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ABSTRACT
Growth in the manufacturing sector demands extensive
production with precision, accuracy, tolerance, and quality.
These essential factors need to be ensured for any kind of
job. The listed factors stated above depend upon the
condition of the tool used for manufacturing. A lot of
methods have been proposed for the tool condition
monitoring, based on the data acquired through acquisition
techniques. Despite the continuous intensive scientific
research for more than a decade, the development of tool
condition monitoring is an on-going attempt. The proposed
method deals with monitoring the health condition of the
carbide inserts using vibration analysis. The statistical
information extracted from the vibration signals was
analyzed using machine learning approach in order to
predict the tool condition.
Keywords: Carbide inserts; machine learning; vibration
analysis; statistical features; Confusion matrix.
1. INTRODUCTION
In manufacturing industries, single point cutting tool inserts
and drill bits are widely used as a tool for machining the
components. The machining operation will be carried out
continuously if there is an excessive demand. Every time an
operator has to monitor the finish of the material for
ensuring the quality as per standards. Any deviation can
lead to a huge loss to the manufacturing firm. In such
scenario, the machine idle time is increased. Moreover, the
production process also gets affected. Hence an approach
which can help the operator to identify the condition of the
tool for saving the time and reducing the losses caused due
to machine downtime is imposed. Tool condition
monitoring is one such approach which can help for
minimizing these losses in order to achieve better
production rates. Kurada & Bradley (1997) indicated that
the tool breakage is equally responsible for losses not only
in terms of time but the invested capital are also destroyed
due to unscheduled stoppages which are about 7-20%.

Sometimes it is not necessary that the tool may break but
wear of tool can also add to losses since the use of dull or
wear tool can add strain to machine system and can cause a
loss in terms of quality of finished work piece. Karandikar,
Ali Abbas and Schmitz (2013) proposed a basian model for
finding the remaining life time of a turning tool by
measuring the tool wear.
Use of the same tool for a prolonged period will lead to
wear. The wear of the tool is directly proportional to the
vibrations. The use of worn out tool often leads to increase
in vibrations. These vibrations have been considered as an
important aspect of the tool condition monitoring methods.
By analyzing these vibration signals, the condition of the
tool can be identified. In many tool condition monitoring
studies, the vibration signals were used for predicting the
tool condition (Das, Chattopadhyay & Murthy, 1996);
(Dimla, 2000). The vibrations that are caused can be
extracted or captured using sensors like accelerometer of
which the signals can be processed using signal processing
techniques (Chen & Chen, 1999). Bernhard sick (2002)
reported vibration based online tool wear monitoring
techniques for tool condition monitoring. In various
industrial applications, the vibration signals have been used
for condition monitoring (Anil Kumar, Gurmeet Singh &
Naikan, 2015); (Chao Jin, Ompusunggu, Zongchang Liu,
Ardakani, Fredrik Petre & Jay Lee, 2015). Hence in this
study vibration signals have been considered for the
condition monitoring process.
The acquired vibration signals under all good and faulty
conditions need to be analyzed for obtaining the tool
condition. There were many approaches for monitoring the
condition through vibration analysis. In recent years,
machine learning has been adopted for monitoring measures
in many applications (Witten, Eibe & Ian, 2002). Machine
learning is an area of artificial intelligence developing a
model which can learn from the data. More specifically,
machine learning is a method for creating an algorithmic
model through data analysis. Machine learning approach
develops a model to train, test and classify the data based on
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its information (Elangovan, Sakthivel, Saravanamurugan,
Nair & Sugumaran, 2015). The machine learning approach
consists three steps: feature extraction, feature selection, and
feature classification.
The vibration signal consists the information as features like
statistical (Lu & Jain, 2006) (Jegadeeshwaran & Sugumaran
2015), histogram (Yang Bai, Lihua Guo, Lianwen Jin, &
Qinghua Huang, 2009), wavelet (Yen, Gary & Lin, 2000),
(Abdulhamit, 2007). The statistical features are the basis for
the histogram and wavelets. In a study statistical learning
was suggested for identifying faults in a multi-stage
manufacturing process (Xiaorui Tong, Ardakani, David
Siegel, Ellen Gamel & Jay Lee, 2017). In this study,
statistical features extracted from the vibration signals were
used for monitoring the tool condition.
Feature selection was the next step after feature extraction.
Feature selection is a process of removing insignificant
features from the data set. Many techniques like decision
tree, principal component analysis, have been reported for
feature selection. Song, Guo, and Mei (2010) proposed a
principal component analysis for feature selection.
However, PCA always relies on linear assumptions. PCA
models have trouble with large numbers of data points.
Dash and Liu (1997) proposed decision tree for selecting
good features. A novel hybrid classification system based on
J48 algorithm was proposed for both feature selection and
feature classification of the multi-class problems.
Sugumaran, Muralidharan, and Ramachandran (2007) used
decision tree for selecting good features from the extracted
features
of
the
roller
bearing.
Elangovan,
Babudevasenapathy, Sakthivel, and Ramachandran (2011)
used decision tree for feature selection in the tool condition
monitoring study. Decision tree can be represented more
compactly as an inﬂuence diagram. Hence, in the present
study, the decision tree was used for feature selection.
The final step in the machine learning approach is feature
classification. An expert system was developed using ANN
to predict the tool wear in turning and milling tool (Silva,
Reuben,
Wilcox,
1998),
(Ghosh,
Ravi,
Patra,
Mukhopadhyay, Paul, Mohanty & Chattopadhyay, 2005).
Chen and Jen (2000) suggested a data fusion neural network
model for monitoring the condition of a milling cutter.
Elangovan, Babudevasenapati, Sakthivel, Ramachandran,
2011) developed an expert system for condition monitoring
of a single point cutting tool using decision tree algorithm.
In another study, K-Star algorithm has been proposed for
tool condition monitoring using statistical features
(Sanidhya, Elangovan & Sugumaran, 2014). In a research,
support vector machine algorithm using statistical features
was studied for monitoring the condition of a single point
cutting
tool
(Elangovan,
Babudevasenapati,
&
Ramachandran, 2009). Several machine learning algorithms
like a best first tree (Jegadeeshwaran, & Sugumaran, 2013,
proximal support
vector
machines (Saimurugan,

