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Abstract — Time in manufacturing process is
critical. A lot of manufacturing companies rely on
their operator’s knowledge, experience, or random
methods to adjust CNC machines. Sometimes these
judgements are ineffective and limited to their own
knowledge resulting in an overall decrease in
productivity, sales, and profit. Data mining has
proven to be an important tool for knowledge
acquisition in manufacturing processes. In this
paper we will show how data mining techniques
and machine learning model could help to
effectively adjust CNC machines based on
historical data.

Key Terms — data mining, machine learning,
manufacturing, neural network

INTRODUCTION

Knowledge is the most valuable asset of a
manufacturing enterprise, as it enables a business to
differentiate itself from competitors and to compete
efficiently and effectively to the best of its ability
[1]. The use of databases and statistical techniques
are well established in engineering. The first
applications of artificial intelligence in engineering
in general and in manufacturing in particular were
developed in the late 1980s [2, 3].

Traditionally, it was the responsibility of
analysts, who generally used statistical techniques,
but increasingly data mining, which is an emerging
area of computational intelligence, is providing new
systems, techniques, and theories for the discovery
of hidden knowledge in large volumes of data. Data
mining is a blend of concepts and algorithms from
machine learning, statistics, artificial intelligence,
and data management [1]. Data mining is therefore
a rapidly expanding field with growing interests
and importance and manufacturing is an application

area where it can provide significant competitive
advantage.

The use of data mining techniques in
manufacturing began in the 1990s and it has
gradually progressed by receiving attention from
the production community [4]. Data mining is now
used in many different areas in manufacturing
engineering to extract knowledge for use in
predictive maintenance, fault detection, design,
production, quality assurance, scheduling, and
decision support systems. Data can be analyzed to
identify hidden patterns in the parameters that
control manufacturing processes or to determine
and improve the quality of products. A major
advantage of data mining is that the required data
for analysis can be collected during the normal
operations of the manufacturing process being
studied and it is therefore generally not necessary to
introduce dedicated processes for data collection.
Since the importance of data mining in
manufacturing has clearly increased over the last 30
years, it is now appropriate to critically review its
history and application [5, 6].

BACKGROUND

Data mining is the process of discovering
interesting patterns and knowledge from large
amounts of data. The data sources can include
databases, data warehouses, the Web, other
information repositories, or data that are streamed
into the system dynamically [7].

The knowledge discovery process is shown in
figure 1 as an iterative sequence of the following
steps:

e Data cleaning: to
inconsistent data.

e Data integration: where multiple data sources
may be combined.
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e Data selection: where data relevant to the
analysis task are retrieved from the database.

e Data transformation: where data are
transformed and consolidated into forms
appropriate for mining by performing summary
or aggregation operations.

e Data mining: an essential process where
intelligent methods are applied to extract data
patterns.

e Pattern evaluation: to identify the truly
interesting patterns representing knowledge
based on interestingness measures.

o Knowledge presentation: where visualization
and knowledge representation techniques are
used to present mined knowledge to users.
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Figure 1
Data mining as a step in the process of knowledge discovery

Machine learning is a form of Al that enables a
system to learn from data rather than through
explicit programming [8]. Machine learning uses a
variety of algorithms that iteratively learn from data
to improve, describe data, and predict outcomes. As
the algorithms ingest training data, it is then

possible to produce more precise models based on
that data. A machine learning model is the output
generated when you train your machine learning
algorithm with data. After training, when you
provide a model with an input, you will be given an
output. For example, a predictive algorithm will
create a predictive model. Then, when you provide
the predictive model with data, you will receive a
prediction based on the data that trained the model.

Deep learning is a specific method of machine
learning that incorporates neural networks in
successive layers to learn from data in an iterative
manner. Deep learning is designed to emulate how
the human brain works so computers can be trained
to deal with abstractions and problems that are
poorly defined [8].

A neural network consists of three or more
layers: an input layer, one or many hidden layers,
and an output layer. Data is ingested through the
input layer. Then the data is modified in the hidden
layer and the output layers based on the weights
applied to these nodes. The typical neural network
may consist of thousands or even millions of simple
processing nodes that are densely interconnected.
The term deep learning is used when there are
multiple hidden layers within a neural network.
Using an iterative approach, a neural network
continuously adjusts and makes inferences until a
specific stopping point is reached [8].

PROBLEM

In  manufacturing, machining is a very
complicated process. Adjusting CNC machines for
high precision parts could be a very difficult task.
These adjustments are made by trial and error or by
experiences of the operator and it could take weeks
or even months to find out the correct inputs.
Companies expends a lot of money in this process
and in some cases leads to losses. If this time could
be reduced companies could start manufacturing
good parts earlier and start generating sales and
increasing productivity and profit.



