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n Experimental Set-up 
Tested material 
Table 1 presents the wool-combed ring 
spun single yarns used for the experiment. 
Single cops were manufactured on the Fi-
omax 20000 ring spinning machine made 
by Suessen. All the spliced yarn joints were 
performed on the Mesdan Jointair 4941 
pneumatic splicing device [1] installed 
on the Espero winding machine made by 
SAVIO [2]. 

Creating the database of spliced unknot-
ted yarn joints
The Mesdan Jointair 4941 splicing device has 
four regulation points for adjusting the fol-
lowing splicing conditions [1]:
§ time of splicing cycle tA, (0, 1, 2, 3, 

4, 5) (no unit), 
§ length of the yarn ends unspliced in 

the joint lB, (0, 1, 2, 3, 4, 5, 6, 7, 8) (no 
unit),

§ air volume used in a splicing cycle 
VC (stepless adjustment) (litre per 1 
splice),

§ time of untwisting yarn ends for splicing 
tE (0, 1, 2, 3, 4, 5) (no unit). 

The analysis of the preliminary test re-
sults shows that the lB and VC values can 
be assumed as constant because it is pos-
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Table 1. Characteristics of fibres and yarns after spinning process. 

Analysed parameters Unit Value

Fibre parameters 

Mean diameter μm 19.2
Mean length mm 66
Max. length mm 137
Percentage of fibres shorter than 40 [[*]mm % 18.7

Physical properties 
of yarn manufactured 
on the FIOMAX 2000 
spinning machine

Linear mass tex 25
Twist value and direction rev/m Z630
Breaking force Fr cN 152
Breaking tenacity Wt cN/tex 6.19
Coefficient of variation of breaking force – V(Fr) % 13.95
Relative breaking elongation E % 9.78
Coefficient of variation CV8mm (Uster) % 16.47
Thins (Uster) pieces/1 km 85.6
Thicks (Uster) pieces/1 km 37.2
Neps (Uster) pieces/1 km 12.2

sible to assess spliced yarn joints orga-
noleptically when the splicing device is 
working. In order to create the database 
for the spliced unknotted joints, a 5×5 
experiment was carried out with 25 op-
tions, according to Figure 1. The results 
of measurements and microphotography 
of spliced yarns were taken inter alia 
from the reports [3,4]. For each setting 
of the splicing device 50 repetitions were 
made, resulting in 1250 spliced joints. To 
analyse the relationship between a joint’s 
quality and the parameters of the splicing 
device, a record of the applied conditions 
was kept continuously.

The obtained joints could have also been 
classified randomly and without order, 
using the option of the artificial neural 
network’s uncontrolled learning capabil-
ity. However, with the help of controlled 

learning, the recognition, and thus classi-
fication, is always much more precise. 

Examples of identification and clas-
sification 
In this part of our paper, the classification 
results obtained and their interpretation 
are presented. The classification process 
was preceded by checking whether the 
artificial neural network was able to per-
form the set tasks properly. To do this, a 
random sample from the database was se-
lected (in the case considered, a number 
253 sample), and it was checked whether 
the ANN could identify and find it. 

The correct functioning of the network is 
ensured when the error value → 0 in the 
output. After declaring the input values 
for the sample, compatible with u1 …u5, 
and next after the learning and examining 
processes, the network was able to iden-
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tify the sample correctly with the output 
error of 0.000082, much smaller than 
the acceptable error value εaccept=0.002. 
In the next stage, the classification and 
assessment of the joints were carried 
out on the basis of the created scheme 
(Figure 2). The identification and clas-
sification of unknotted, spliced joints of 
yarn ends for the other pre-established 
parameter values was also carried out. 
A general scheme of the artificial net-
work including these parameters is 
shown in Figure 3. It should be noted that 
the assigned features of the unknotted 
joints were selected arbitrarily, and their 
mathematical values were calculated as 
the mean values from the three ranks. 