Ramachandran, Sugumaran, and Sakthivel, 2011), were
reported for achieving better results in various condition
monitoring study. However, there is a limited study over the
condition monitoring of insert fitted tool. Das, Roy, and
Chttopadhyay (1996) used ANN model for predicting wear
on carbide inserts. An experimental study was conducted to
measure tool wear and the cutting force variations in the end
milling of Inconel 718 with coated carbide insert (Li, Zeng
& Chen, 2006). However, the literature for carbide insert
fitted tool health monitoring using machine learning is
almost nil. Hence, in this study, the carbide insert condition
monitoring has been performed using the machine learning
algorithms like decision tree and random tree. The
randomization can be improved by a random tree in which
the base learner randomly chooses both the feature on which
to split and the split itself. Since it does not optimize over
either the feature or the location of the split, it is very easy
to code and very fast to fit. Buntine and Niblett (1992)
studied the possibilities of using the random tree for the
fault diagnosis study. The time taken to build classifier
model is more compared to decision tree algorithm. Hence,
there is limited study using a random tree. However, the
random tree produced better classification results than the
decision tree algorithm.
Contributions in the present work are the following:
1. The procedure for acquiring the vibration signal under
various fault condition has been explained.
2. From the vibration signals, a set of statistical features
were extracted.
3. The contributing features were selected using a decision
tree.
4. J48 and Random tree were used as a classifier. All the
algorithms were trained and the results were compared.
The results show the effectiveness of the features that
were extracted features from the acquired vibration
signals.
2. EXPERIMENTAL STUDY
In this paper, an attempt was made to apply machine
learning technique to predict the tool health using the
vibration signals. Figure 1 shows the experimental setup
used for acquiring the vibration signals.

Figure 1. Experimental Setup
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1.

2.

:

67 (Arbitrarily chosen)

The experiment was conducted in two phases. In the first
phase, the insert was in a good condition. The vibration
signals for each parameter were acquired while other two
parameters were constant. The corresponding vibration
signals were recorded. Figure 3 shows the experimental
procedure for acquiring the vibration signals.

Figure 3. Experimental Procedure
Figure 4 and Figure 5 shows the sample vibration
signals acquired from the setup.
0.08
0.06
0.04
0.02
0
-0.02
-0.04
-0.06
1
62
123
184
245
306
367
428
489
550
611
672
733
794
855
916
977

3.

Thermal cracks: A combination of rapid temperature
fluctuations and mechanical shock can cause thermal
mechanical failure. Stress cracks form along the insert
edge, eventually causing sections of the insert’s carbide
to pull out and appear to be chipping. Thermal
mechanical failure is most often experienced in milling
and sometimes during interrupted-cut turning, facing
operations on a large number of parts, and operations
with intermittent coolant flow. Signs of thermal
mechanical
failure
include
multiple
cracks
perpendicular to the cutting edge. It is important to
identify this failure mode before chipping begins. These
thermal cracks were simulated by machining the
cylindrical job for a very high depth of cut (Refer
Figure 2(a)).
Flank Wear: An insert will fail due to normal wear in
any type of material. Normal flank wear is the most
desired wear mechanism because it is the most
predictable form of tool failure. Flank wear occurs
uniformly and happens over time as the work material
wears the cutting edge, similar to the dulling of a knife
blade. Flank wear which is caused due to high cutting
speed and less use of coolant was simulated by grinding
against the grinding wheel (Refer Figure 2(b)).
Broken edge: The mechanical fracture of an insert
occurs when the imposed force overcomes the inherent
strength of the cutting edge. This fault was
automatically generated while carrying out the
machining operation with high depth of cut (Refer
Figure 2(c)).