METHODOLOGY

A schematic diagram of the proposed
procedure is shown in figure 2. This proposed
procedure will be focus on the data mining section
but all step for the knowledge discovery process
will be applied. The study started with running the
CNC machine several times with different input
parameters. After that, the parts will be inspected
using a Coordinate Measuring Machine (CMM).
The results from the CMM will be loaded into a
database. Data selection and transformation will be
used to get the specific data need it and with the
format necessary to input in the neural network
algorithm. The neural network algorithm will load
the data and will start training. With this training
the neural network algorithm will learn about the
patterns in the data and then can predict values
based on that training set data. Once the training is
completed, we will input the target value that we
want to reach in the parts and the neural network
algorithm will give us the inputs values for the
CNC machine. The new values will be introduced
in the CNC machine and the process will start again
until achieve the nominal dimensions of the part.
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Figure 2
Schematic diagram of the proposed procedure

RESULTS AND DISCUSSION

A manufacturing process was chosen from a
medical device industry to implement the proposed
procedure. Equipment such as CNC machine and
Coordinate Measuring Machine are running for a
development process of a product. The data
collection process is an existing process in the
company. They use a program to collect the data
from the CMM and then transform that data to load
it in their database system.

Neural Network algorithm was created in
Python using machine learning libraries such as
TensorFlow and Keras. Training set data was
obtained from the database and contains 1,000
samples with 10 inputs and three outputs. A total of
73 neurons were used for this neural network. Input
layer has 10 neurons, three hidden layers with 20
neurons each one and output layer with three
neurons. An example of neural network diagram
with three hidden layers is shown in figure 3.
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Figure 3
Example of neural network diagram with three hidden
layers

K-fold cross-validation was used to evaluate
the neural network model. Cross-validation is a
statistical method used to estimate the performance
or accuracy of machine learning models. The model
evaluation metrics used are the Mean Absolute
Error (MAE) and Standard Deviation. MAE will
predict how off is our model prediction from the
real data. Figure 4 shows us that our Mean
Absolute Error and Standard Deviation are 2.713
and 0.538, respectively.
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Figure 4
Mean absolute value and standard deviation

Predicted model is trained and cross-validation
was completed. Now we can use the neural network
algorithm to predict the output values required. The
operator of the CNC machine should input the
dimensions of the critical features of the part in the
algorithm. In our case we have 10 critical features
that will be input in the algorithm as an array of 1
by 10. Figure 5 shows the 10 critical features that
will be used as input. Once the inputs are selected,
the algorithm will be predicting three values that
will be used in the CNC machine to adjust it. Figure
6 shows the predicted values by the algorithm as an
array of 1 by 3.

[-8.92850353, 2.1928438%, -8.42632556%2, -9.2
18432258, -1.13655612, -©.55671662, -8.63169
@45, -B.87625893, -B.99445573, -8.3677487]

Figure 5
Input values in neural network

Predicted: [-147.5557 -84.12978 -52.29834]

Figure 6
Predicted values in neural network

The predicted values used as input parameters
for the CNC machine demonstrated incredibly good
results. Adjusting time was reduced to one quarter
of the actual time. To calculate the annual saving
for a company using this algorithm, we need take in
consideration the salary per hours of an operator
and how many CNC machines the company has for
manufacturing. Assuming that the average salary of
an operator is $10/hour, the annual salary based on
2080 hours will be $20,800. If we reduce the time
to one quarter, 520 hours, for the same job the
company will be paying $5,200. This is a total
saving of $15,600 per machine. If we calculate the

annual saving for 100 CNC machines, the total
saving for the company will be $1,560,000. Table 1
shows calculations for the total savings.

Table 1
Total annual saving for 100 CNC machines

Salary per hour $10.00

Hours in a year 2080

Total salary $20,800.00

Saving hours 1560

Saving per machine $15,600.00

Machines 100

Total savings $1,560,000.00
CONCLUSION

A new neural network algorithm was presented
for adjusting CNC machine in manufacturing. The
algorithm extracts useful knowledge from dataset
obtained from the manufacturing process and then
identify pattern from this dataset. This will help any
operator does not matter the level of experience to
adjust CNC machine close to the desire values. The
proposed procedure was shown to be capable of
giving accurate results and being an asset in the
manufacturing process.

FUTURE WORK

Preventive Maintenance is very important for
manufacturing industry. If we can determine which
CNC machine need maintenance before breaking it
we can reduce the down time of the machine and
increase productivity. Applying Data Mining
techniques such as clustering we can determine
what machines are in excellent conditions or what
machines need maintenance.
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