Accepted Manuscript

L JUEL
!
UES
Automatic machine status prediction in the era of industry 4.0: Case
study of machines in a spring factory 20,
Oy
7, T0
Cheng-Ju Kuo , Kuo-Cheng Ting, Yi-Chung Chen, I o,
Don-Lin Yang , Hsi-Min Chen - P PN
PII: S1383-7621(17)30113-3
DOI: 10.1016/j.sysarc.2017.10.007 . R
Reference: SYSARC 1466
To appear in: Journal of Systems Architecture
Received date: 28 February 2017
Revised date: 28 September 2017
Accepted date: 6 October 2017

Please cite this article as: Cheng-Ju Kuo, Kuo-Cheng Ting, Yi-Chung Chen, Don-LinYang,
Hsi-Min Chen , Automatic machine status prediction in the era of industry 4.0: Case study of ma-
chines in a spring factory, Journal of Systems Architecture (2017), doi: 10.1016/j.sysarc.2017.10.007

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.sysarc.2017.10.007
https://doi.org/10.1016/j.sysarc.2017.10.007

Automatic machine status prediction in the era of industry 4.0: Case
study of machines in a spring factory

Cheng-Ju Kuo?, Kuo-Cheng Ting?, Yi-Chung Chen®, Don-Lin Yang?, and Hsi-Min
Chen?

& Department of Information Engineering and Computer Science, Feng Chia University, Taichung 407, Taiwan, R.O.C.
® Department of Industrial Engineering and Management, National Yunlin University of Science and Technology, Yunlin 640,
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Abstract—Recent technological developments have fueled a shift toward the computerization and automation of factories; i.e.,
Industry 4.0. Unfortunately, many small- and medium-sized factories cannot afford the sensor-embedded machines, cloud
system, or high-performance computers required for Industry 4.0. Furthermore, the simple production processes in smaller
factories do not require the level of precision found in large factories. In this study, we explored the idearof:using inexpensive
add-on triaxial sensors for the monitoring of machinery. We developed a dimensionality reduction method with low
computational overhead to extract key information from the collected data as well as a neuralmnetwork to enable automatic
analysis of the obtained data. Finally, we performed an experiment at an actual spring, factory to demonstrate the validity of the
proposed algorithm. The system outlined in this work is meant to bring Industry:4.0 implementations within grasp of small to

medium sized factories, by eliminating the need for sensors-embedded machines.and high-performance computers.
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1. Introduction

The success of Industry 4.0~[36]n.in/ Germany has prompted other countries to follow suit.
Unfortunately, many small/and medium enterprises (SMEs) in Taiwan are hindered by the costs and
complexity of computerizing and automating factories. This is largely due to the fact that most SMEs
still use conventional machines that lack the sensors required for data collection. In this study, we
developed an add-on,triaxial sensor system to assist in monitoring the operational status of machines on

the factory floor-Without incurring heavy costs.

Accelerometers are used for gesture recognition [26][43], posture recognition [2][24], and sleep
detection [8][9]. Most of the algorithms used with these devices involve three steps: (1) collecting and
processing data to facilitate feature extraction, (2) reducing feature dimensionality, and (3) detecting
the operating status of machinery by using various artificial intelligent models (Al models). Signals

collected by accelerometers are converted into a variety of digital features, which are then sorted
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