No. of samples

Amplitude (e-1 g)

The following most frequently occurring fault conditions
were considered in this study.

Sample length

(a) Flank wear

(b) Thermal wear

(c) Broken

Figure 4. Vibration signal acquired from the setup (S: 770
rpm; F0.135 mm; DOC: 0.8 mm).

Figure 2. Flank wear, Thermal wear & Broken Condition

Sample length :
Sampling frequency:

1024 (Arbitrarily chosen)
24 kHz (As per Nyquist sampling
theorem)

0.1
0.05
0
-0.05
-0.1
-0.15
1
65
129
193
257
321
385
449
513
577
641
705
769
833
897
961

These vibration signals were captured using 3055B1 LIVM
Accelerometer and NI DAQ (USB 4432). The following
parameters were selected for acquiring the vibration signals.

0.15

Amplitude (e-1 g)

The following machining parameters were selected for
acquiring the vibration signals:
Spindle speed
: 225 rpm – 900 rpm
Tool feed
: 0.06 mm, 0.095 mm, 0.177mm,
0.135 mm, 0.214 mm
Depth of cut
: 0.4 mm, 0.8 mm, 1.2 mm.

Sample length

Figure 5. Vibration signal acquired from the setup (S: 770
rpm; F: 0.214 mm; DOC: 1.2 mm).
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Under each set of parameters, the predictability of the
classifier model was tested. The parameters under which the
maximum accuracy was obtained were selected for the fault
diagnosis study. In the fault diagnosis study, under each
fault conditions, the relevant vibrations signals were
acquired with the selected parameters in phase 1. The
extracted vibration signal was processed using the machine
learning approach.

that implements the classification is called classifier. The
classifiers used for the above are J48 decision tree and
random tree classifiers.

3. MACHINE LEARNING APPROACH
As discussed earlier, machine learning approach consists
three basic steps: (i) Feature extraction; (ii) Feature
Selection; (iii) Feature classification.
3.1. Feature Extraction
Feature extraction is a process of extracting informative and
non-redundant data from a set of largely measured values.
These features represent the data measured in a more
informative way and are helpful in further analyzing of the
required information. The information contained in the
signals may be in the form of statistical and/or in the form
of histogram features. The statistical information like
sample variance, standard error, kurtosis, skewness,
minimum, standard deviation, maximum, count, mean,
median, mode, and sum are extracted from the raw vibration
signals under each conditions using a suitable feature
extraction technique. These features were extracted using a
visual basic code from excel.

Figure 6. Decision tree J48 Classifier

3.2 Feature Selection
Feature selection was done in two ways: (i) Decision tree;
(ii) Effect of a number of features study. In this study,
decision tree generated from both the algorithms were used
for feature selection. All the extracted features were fed as
input to the algorithm. The output was a decision tree as
shown in Figure 6 and Figure 7. The contributing features
were identified from the decision tree using a top-down
approach. Referring the Figure 6, only six features were
contributing to classification using J48. The following six
features were selected for classification. Minimum, mean,
range, kurtosis, sample variance, standard error. Based on
its contribution, the order of features was selected for
classification. Referring the Figure 7, the top eight features
were contributing to classification using a random tree. The
following eight features were selected for classification.
Kurtosis, minimum, median, standard deviation, skewness,
sample variance, maximum, and range were selected for the
classification. Based on its contribution, the order of
features was selected for classification.
3.3 Feature Classification
Classification is assigning the category to the new set of
observations by comparing with the already established data
set whose category membership is known. An algorithm

Figure 7. Decision tree for Random Tree classifier
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3.3.1. Feature classification using J48 algorithm
A decision tree is a tree based knowledge representation
methodology used to represent classification rules. Decision
tree learning is one of the most popular learning approaches
in classification because it is fast and produces models with
good performance. Generally, decision tree algorithms are
especially good for classification learning if the training
instances have errors (i.e. noisy data) and attributes have
missing values. A decision tree is an arrangement of tests on
attributes in internal nodes and each test leads to the split of
a node. Each terminal node is then assigned a classification.
A standard tree consists of a number of branches, one root,
nodes, and leaves. One branch is a chain of nodes from root
to a leaf, and each node involves one attribute. The
occurrence of an attribute in a tree provides the information
about the importance of the associated. A decision tree is a
tree based knowledge representation methodology used to
represent classification rules. The J48 decision tree
algorithm is a widely used one to construct decision trees
(Figure 6). The procedure of forming the Decision Tree and
exploiting the same for feature selection is characterized by
the following:
1.

