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ABSTRACT

This chapter examines the capability of Gaussian Process Regression (GPR) and Relevance Vector
Machine (RVM) for prediction of surface and hole quality in drilling of AISI D2 cold work tool steel.
This chapter uses GPR and RVM as regression techniques. The database contains information about
cutting tool, feed rate, cutting speed, surface roughness, and roundness error. Cutting tool, feed rate,
and cutting speed are considered inputs of GPR and RVM. The outputs of GPR and RVM are surface
roughness and roundness error. In RVM, radial basis function is adopted as kernel function. GPR uses
radial basis function as covariance function. The obtained variance can be used to determine uncertainty.
A sensitivity analysis is also carried out. This chapter gives robust models based on RVM and GPR for
prediction of surface and hole quality in drilling of AISI D2 cold work tool steel.

INTRODUCTION

The introduction of single/multilayer hard metal/ceramic-coated cutting tools increases productivity
(Coldwell et al., 2004). So, the prediction of surface and hole quality in drilling of AISI D2 cold work
tool steel with uncoated titanium nitride (TiN) and titanium aluminum nitride (TiAIN) monolayer- and
TiAIN/TiN multilayer-coated-cemented carbide drills is an important task in manufacturing. There are
different methods are available for prediction of surface and hole quality in drilling of AISI D2 cold work
tool steel with Ti, TiIAIN monolayer and TiAIN/TiN multilayer-coated-cemented carbide drills(Grzesik,
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2000; Harris et al., 2001; Lee et al., 2003; Sharif and Rahim, 2007; Kurt et al., 2008; Braic et al., 2010;
Xue and Chen, 2012). Akincioglu et al(2013) successfully used Artificial Neural Network(ANN) for
prediction of surface and hole quality in drilling of AISI D2 cold work tool steel. ANN has been suc-
cessfully used to solve different problems in engineering (Penumadu, and Jean-Lou, 1997; Ural and
Saka, 1998; Juang and Chen, 1999; Habibagahi and Bamdad, 2003; Shahin and Jaksa, 2004; Shang et
al., 2004; Lu, 2005; Das and Basudhar, 2006; Kim and Kim, 2007; Ferentinou and Sakellariou, 2007;
Bhattacharya et al., 2007; Ganesan et al., 2011; Hajabdollahi et al., 2012). However, ANN has some
limitations. The limitations are listed below:

e  Unlike other statistical models, ANN does not provide information about the relative importance
of the various parameters (Park and Rilett, 1999).

e  The knowledge acquired during the training of the model is stored in an implicit manner and it
is very difficult to come up with reasonable interpretation of the overall structure of the network
(Kecman, 2001).

e  Inaddition, ANN has some inherent drawbacks such as slow convergence speed, less generalizing
performance, arriving at local minimum and over-fitting problems.

This book chapter examines the capability of Relevance Vector Machine (RVM) and Gaussian Process
Regression (GPR) for prediction of surface and hole quality in drilling of AISI D2 cold work tool steel
with uncoated TiN and TiAIN monolayer and TiAIN/TiN multilayer-coated-cemented carbide drills.
RVM is developed by Tipping (2000). It is a probabilistic model. Researchers have used RVM for solv-
ing different problems in engineering (Shen S and Liu Y, 2008; Zhang et al., 2009; Liying and Zhao,
2010; Noor et al., 2011;Wang et al.,2012; Wang,2012; Kumar et al., 2013; Zhou et al.,2013; Hwang et
al., 2014). GPR is a probabilistic non-parametric modelling approach. It determines the parameter from
the given datasets. The output of GPR is a normal distribution. It has been successfully used to solve
different problems in engineering (Pasolli et al. 2010; Kim et al. 2011; Heo and Zavala 2012; Zaytsev
et al.,2012;Suk et al.,2012; Kongkaew and Pichitlamken, 2012; Kemmler et al.,2013; Sun et al.,2014).
This study adopts the database collected from the work of Akincioglu et al. (2013). A comparative study
has been carried out between the developed RVM and GPR models.

METHODOLOGY

This article describes RVM and GPR for prediction of of surface and hole quality in drilling of AISI
D2 cold work tool steel with uncoated TiN and TiAIN monolayer and TiAIN/TiN multilayer-coated-
cemented carbide drills. The details of RVM and GPR are given below.

