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Developing a Big Data Analytics Platform
Architecture for Smart Factory
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ABSTRACT

While global manufacturing is becoming more competitive due to variety of customer demand, increase
in production cost and uncertainty in resource availability, the future ability of manufacturing industries
depends upon the implementation of Smart Factory. With the convergence of new information and
communication technology, Smart Factory enables manufacturers to respond quickly to customer demand
and minimize resource usage while maximizing productivity performance. This paper presents the
development of a big data analytics platform architecture for Smart Factory. As this platform represents
a conceptual software structure needed to implement data-driven decision-making mechanism in shop
floors, it enables the creation and use of diagnosis, prediction and optimization models through the use
of data analytics and big data. The completion of implementing the platform will help manufacturers:
1) acquire an advanced technology towards manufacturing intelligence, 2) implement a cost-effective
analytics environment through the use of standardized data interfaces and open—source solutions, 3) obtain
a technical reference for time-efficiently implementing an analytics modeling environment, and 4)
eventually improve productivity performance in manufacturing systems. This paper also presents a
technical architecture for big data infrastructure, which we are implementing, and a case study to
demonstrate energy-predictive analytics in a machine tool system.

Key words: Smart Factory, Big Data, Data Analytics, Machine Learning, Manufacturing Execution
System, Energy Prediction
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AU BATF(y) Bo7t Jhediths 9n
ol7| = 3stt}. whebA, Al 9F =7 (constraints) A 2] 9}
A ThFst HA s 7S AR H A 9 oAb
Ao} ZAGT e AET 7 Utk dE =
ANUAE HAEE AHE3te Ao r|EE AHESH
H ZHzE JAAT Ao w FojnH,
o|E FHA3 B A S 53t HZ A ojuEelE
2 FH4 oA 3} EHEE gho] =0l 7St
=5

3.4 M= olZe2[70ld

MES, PLM3} & 7|z
Aold dEH ) 2=E F3

Aol e o 52
ZYEH AFYANM

& AR ALEAE o T AZ ol el ML
54 TAED A, AzdolE D ojdelg s
Re g Agate] BAo Biats At 43 9
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A3l 58 AL B, AR EAFES
Aggsta g odelg 2 2dE A3t ol
NAE & Aot odegx md g Juto g =&
H YAEAB L A(FHAEY F AojgrH F)e
ANZIo 2 e AANHoR FAo ArFgHoR
mowEo] HEHT o & B9, AXUE 2
& A=A gro] = Ao uEE F27A
ANx"HoZ HE 9 HE3lo] HAAZES FH3HA
At}

2 FoA e AA7E Al2"s e E 73
LAY A E e 4148 FEFA Ydo)
B QZete VETFZREE, 4232 AUE ddd
g2 297 o] A3 7HsA (feasibility) X A4
A( racticability) & g AArrgelA Y oy
A &, 438 E 1S A& B =F
e 33%:1_01] AFe HHg dAE mASIIZ g
}.

41 didolg Ql=a} F3d

Fig. 5= Hdolg ¢lzgle] r&Tx%
Wt} 3280 AFIU=E, LAd oY A

ol)ll il

e}

(Raw

Data Layer)dlAl= Al 719 A= 289 &3
of A YA AzHolEE AdTt FEEHolH

A% (Standard Data Layer)oll A& A ®lolE 7}

4558 FRE Slole] HE dolE TUo W
it Az ool I Holel 2ote]
e, o5 AA oUAY BEINSAES B

3o %%ﬂ% EZ dlo]g] 92l JSON(Java Script
Object Notation) [14] B4 o & W33} & &
of, Aty TR FAHAY HeolHE Fd3e
7] 29 15014649 Feje] HolE & JSON 84
o7 fggtowm, HuolE Azt Yol i}
St AHETMEstE R S FHE, ofdeE s
o] YL dolErto|daFolA ARG dF =
g a2 #F0 PMML(Predictive Model
Markup Language) [15]& AF8-3tt}. Table 12 H]
oy lxgte] 23E = 24 75H Ve TEEs 9

3 AHEFU LEAZE AT

i

4.2 EAMIIEQ| oHX| o=

3380l AAE ode gz R o] o7
shod, 3 9tE 9| 7hEe 93l %‘% shte] NC 2
239 Ao met 20EE dYoyA 5L ¢

st A9 AU Fig. 6& AE 9As) 25%
o "MATLFERALLS g8 X, Y 5AA 7
< AN, 3 "ol MEFEW 2% S ol 53 o