2.

3.
4.

The selected set of statistical features was given as
input to the algorithm; the output from the algorithm is
the decision tree.
The decision tree has leaf nodes which represent class
labels and other nodes associated with the classes being
classified.
The branches of the tree represent each possible value
of the feature node from which they originate.
The decision tree can be used to classify feature vectors
by starting at the root of the tree and moving through it
until a leaf node which provides a classification of the
instance is identified.

using all the features. With each node, a new subset was
generated with fixed size.
In random trees, there is no need for any accuracy
estimation procedures, such as cross-validation or bootstrap,
or a separate test set to get an estimate of the training error.
The error is estimated internally during the training. When
the training set for the current tree is drawn by sampling
with replacement, some vectors are left out (out of bag
(OOB) data). The classification error is estimated by using
this oob-data.
4. RESULTS AND DISCUSSION
Condition monitoring of Carbide insert was studied using
machine learning technique. The selected classifier models
were tested for finding the prediction accuracy.
4.1. Parameter prediction
The experiment was conducted under five different speed
conditions, five feeds and three depths of cut. The insert was
kept in good condition, and the vibration signals under each
parameter combinations were recorded. From the acquired
vibration signals, the statistical features were extracted. The
extracted features were classified using J48 decision tree
algorithm and the random tree classifier. The input to the
algorithms is statistical features. The output will be the
classification accuracy as shown in Table 1.
Speed

Feed

255

0.06
0.095
0.135
0.177
0.214
0.06
0.095
0.135
0.177
0.214
0.06
0.095
0.135
0.177
0.214
0.06
0.095
0.135
0.177
0.214
0.06
0.095
0.135
0.177
0.214

385

3.3.2. Random tree algorithm
The random tree algorithm can deal with both classification
and regression problems. The random tree is a collection
(ensemble) of tree predictors called a forest. The
classification works as follows: the random trees classifier
takes the input feature vector, classifies it with every tree in
the forest, and outputs the class label that received the
majority of ―votes‖. In the case of a regression, the classifier
response is the average of the responses of all the trees in
the forest. All the trees were trained with the same
parameters but on different training sets. These sets were
generated from the original training set using the following
bootstrap procedure:
1.

2.

The same number of vectors was chosen randomly with
a replacement for each training set. Some vectors will
occur more than once and some will be absent.
At each node of each trained tree, a random subset of
the variables was used to find the best split instead of

585

770

900

Classification accuracy (%)
J48 Algorithm
Random tree
64.68
64.68
59.20
51.74
65.67
60.70
62.69
59.70
59.70
60.70
77.61
68.16
61.19
57.71
80.10
76.62
76.12
64.68
84.08
83.58
66.67
73.63
86.07
85.07
79.60
75.62
72.64
70.15
59.70
61.69
98.01
96.02
70.15
70.15
95.52
98.01
76.62
69.15
85.07
86.07
73.11
69.71
78.11
71.14
75.62
67.16
94.03
95.02
86.57
86..07

Table 1. The effect of number of features
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From the Table 1, it is seen that J48 classifier has shown the
most corrected classified instance for Speed 770 and feed
0.06. Hence, these parameters (Speed 770 rpm; Feed 0.06
mm/rev) were selected for the condition monitoring study.

sample variance, standard error. The selected features alone
were classified using the J48 decision tree algorithm. The
classification accuracy was presented in the form confusion
matrix as shown in Table 3.

4.2. Effect of number of features study

Good Flank Wear Thermal Wear

The results were obtained using all the features (Table 2).
All the extracted features may not be required for the
classification. Hence the feature selection process was
carried out using the decision tree and the effect of a number
of features study. Initially, the decision tree was generated
under the predicted parameter combinations. Based on the
order obtained from the decision tree, the classification
accuracy was found. Initially, the top feature alone was
selected and was classified using the both decision tree and
random tree. The corresponding classification accuracy was
noted down as shown in Table 2.

