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The observed research belongs to the
problems dealing with continuous input and output
values i.e. problems connected with prediction, thus
the back-propagation network is applied. Figure 2
shows the structure of a back-propagation network
with one hidden layer (there can be more hidden
layers), while the structure of an artificial neuron
is shown in Figure 3.
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The value of the weighted connections
increase in the network [ ]s

jiw∆  is now:
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where vector � �1 2 3, , ,...,i i i i inX x x x x�  represents
input variables, and vector � �1 2 3, , ,...,o o o o onY y y y y�

output variables.
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In the given problem the model vector has
one output variable – the rate of polishing. The
technological time is calculated from the rate of
polishing. Input variables are: kind of material, tube
external diameter, wall thickness, oval shaping of
the tube after the first phase of production,
gradation of the belts used for grinding or polishing
adjusted on machine (conveyor), condition of belts
(time of usage), pressure of belts, required and
performed roughness of the surface, length of tubes
and polishing phase (Table 1).

The RMS error (Root Mean Square error)
is taken as a criterion for network validation. It is
defined as:
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In expression (9) the formula for the Delta
rule is given:

                   
(9),

where is the value of the difference in the weights
of neuron j and neuron i realized in two steps (k-th
and k-1), mathematically described by:
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where y
dj
 is the actual (desired) output. The error

given by the expression (11) returns to the network
only rarely, other forms of error are used instead
depending on the kind of network.

For most actual problems various rates of
learning are used for various layers with a low rate
of learning for the output layer. It is usual for the
rate of learning to be set at a value anywhere in the
interval between 0.05 and 0.5, the value decreasing
during the learning process. While using the Delta
rule algorithm the used data are to be selected from
the training set at a random basis. Otherwise
frequent oscillations and errors in the convergence
of results can be expected.

The transfer function used in this paper is the
Sigmoid function calculated according to
expression:
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2.3 Obtained Results

The study of the application of the back-
propagation network was carried out for a defined
data model. By alternating the attributes diverse
architectures of neural networks were studied. The
attributes of the network that gives minimum RMS
error are shown in Table 2. This network
architecture generated the network output with
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3.01% rate of RMS error in the training phase and
4.82 % in the validation phase.
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3 INTEGRATION OF A PREDICTION MODEL
BASED ON NEURAL NETWORKS INTO A

TECHNOLOGICAL SUBSYSTEM

The company in which the study was carried
out had an ERP (Enterprise Resource Planning)
system integrated previously. The structure and
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Fig. 5. Presentation of actual and predicted values given by NN for the rate of polishing
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components of the ERP system are shown in Figure
8.

By implementing the ERP system the
organization level of the preparation,
manufacturing and service jobs has raised, quality
of management has improved and control of the
processes of preparation and production has
become easier. Stocks of materials, production
costs, costs of quality deviation (scrap, refinish),
costs of customer complaints, costs of penalties due
to delays in delivery have all been reduced.
Production cycle time and production preparation
time have been cut, number of required documents
and amount of manual work needed for data
entering and copying has become smaller. The time
necessary to repair damages and machine
breakdowns has been reduced. The ERP system

technological subsystem DEPTO makes it possible
to enter and define materials, raw materials, work-
pieces, assembly blocks and products, product
components with standards for raw materials,
materials and finished parts. It also enables the
definition of manufacturing processes, material
ratings, technological times per operation resulting
from experience, connection and inspection of
drawings of parts, assembly blocks and products
and print-out of technological documentation.

Determination of the feasible times of
delivery based on offers and later also on orders in
the Selling and Calculation subsystem – PROKA
is mainly experientially based. The system users
only rarely carry out multi-criteria analyses. A
major factor in determining the times of delivery
is the technological time. The overall time of a
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Fig. 6. Rate of polishing dependence on tube
external diameter and usage time of belts

Fig. 7. Rate of polishing dependence on tube
external diameter and pressure of abrasive belts
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manufacturing process can be calculated from the
ERP technological subsystem previously defined
technological parameters, including the rate of
polishing. However, this theoretical, empirical
value of the polishing rate based on the condition
of the tubes, machine and equipment, changes. That
is why the obtained model based on the application
of neural networks has been integrated into the
existing ERP system of the company K���
K�	���-
Welded Vessels Ltd. The model is directly
integrated into the DEPTO subsystem.

Therefore, one of the goals of the prediction
model integration into the ERP system is to more
precisely predict the rate of polishing, thus the time
of machining and feasible times of delivery, on the
basis of the system obtained model actual data.
Such precise predictions of the rate and time of
polishing that the previously obtained model gives,
are essential in the planning and scheduling of
production and particularly of the production plan
revision.

Based on the system data and application
of the prediction model it is also possible to make
a correction of the empirical (theoretical) rate of
polishing at the moment of the preparation of
technological documentation and perform
launching with the real technological times.

A month long application of the integrated
model has proven efficient as it gives the actually
needed times of polishing (Fig. 9). The necessary
data that represent the input into the obtained model
are collected from the following subsystems and
modules (Fig. 10): Commerce and Sales, Definition
of Products and Technology, Supply and Inventory,
Maintenance of Production Facilities, Common
Data Base, Production Monitoring, and Production
Planning and Scheduling.
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