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Studies on Quality Evaluation Method of

Systems via Discriminant and Independent

Component Analysis *

Arata Suzuki

Abstract

Recent progress in computer technology has made it possible to process a vast
amount of data and analysis those complex data in more feasible time than ever.

In view of this, statistical methods are now widely used for quality evaluation
in industry. Among others, MT system (quality engineering) and independent
component analysis are particularly attracting a lot of attention in industry. Both
of them are closely related to principle component analysis which is well known
in multivariate analysis. These methods are expected to be effective in various
systems dealing with multiple parameters.

This thesis proposes new system evaluation methods based upon MT system
and independent component analysis . In particular, by focusing on the system
behavior under disturbance, the thesis develops three kinds of quality evaluation
methods and then verify their effectiveness by means of experiments.

Firstly, in evaluating systems with slow response such as heat transfer systems,
separation of disturbance needs a lot of time. From a practical viewpoint, it is
desirable to evaluate such systems directly form noisy data, rather than separating
the disturbance. This is achieved via MT system similar to discriminant analysis.

The method generates one-sided unit space from various data groups containing

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0361014, March 16, 2006.
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noisy data. Then evaluation is performed with respect to distances from the those
unit space. The effectiveness of this method is verified by experiment with a heat
insulator.

Secondly, the thesis gives a method for real-time detection of system parameter
change by eliminating the effect of disturbance on the sensor signal. This is done
by improving a signal separation method well-known in independent component
analysis. This is useful in fault detection in machines, which has been verified
with an experiment performed with a flexible structure.

Thirdly, in embedded temperature control systems such as cooking household
appliances, it is regarded as a disturbance how the users use the system or in what
circumstances they use. In particular, the outside temperature due to seasons and
locations affects control performance, and hence it is important to take them into
consideration in order to avoid a complaint. The thesis designs control parameter
robust to the variation of the outside temperature. This is done by applying
Taguchi method and by allotting the outside temperature as a noise factor. The
effectiveness of this method is verified with an embedded temperature control

system.

Keywords:

Discriminant Analysis, Independent Component Analysis, Taguchi’s Robust En-

gineering, Embedded System
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F:e - - -
G:D 8.0 24.0 72.0
H: e = - -
Noise Level

Factors 1 2

N: O.T. 5[0] 30 [O]
Signal Level

Factors 1 2 3
T: E.T. | 400 [s] | 800 [s] | 1200 [s]

07 SNOOOOOO [db]

Control Factors
A:e B:e | C:P | D:e | E: 1 F:e | G:D | H:e
1] —-046 | —-0.10 | —1.27 | —0.10 | 1.88 | 0.14 | 0.20 | 0.08
2| 046 | —0.63| 0.28 | —0.17| 1.28 | —1.08 | 0.24 | —0.14
3 — 0.74 | 0.99 | 0.26 | —=3.16 | 094 | —0.45| 0.05
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