1

Classification Accuracy
Random
J 48
Tree
91.04
60.07

2

91.04

92.91

3

88.81

92.16

4

88.81

89.18

5

88.06

90.67

6

94.78

93.66

7

94.03

94.40

8

91.79

98.13

S.
No.

66

0

0
0
0

Broken Tool

Condition

1

0

Good

64

3

0

Flank Wear

2

62

3

Thermal Wear

0

5

62

Broken Tool

Table 3. Confusion matrix – J48 Decision Tree algorithm
The confusion matrix is a square matrix in which the
summary of the classification accuracy can be found. The
diagonal elements in the confusion matrix are the correctly
classified data points and the non-diagonal elements are
misclassified data points. In the confusion matrix, the first
row represents the data points belong to good condition. The
first element in the first column belongs to its classified
state. Out of 67 data points, 66 were correctly classified as
Good. One data has been misclassified as Thermal wear.
The second row represents flank wear. The second element
in the second column is a number of data points that are
correctly classified. Out of 67 data points, 64 data points
were correctly classified. The three data points were
misclassified as thermal wear. As discussed above the
classification and the misclassification details can be studied
using the confusion matrix. The accuracy of the individual
class can be studied using the detailed accuracy by class.
Table 4 shows the detailed accuracy by class.

9

92.16

94.78

10

94.78

94.40

11

94.78

98.13

0.985

0

1

0.985

0.992

0.993

1

12

94.78

96.27

0.97

0.005

0.985

0.97

0.977

0.983

2

0.985

0.02

0.943

0.985

0.964

0.983

3

0.985

0

1

0.985

0.992

0.993

4

0.981

0.006

0.982

0.981

0.981

0.988

Table 2. Effect of number of features
The second feature from the decision tree was clubbed with
the first feature and the combination was classified using the
decision tree algorithm. The third feature was clubbed with
the previous combination and was classified using the
decision tree algorithm. The same procedure was repeated
until all the feature combinations were classified. Table 2
shows the effect of a number of features study. Referring
Table 3, J48 produces maximum classification accuracy
with both 6 and 11 features, whereas, the random tree
produces the maximum classification accuracy with 11
features.
4.3. Feature classification using J48 decision tree
algorithm
From the decision tree (Figure 6) the top six features were
selected for the classification. The same was verified with
the effect of a number of features study (Table 2). The
selected features are minimum, mean range, kurtosis,

TP Rate FP Rate Precision Recall

F-Measure ROC Area

Class

Wt. Avg

1: Good; 2: Flank Wear; 3. Thermal Wear; 4. Broken Tool

Table 4. Detailed accuracy by class - J48 Decision Tree
Among the 258 data points belong to all fault conditions, 14
data points were misclassified. The overall accuracy of the
J48 decision tree classifier is found to be 94.78 %. This
classification result was obtained through a 10-fold cross
validation process.
In machine learning, the classification accuracy of a model
is mostly affected by the over-fitting criteria. Over-fitting
normally will occur when the data set is too small and the
number of parameters in the model is large. The over-fitting
criteria was reduced partially by enabling the methods like
Leave-one-out-cross validation (LOOCV), early stopping
(Qi et al., 2004), regularisation (Cawley and Talbot, 2007),
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hyper-parameter averaging (Hall and Robinson, 2009).
Recent study reported k-fold cross validation have been
suggested for reducing the over-fitting problems (2010). In
this study also a 10-fold cross validation has been used to
overcome the over-fitting problems.

sample variance, maximum, and range. The same has been
verified using the effect of a number of features study
(Table 2). The selected features were classified using the
random tree algorithm. The classification accuracy was
presented as a confusion matrix as shown in Table 7.

In 10-fold cross-validation, the original sample is randomly
partitioned into 10 equal size sub-samples. Out of the 10
subsamples, a single subsample is retained as the validation
data for testing the model, and the remaining 9 subsamples
are used as training data. The cross-validation process is
then repeated 10 times (the folds), with each of the 10
subsamples used exactly once as the validation data. The 10
results from the folds can then be averaged to produce a
single estimation. The advantage of this method is that all
observations are used for both training and validation, and
each observation is used for validation exactly once. The
summary of the classification study has been in Table 5.
Referring the confusion matrix, none of the fault conditions
were misclassified as good condition. Hence J48 can be
used for the fault diagnosis study.

Good Flank Wear Thermal Wear Broken Tool

Total Number of Instances

268

Correctly Classified Instances

254

94.78%

Incorrectly Classified Instances

14

5.22%

Table 5. Classification Summary – J48 Decision Tree
Algorithm
The built decision tree model can also be tested using the
unseen data. In this process, in each condition, out of 67
data 50 data was used for training and 17 data was used as
unseen data (test data for validation). Including all
conditions, 200 data was used for training and 68 data was
used for testing. Table 6 shows the confusion matrix
obtained for the test data. Among the 68 unseen data, 64
data were correctly classified. Hence, the overall
classification accuracy was found to be 94.11 %. Even
though the process is same, the 10-fold cross-validation
gives a better result.
Good Flank Wear Thermal Wear Broken Tool