Assessment of unknotted spliced 
yarn’s joint quality with regard to its 
strength 
The results of the three-degree quality 
evaluation of ‘unknotted’ spliced yarn 
joints in view of their strength and ap-
pearance are shown in Tables 2, 3 and 4 
(page 18). The tables also contain the 
numbers of the ‘winner’ neurons selected 
by the ANN, the technological param-
eters of the splicing device applied for 
these joints, as well as microphotograph 
images of the joints. A fragmentary 
diagram of the first thirty neurons sorted 
with regard to their learning error values 
is shown in Figure 4 (page19). To make 
the article more concise, only the values 
of the winner neurons have been tabu-
lated for the other analysed examples and 
presented in Table 5 (page 19). 

It is seen from the tabulated data and the 
diagrams that depending on the a priori 
assigned values, the ANN selects each 
time a different joint with the features 
closest to the pre-set values. The selected 
neurons are characterised by the smallest 
learning errors. A general scheme of the 
artificial network including these param-
eters is presented in Figure 3, where: 
§ coefficient of joint effectiveness 
ηw = [81, 92, 110]T in % 

§ relative breaking elongation of spliced 
yarn joints Ers = [5.0 6.0 7.0]T in %

§ lengths of yarn spliced joints 
lp = [16, 19, 26]T in mm

§ tangling Ta = [0, 1, 2]T

§ teaselling Te = [0, 1, 2]T.

n Summary 
 When analysing the error values, we 
may note that the best effectiveness in 
the identification of unknotted spliced 
yarn ends is achieved in the case of the 
‘equivalent mode’ and the mode giv-
ing preference to a joint’s appearance. 
Slightly worse identification effects are 

obtained with the preference given to the 
joint’s strength. 

The presented ANN makes it possible 
to identify and classify the unknotted 
spliced yarn ends from the data fed to 
the network as the input vectors, and to 
associate them with the output vectors, 
i.e. the settings of the splicing device. 
However, it does not enable a physical 
or statistical quality model to be devel-
oped. When solving different tasks using 
an ANN, the problem of the ‘black box’ 
[5,6] can sometimes arise, which means 
a lack of insight into the model, and 

Figure 3. A general scheme of the artificial network (ANN) with 
input and output vector. 

Figure 2. Plan of tests; tE=[0 1 2 3 4]T, tA=[1 2 3 4 5]T; Z - non-measurable disturbances 
of the splicing process. 

Figure 1. Block scheme applied for classifying unknotted spliced 
yarn joints and assessing their quality. 
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thus no possibility of carrying out any 
optimisation. 

In order to optimise the working condi-
tions of the splicing device by means of 
soft computing techniques, it is necessary 
to combine artificial neural networks 
with other elements of artificial intel-
ligence such as genetic algorithms and 
elements of fuzzy logic, but particularly 
expert systems. 

Therefore further studies will be contin-
ued with application of the above-men-
tioned elements of artificial intelligence. 

n Conclusions 
An artificial neural network (ANN) simi-
lar to a network of the Adaline type, with 
a linear activation function and ‘bubble’ 
error sorting, has been designed to rec-
ognise and classify unknotted, pneumati-
cally-spliced yarn joints of combed wool. 
The following conclusions can be drawn 
on the basis of the investigation: 
§ The application of the ANN makes the 

procedure of recognising and classify-
ing yarn joints clear and simple. To 
take advantage of the ANN’s capa-
bilities, it is only necessary to create 
a database of the unknotted spliced 
joints and to determine the features of 
the objects to be assessed. 

§ The ANN faultlessly recognises 
spliced unknotted joints stored in the 
database, and assesses their quality 
quickly and effectively.

§ From the analysis of the classified 
samples chosen, it can be seen that 
the quality of unknotted spliced joints 
varies considerably. The quality as-
sessment depends on the established 
classification criteria for non-measur-
able characteristics such as tangling 
and teaselling, and on the preferences 
which can favour particular features.

§ To avoid a subjective assessment of 
non-measurable spliced yarn features, 
digital image analysis of spliced joints 
should be applied. This problem, 
however, goes beyond the range of 
this study.

§ Slight modifications to the code in-
structions can widen the application 
of the ANN system to assess other 
features of textile raw materials or 
products. For example, it could be 
used for the evaluation of cotton qual-
ity based on its colour or trash content, 
or to estimate the pilling phenomenon 
or different faults of flat textiles. 

