, the learning rate is a constant
which affects the training performance of the network
directly. If it is too large, the stability of the network will
get weaker. If it is too small, training period of the
network will become longer. During training self-
adaptively updating the learning rate could not only
quicken the training process but also keep the stability
(Guolin et al., 2012).

The algorithm runs like this: first output error is
calculated and then weights, bias values and current error
are calculated by using current learning rate after every
training process. If the ratio of current error to last error is
larger than the parameter defined beforehand, learning
rate minishes otherwise it increases. The process is
repeated until the ratio of current error satisfies the
criterion.

As is shown above, these improved algorithms of BP
can overcome some shortages to some extent. But in
actual application, they are still not perfect. The new
hybrid intelligence method is proposed. Therefore, PSO
is selected to improve the performance of single BP
neural network.

HYBRID INTELLIGENCE APPROACH

Particle swarm optimization: The Particle Swarm
Optimization (PSO) was first introduced to optimize
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various continuous nonlinear functions by Eberhart and
Kennedy, (1995). The origin of the PSO was based on the
social behavior of the animals, such as bird flocking or
fish schooling (Norfadzlan et al., 2012). In PSO, each
solution of problem, called particle, flies in the D-
dimensional space with a velocity that is dynamically
adjusted according to the individual information and
population information. The position of particle i at
iteration k in the design space D is represented by an n-
dimensional vector Xk
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where, T is an inertia weight to control exploration in the
search space,rk

i1 ,r
k
i2 are two random numbers within [0,

1], c1, c2 are two learning factors, xpbest represents the
local best position value of the ith particle , xgbest represents
the global best position value among all the swarm of
particles achieved so far (Vasumathi and Moorthi, 2012).
The process of implementing the PSO algorithmis as
follows:

C Initialize a swarm of particles with random positions
and velocities in the D-dimensional problem space.

C Evaluate fitness function value of each particle. 
C Compare particle’s current fitness value with

particle’s previous best fitness value. If current value
is better than previous best value, then set previous
best value equal to the current value and the previous
best position equal to the current position in D-
dimensional space.

C Determine the current global position among the
particle’s current best position. Compare the current
global position to the previous global position, if the
current global position is better than previous global
position, set the global position equal to the current
global position.

C Change the velocity and position of the particle
according to Eq. (3).

C Loop to step (2) until a termination criterion is met.

Hybrid method based on PSO and BPNN: PAO is a
global optimization algorithm based on population
(swarm) evolution. It could obtain the global optimum
value easily. The PSO combined with BP neural network:
the initial weights and bias was obtained by PSO
algorithm   first. Then  the  network  was  trained by BP
algorithm. The hybrid algorithm could overcome the
disadvantage of the BP network. 
The three-layer BP network with high adaptability is used.
Hidden layer uses the S function:

Fig. 2: The process of PSO combined with BP neural network

(3) f x
e x

 

1

1

Output layer uses linear neurons. Data collected are
not at the same scale, so the data are mapped to domain
[1, 1]. Maximum and minimum functions are used to
handle the training samples with the following target
function:

(4) E y yk k
k

N
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where, (xk, yk)(k = 1, 2, …, N) are learning samples,  isy
network output. 

The process of the PSO combined with BP neural
network was shown by Fig. 2.
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Fig. 3: Detecting sizing percentage based on BPNN

Fig. 4: Detecting sizing percentage based on improved BPNN

Experiments: The hybrid intelligence method based on
PSO and BP neural network is used to detect sizing
percentage during the whole sizing process. The main
influencing factors on the sizing percentage are chosen as
the inputs of BP neural network. And the output of BPNN
is sizing percentage. The details of analysis and factors
are present in section 2. Therefore, the input layer of
BPNN has 9 nodes. The hidden layer has 18 nodes and
the output layer has 1 node (temperature).

The 400 data of production from sizing process in
Tianjin Textile Engineering Institute Co. Ltd., Simulation
experiments are done by Matlab language using these
data. They are divided into training set and test set. Eighty
five percent of them are randomly selected without
replacement from the original data set to train the model
and the others are used to test. First the optimum
performance of genetic algorithm is tracked. PSO is used
to optimize initial weights and bias values of the BP
network and then these optimal values are used to train
the network. The ‘traingdx’ function acts as BP network
training function, which combines self-adaptive
modifying learning rate algorithm with momentum
gradient descent algorithm effectively so that network
training speed turns quicker and the training precision
becomes higher. 

The simulations of traditional BP neural network,
improved   BP   neural   network   and   the new  hybrid 

Fig. 5: Detecting sizing percentage based on hybrid intelligence
method

Fig. 6: Comparison of detection results of different models
through detection errors

intelligence algorithm to detect sizing percentage are done
respectively. The results show that compared with the
former two, the third algorithm has higher prediction
precision. The Comparison of prediction results of
different models based on different methods are shown in
Fig. 3 to 5. Here real sizing percentage means the measure
sizing percentage in practical production process by
traditional offline method. The detecting errors of
different methods are presented in the Fig. 6. It shows the
detecting error of the hybrid model is smaller than others.
The hybrid intelligence method has good generalization
performance.

CONCLUSION

Sizing percentage detection online is very important
for sizing quality. In this study, a new intelligent detection
method is proposed to detect sizing percentage online.
Firstly, the main factors that affect the sizing percentage
are obtained by analyzing the production process of
sizing. Secondly, a BPNN intelligent method is selected
to build the detection model. And the improved methods
are used. But there are some shortages. So, a new hybrid
intelligence method is proposed at the end. The
experiments are done by real production data. The results
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show the detection model based on the new hybrid
intelligence method has the best performance. And the
accuracy of detection can fit the need of production.
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