Condition

17

0

0

0

0

16

1

0

Flank Wear

0

1

15

1

Thermal Wear

0

0

1

16

Broken Tool

Good

Table 6. Confusion matrix – Decision tree algorithm

Condition

66

0

1

0

0

65

2

0

Flank Wear

0

1

66

0

Thermal Wear

0

0

1

66

Broken Tool

Good

Table 7. Confusion matrix – Random tree algorithm
The diagonal elements show the correctly classified
instances. The non-diagonal elements show the
misclassified instances. Out of 258 data points, only 5 data
points were misclassified. Moreover, there is no fault
conditions were misclassified as good condition. Hence, the
random tree produces maximum classification accuracy as
98.13 %. The detailed accuracy by class has been given in
Table 8.
TP Rate FP Rate Precision
0.985

0

1

Recall
0.985

F-Measure ROC Area

Class

0.992

0.993

1
2

0.955

0.01

0.97

0.955

0.962

0.976

0.925

0.045

0.873

0.925

0.899

0.978

3
4
Wt. Avg

0.925
0.948

0.015

0.954

0.925

0.939

0.975

0.017

0.949

0.948

0.948

0.98

1: Good; 2: Flank Wear; 3. Thermal Wear; 4. Broken Tool

Table 8. Detailed accuracy by class – Random Tree
The classification accuracy was found using the 10-fold
cross-validation process. The summary of the classification
accuracy has been given in Table 9.
Total Number of Instances

268

Correctly Classified Instances

263

98.13%

Incorrectly Classified Instances

5

1.87%

Table 9. Summary of the classification accuracy – Random
tree algorithm
The random tree model was also tested with unseen data.
The model was trained using the training data. 68 new data
points were considered for the model testing.
Good Flank Wear Thermal Wear Broken Tool

4.4. Feature classification using Random tree algorithm

17

0

The features extracted from the vibration signals were used
to generate a decision tree from the random tree algorithm.
From the decision tree, the following features that contribute
for classification were only selected for classification:
kurtosis, minimum, median, standard deviation, skewness,

0
0
0

Condition

0

0

17

0

0

Flank Wear

1

16

0

Thermal Wear

0

1

16

Broken Tool

Good

Table 10. Confusion matrix – Random tree algorithm
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The trained model was tested using the test data set. Out of
68 data points, 66 data points were correctly classified and
the overall classification accuracy was found to be 97.06 %.
Table 10 shows the confusion matrix obtained for the test
data. Comparatively, the 10-fold cross-validation produced
a better result.
4.5. Comparative study
For predicting the insert condition monitoring, two
algorithm models were selected for diagnosing the faults
(Table 11). The decision tree algorithm produces 94.78 %
accuracy whereas the random tree produced 98.13 %. the
tool inserts must be monitored continuously for obtaining
better and reliable products. In this scenario, the random tree
can be used for obtaining the better Classification accuracy
than decision tree.
Name of the classifier

Classification Accuracy (%)

J48 Decision Tree Algorithm

94.78

Random Tree Algorithm

98.13

Table 11. Comparative Results
5. CONCLUSION
In this study, J48 decision tree algorithm and random tree
classifier were used to study the condition monitoring of
carbide insert tool with the help of acquired vibration
signals. From the vibration signals, twelve set of statistical
features were extracted. Using the decision tree, the
contributing features were selected. The selected features
were classified using the J48 decision tree algorithm and
random tree classifier. The accuracy of the J48 algorithm
was found to be 94.78 % while random tree classifier
estimated an accuracy of 98.13%. The features, unless the
data is in abundance, will not cause a problem. Hence
considering the above study Random tree classifier can be
used to study the carbide insert tool condition monitoring.
The above study can be extended on uncoated inserts to
make a comparison which will help us understand the
behavior of the algorithm.

REFERENCES
Anil Kumar T Ch, Gurmeet Singh, Naikan V N A. (2015).
Effectiveness of vibration monitoring in the health
assessment of induction motor, International Journal of
Prognostics and Health Management, vol. 6, pp. 1-9.
Bai Yang, Lihua Guo, Lianwen Jin, & Qinghua Huang.
(2009). A novel feature extraction method using
pyramid histogram of orientation gradients for smile
recognition. IEEE International Conference on Image
Processing, November 7 – 12, Cairo, Egypt.