Table 2. The results of the three-degree quality evaluation of ‘unknotted’ spliced yarn joints 
for pre-set values ηw=81%; Ers=5%; lp=19 mm; Ta =1; Te=1; N - Number of classified 
‘winner’ neurons corresponding to joint, S - Settings of Jointair 4941 splicing device. 

N 
Established 

modes of 
evaluation

Joint 
quality S Microphotograph images 

of joints selected by ANN 

141 Equivalent medium tA = 1 
tE = 2

424 Preference to 
joint strength poor tA = 2

tE = 3

    3
Preference 

to joint 
appearance

poor tA = 1 
tE = 0

Table 3. The results of the three-degree quality evaluation of ‘unknotted’ spliced yarn joints 
for pre-set values ηw=92%; Ers=6%; lp=16 mm; Ta =1; Te=1; N, S - as in Table 2. 

N
Established 

modes of 
evaluation

Joint 
quality S Microphotograph images 

of joints selected by ANN 

189 Equivalent good tA = 1 
tE = 3

    9 Preference to 
joint strength good tA = 1 

tE = 1

    2
Preference 

to joint 
appearance

medium tA = 1 
tE = 0

Table 4. The results of the three-degree quality evaluation of ‘unknotted’ spliced yarn joints 
for pre-set values ηw=110%; Ers=7%; lp=26 mm; Ta =2; Te=0; N, S - as in Table 2. 

N 
Established 

modes of 
evaluation

Joint 
quality S Microphotograph images of joints selected by ANN 

59 Equivalent good tA = 1 
tE = 1

61 Preference to 
joint strength medium tA = 1 

tE = 1

50
Preference to 

joint 
appearance

poor tA = 1 
tE = 0
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§ By observing the correlation be-
tween the technological parameters 
of a splicing device and the spliced 
yarn’s characteristics, it is possible to 
establish the optimum setting of the 
machine to obtain the most desirable 
spliced yarn quality with regard to its 
strength or/and appearance.

Editorial note 
The first part of this article was published in 
“Fibres & Textiles in Eastern Europe”, Vol. 13, 
No 1 (49), 2005, p. 39. 

References 
  1.  Servicing instruction of Jointair 4941 

Splicer, Mesdan firm. 
  2.  Servicing instruction of Espero automatic 

winder, Savio firm. 
  3.  M. Machnio, R. Drobina, T. Zuśka, 

Assessment of strength parameters of 
pneumatically spliced yarns ends after 
breakage. Research report, University 
of Bielsko-Biała, 2003. 

  4.  S. Lewandowski, R. Drobina, M. Walen-
tak, Optimisation of splicing device with 
the aspect of joint appearance. Research 
report, University of Bielsko-Biała, 2003.

  5.  Sette S., Boullart L., Van Langenhove L. 
‘Building a Rule Set for the Fiber-to-Yarn 
Production Process by Means of Soft 
Computing Techniques’, Textile Res. J. 
Vol. 70, (05/2000), pp. 375-386 

  6.  Sette S., Boullart L., Van Langenhove 
L. ‘The complex relationships betwe-
en fibres, production parameters and 
spinning results’, Department of Textiles 
Ghent University, Belgium, lieva.vanlan-
genhove@rug.ac.be 

Figure 4. Fragmentary diagram of the first thirty sorted neurons, considering values of their 
learning errors with equal importance of features. 
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Table 5. Numbers of classified ‘winner’ neurons corresponding to joint

Pre-set value
Numbers of classified 

‘winner’ neurons 
corresponding to joint

Established modes
of evaluation

Joint
quality

Error 
values 

ηw=81%; Ers=5%; 
lp=19 mm; 
Ta=1; Te=1

141 Equivalent medium 0.001

424 Preference to joint strength poor 0.006

    3 Preference to joint appearance poor 0.003

ηw=92%; Ers=6%; 
lp=16 mm; 
Ta=1; Te=1

189 Equivalent good 0.002

    9 Preference to joint strength good 0.002

    2 Preference to joint appearance medium 0.001

ηw=110%; Ers=7%; 
lp=26 mm; 

Ta=2 ; Te=0

  59 Equivalent good 0.002

  61 Preference to joint strength medium 0.009

  50 Preference to joint appearance poor 0.002
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