DETAILS OF RVM

RVM, developed by Tipping (2000) is a Bayesian form representing a generalized linear model of identi-
cal functional form of support vector machine (SVM). It differs with SVM in the case of solution which
provides probabilistic interpretation of its outputs (Tipping, 2000). This section describes a brief back-
ground of RVM technique. The complete description of RVM are available in Tipping (2000).Relevance

737



25 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/gpr-and-rvm-based-predictions-of-surface-and-

hole-quality-in-drilling-of-aisi-d2-cold-work-tool-steel/123098

Related Content

Assisting Learners to Dynamically Adjust Learning Processes by Software Agents

Weidong Panand Igor Hawryszk ewycz (2008). Intelligent Information Technologies and Applications (pp.
43-59).

www.irma-international.org/chapter/assisting-learners-dynamically-adjust-learning/24259

Comparison of Tied-Mixture and State-Clustered HMMs with Respect to Recognition
Performance and Training Method

Hiroyuki Segi, Kazuo Onoe, Shoei Sato, Akio Kobayashiand Akio Ando (2017). Artificial Intelligence:
Concepts, Methodologies, Tools, and Applications (pp. 2021-2037).
www.irma-international.org/chapter/comparison-of-tied-mixture-and-state-clustered-hmms-with-respect-to-recognition-

performance-and-training-method/173412

Modeling Malaria with Multi-Agent Systems
Fatima Rateb, Bernard Pavard, Narjes Bellamine-BenSaoud, J.J. Mereloand M.G. Arenas (2005).
International Journal of Intelligent Information Technologies (pp. 17-27).

www.irma-international.org/article/modeling-malaria-multi-agent-systems/2381

Distance-Based Knowledge Measure of Hesitant Fuzzy Linguistic Term Set With Its Application
in Multi-Criteria Decision Making

Dinesh K. Sharma, Surender Singhand Abdul Haseeb Ganie (2022). International Journal of Fuzzy System
Applications (pp. 1-20).
www.irma-international.org/article/distance-based-knowledge-measure-of-hesitant-fuzzy-linguistic-term-set-with-its-

application-in-multi-criteria-decision-making/292460

Research Commentaries on Cangelosi’s “Solutions and Open Challenges for the Symbol
Grounding Problem”

Stevan Harnad, Luc Steels, Tony Belpaeme, Carol J. Madden, Stéphane Lallée, Peter Ford Dominey,
Stephen J. Cowley, Juyang Weng, Alberto Greco, Barbara Giolito, Domenico Parisi, Vincent C. Mdller,
Angelo Loula, Jodo Queiroz, Ricardo Gudwinand Angelo Cangelosi (2011). International Journal of Signs
and Semiotic Systems (pp. 55-79).
www.irma-international.org/article/research-commentaries-cangelosi-solutions-open/52604



http://www.igi-global.com/chapter/gpr-and-rvm-based-predictions-of-surface-and-hole-quality-in-drilling-of-aisi-d2-cold-work-tool-steel/123098
http://www.igi-global.com/chapter/gpr-and-rvm-based-predictions-of-surface-and-hole-quality-in-drilling-of-aisi-d2-cold-work-tool-steel/123098
http://www.irma-international.org/chapter/assisting-learners-dynamically-adjust-learning/24259
http://www.irma-international.org/chapter/comparison-of-tied-mixture-and-state-clustered-hmms-with-respect-to-recognition-performance-and-training-method/173412
http://www.irma-international.org/chapter/comparison-of-tied-mixture-and-state-clustered-hmms-with-respect-to-recognition-performance-and-training-method/173412
http://www.irma-international.org/article/modeling-malaria-multi-agent-systems/2381
http://www.irma-international.org/article/distance-based-knowledge-measure-of-hesitant-fuzzy-linguistic-term-set-with-its-application-in-multi-criteria-decision-making/292460
http://www.irma-international.org/article/distance-based-knowledge-measure-of-hesitant-fuzzy-linguistic-term-set-with-its-application-in-multi-criteria-decision-making/292460
http://www.irma-international.org/article/research-commentaries-cangelosi-solutions-open/52604