Bernhard Sick. (2002). On-line and indirect tool wear
monitoring in turning with artificial neural networks: a
review of more than a decade of research, Mechanical
Systems and Signal Processing, vol. 16, no. 4, pp. 487546.
Buntine, W. & Niblett, T. (1992), A Further Comparison of
Splitting Rules for Decision-Tree Induction, Machine
Learning, Vol. 8, pp. 75–85.
Chen Shang-Liang, & Jen Y.W. (2000). Data fusion neural
network for tool condition monitoring in CNC milling
machining. International Journal of Machine Tools and
Manufacture. vol. 40, no. 3, pp. 381-400.
Chao Jin, Agusmian P Ompusunggu, Zongchang Liu,
Hossein D Ardakani, Fredrik Petre & Jay Lee. (2015).
Envelope Analysis on Vibration Signals for Stator
Winding Fault Early Detection in 3-Phase Induction
Motors, International Journal of Prognostics and
Health Management, vol. 6, no. 1, pp. 1-12.
Das S., Chattopadhyay, A. B., & Murthy A.S.R. (1996).
Force Parameters for On-line Tool Wear Estimation: A
Neural Network Approach, Neural Networks, vol. 9, no.
9, pp. 1639-1645
Das S., Roy R., & Chttopadhyay, A. B. (1996). Evaluation
of wear of turning carbide inserts using neural
networks. International Journal of Machine tool
manufacturing. vol. 36, no. 7, pp. 789 -797.
Dash, M. & Liu, H. (1997). Feature selection for
classification. Intelligent data analysis. vol. 1, pp. 131156.
Dimla, E. Dimla, Snr. (2000), Sensor signals for tool wear
monitoring in metal cutting operations - a review of
methods, International Journal of Machine Tools and
Manufacture, vol. 40, no. 8, pp. 1073-1098,
Elangovan, M. S., Babu Devasenapati, S., Sakthivel, N. R.
& Ramachandran, K. I. (2011). Evaluation of an expert
system for condition monitoring of a single point
cutting tool using principle component analysis and
decision tree algorithm. Expert Systems with
Applications, vol. 38, no. 4, pp. 4450-4459.
Elangovan, M., Sakthivel, N. R., Saravanamurugan, S., Nair
B. B., & Sugumaran, V. (2015). Machine Learning
Approach to the Prediction of Surface Roughness Using
Statistical Features of Vibration Signal Acquired in
Turning Procedia Computer Science, vol. 50, pp. 282288.
Elangovan, M., S. Babu Devasenapati, & Ramachandran, K.
I. (2009). Condition Monitoring of a Single Point
Cutting Tool Using Support Vector Machine,
International Conference on Advances in Mechanical
and Building Sciences (ICAMB-2009). Vellore Institute
of Technology, Vellore.
Gavin C. Cawley & Talbot L. C. (2010). On Over-ﬁtting in
Model Selection and Subsequent Selection Bias in
Performance Evaluation, Journal of Machine Learning
Research, vol. 11, pp. 2079 - 2107.

8

INTERNATIONAL JOURNAL OF PROGNOSTICS AND HEALTH MANAGEMENT

Gavin C. Cawley & Talbot L. C. (2007). Preventing overﬁtting during model selection via Bayesian
regularisation of the hyper-parameters. Journal of
Machine Learning Research, vol. 8, pp. 841–861.
Ghosh, N, Ravi, Y. B., Patra, A., Mukhopadhyay, S., Paul
S., Mohanty, A. R., & Chattopadhyay, A. B. (2005).
Estimation of tool wear during CNC milling using
neural network-based sensor fusion. Mechanical
Systems and Signal Processing, vol. 21, no. 1, pp. 466479.
Hall P. & Robinson A. P. (2009). Reducing the variability
of crossvalidation for smoothing parameter choice.
Biometrika, vol. 96, No. 1, pp. 175–186.
Jegadeeshwaran, R. & Sugumaran, V. (2015). Health
Monitoring of a Hydraulic Brake System Using Nested
Dichotomy Classifier–A Machine Learning approach,
International Journal of Prognostics and Health
Management, vol. 10, no.1(14), pp. 1-10.
Jegadeeshwaran, R., & Sugumaran, V., (2013). Comparative
study of decision tree classifier and best first tree
classifier for fault diagnosis of automobile hydraulic
brake system using statistical features, Measurement,
vol. 46, no.9, pp. 3247-3260.
Jaydeep M. Karandikar, Ali Abbas& Tony L. Schmitz.
(2013). Remaining useful tool life predictions in turning
using Bayesian inference, International Journal of
Prognostics and Health Management, vol. 4, no. 2, pp.
1-11.
Joseph, C. Chen, & Wei-liang, Chen. (1999). A tool
breakage detection system using an accelerometer
sensor, Journal of Intelligent Manufacturing, vol. 10,
no.2, pp. 187-197.
Kulkarni S. R., Lugosi G., & Venkatesh S. S. (1998).
Learning pattern classiﬁcation — a survey. IEEE
Transactions on Information Theory, vol. 44, No. 6, pp.
2178–2206.
Kurada, S., & Bradley, C., (1997). A review of machine
vision sensors for tool condition monitoring. Computers
in Industry, vol. 34, no. 1, pp. 55–72.
Li H.Z., Zeng .H., & Chen X.Q., (2006). An experimental
study of tool wear and cutting force variation in the end
milling of Inconel 718 with coated carbide inserts,
Journal of Materials Processing Technology, vol. 180,
no. 1-2, pp. 296-304,
Lu Xiaoguang, & Anil, K. Jain., (2006). Automatic feature
extraction for multiview 3D face recognition.
International Conference on Automatic Face and
Gesture Recognition, April 2006, Southampton, UK.
Painuli Sanidhya., Elangovan, M., & Sugumaran, V. (2014).
Tool condition monitoring using K-star algorithm,
Expert Systems with Applications, vol. 41, no. 6, pp.
2638-2643.
Qi Y., Minka T. P., Picard R. W., & Ghahramani Z.
Predictive automatic relevance determination by
expectation propagation. In Proceedings of the Twenty

First International Conference on Machine Learning
(ICML-04), July 2004, Banff, Alberta, Canada.
Saimurugan, M., Ramachandran, K. I., Sugumaran, V., &
Sakthivel N. R., (2011). Multi-component fault
diagnosis of a rotational mechanical system based on
decision tree and support vector machine, Expert
Systems with Applications, vol. 38, no. 4, pp. 38193826.
Silva, R. G ., Reuben, R. L., & Wilcox, S. J. (1998). Tool
wear monitoring of turning operation by neural network
and expert system classification of a feature set
generated from multiple sensors. Mechanical System
and Signal Process, vol. 12, no.2, pp. 319–332.
Song F., Guo Z., & Mei D., (2010). Feature selection using
principal component analysis. International Conference
on System Science, Engineering Design and
Manufacturing Informatization, Yichang, China. pp.
27-30.
Subasi, Abdulhamit. (2007). EEG signal classification using
wavelet feature extraction and a mixture of the expert
model. Expert Systems with Applications, vol. 32, no. 4,
pp. 1084 - 1093.
Sugumaran, V., Muralidharan, V. & Ramachandran, K. I.
(2007). Feature Selection using Decision Tree and
classification through Proximal Support Vector
Machine for fault diagnostics of roller bearing,
Mechanical Systems and Signal Processing, vol. 21, no.
2, pp. 930-942.
Witten, Ian, H., & Eibe Frank. (2005). Data Mining:
Practical machine learning tools and techniques.
Morgan Kaufmann Publishers.
Xiaorui Tong, Hossein D. Ardakani, David Siegel, Ellen
Gamel & Jay Lee. (2017). A Novel Methodology for
Fault Identification of Multi-stage Manufacturing
Process Using Product Quality Measurement,
International Journal of Prognostics and Health
Management, vol. 8, no. 1, pp. 1-10.
Yen, Gary, G., & Lin, K. C. (2000). Wavelet packet feature
extraction for vibration monitoring. IEEE transactions
on industrial electronics, vol. 47, no.3, pp. 650-667.

BIOGRAPHIES
Bohara Navneet M has completed his
graduation in mechanical engineering
from Sivaji University, Kolhapur in the
year 2014. He has completed Masters
in Mechatronics in VIT University,
Chennai in May 2017. He has two
national level conference publications.
He is doing research in Tool condition
monitoring.

9

INTERNATIONAL JOURNAL OF PROGNOSTICS AND HEALTH MANAGEMENT

Jegadeeshwaran R completed his
Under Graduate course in Mechanical
Engineering in the year 2002. He
pursued his Master's degree in
Mechatronics Engineering in 2009. He
pursued his doctoral degree in the area
of brake fault diagnosis in VIT
University, Chennai, Tamil Nadu. At
present, he is working as an associate
professor at VIT University, Chennai, Tamil Nadu, India.
He has published more than twenty papers in peer-reviewed
international Journals. He has six international / National
conference publications. He is doing research in the field of
fault diagnosis and condition monitoring.

Sakthivel G is an Associate Professor,
School of Mechanical and Building
Sciences,
Vellore
Institute
of
Technology (VIT University), Chennai,
India.
He
completed
his
B.E
(Mechanical)
and
M.Tech
(Mechatronics) in the year 2001 and
2003. He received his Ph.D. in the area
of optimization in engine modeling and design and
alternative fuels in the year 2013. He has published more
than 20 papers in international journals and more than
fifteen papers in international and national Conferences. He
is a life member of ISTE. His research interest is
optimization in IC engines, MCDM applications in various
fields and automotive electronics.

10