* Metadata/Record ~ JSON/Document
Storage Storage
‘ Metadata/indexing Management ‘ Big Data
Infrastructure
Batch On-time Real-time Document/Image
Processing Decision Making Decision Making Handling
‘ Data Storing/Retrieving Services ‘
Shop floor & Monitering Data Planning & Conirol Data Analytics Model Standard
Resource || Monitoring DAQs Macro Plan || Micro Plan NC s , p Data
(IS015531) | (MTConnect) | (SCADA) (I5010303) | | (I13014649) || Programs b AHON Rasalthap Layer
Agent-based Shop Floor Manufacturing Applications Analytics Modelling Application Raw
Manufacturing Production - CAD, CAPP, e ) Data
Data Data ERP, MES, QC CAM, PLM Statistics Tool Expert System Laver

Fig. 5. A technical architecture of big data infrastructure,
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Table 1. Functions and solutions for big data infrastructure

E3Z 0PI He 1525

Function

Description

Solution

service

Data storing/retrieving

Provide input/output interfaces to the participants

REST/AXIS Web-Server

Batch processing

Process large datasets with a parallel and distributed
algorithm

MapReduce

On-time decision
making

Support on-time control by manufacturing application
and analytics modeling application

TBD (To be determined)

Real-time decision

making Support real-time control by big data infrastructure | TBD
Document/Image Handle unstructured data formats including image and
. . TBD

handling PDF files

Metadata/Indexing Generate ar_1d manage mgtadata to 1dent1fy. Hadoop Distributed File
manufacturing configuration for data querying and

management - System
retrieving

Metadata/Record Store metadata associated with retrieving raw data HBase

storage from JSON/Document storage

_l?o(r)i\lg/é)ocument Store JSON-formatted raw manufacturing data MongoDB

Fig. 6. A test part,

F5td, 47 o9& Aol gt E-ol & = (fee-
drate), 2% E 3] "< = (spindle speed), A2+7l 0]
(cutting depth)-¢} A E AHNA] g o] &3}
o oz dF 2ds AP I F 95 2
of &% 4= AYoiA g AA S Hdgo
A ghate] HnE AAIGT. gutd o g Aojwt
g ElE 243437 wE FAd 2ds
of Fozl HLAWAA 71E S st AHE
27y B3 A gk 2 Ao A A ofstete
H AAe é“‘ﬁ]Q‘ﬂ(DeSign of Experiments)oll

ASA @m, ARt AP 27 WA
Table 2, Setup of experiments
Property Specification

Machine

Mori Seiki NVD 1500 DCG

CNC (Computerized Numerical Controller)

Fanuc 0i series

Workpiece

Material: Cold finish mild steel 1018
Volume: 10.16cmx10.16cmx*1.27cm

Coolant

Emulsion type

Cutting tool

Solid carbide

Tool geometry

Type: Flat end mill
Diameter: 8mm
Number of flutes: 4

Power meter

System Insights High Speed
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Table 3. Setup of process parameters

Test Feedrate Spindle speed | Cutting depth
(mm/tooth) (RPM) (mm)
1 0.0127 1500 15
2 0.0127 2000 15
3 0.0127 1750 1
4 0.0229 1750 1
5 0.0127 1750 2
6 0.0178 1500 1
7 0.0178 2000 1
8 0.0178 2000 2
9 0.0178 1750 15
10 0.0076 1750 15
11 0.0152 1750 15
12 0.0127 1750 15

AAE "ol H(ISO
14649 Z233)9} NC Z2% Ho]E(NC ==
I, aga FAVARTEH 53 AA AR

UEd dolE(MTConnect &A4)E& X3t
Fig. 62 =38 Al 7}A dHolEAY dRE &3
g Aot} Fig. 6(a)= 15014649 =213 Fig. 6(b)
+ NC Z2 13 Fig 6(c)&= MTConnect &4 24,
Zt7] &g &2 st Z27] & JEE o
(Variety ©l47). =3k MTConnect &4 7%, 3
T 0.365% TR FHEHNeH, B 4F 011/‘1“ of
1.06GB &< Al 7FA dHolgAle] FH=Ah
(Volume ©]<7). ©]#3F HolEH = JSON 2oz
W3 E o] Fig. 52] JSON/Document storageol] 7%
At} Fig. 72 15014649 =213 9] 4 HEE JSON
el P o= wde As JepdT 33"

TSR, B AFE fsA FHEA HolHE of
g ot o] Aot on, 47 AFH HolHE o
&3t 38 &4 ol F=, oy A 2 A

A

FYT7Y £ = (FF7]A4 (Machine), 7} &<
(Workpiece), &4}F%(Coolant), &F43F&7(Cutting
tool), &3 F+F(Operation: contouring, slotting,
pocketing or drilling), NCZE(Command: GOI or

G02/'G03), HE+2*E (Trajectory: approach, re-

#I=PROJECT(EXECUTE EXAMPLE1'#2.(#4).5.5.3 £10):

#4=WORKPIECE('QUBICAL WORKPIECE'#5,0.001.9.$.#80.()):

=MATERIAL (‘CR-1018"'STEEL',(#6));
-MACHINE_TOOL_SPECIFICATION(.. MILLING:\/IA('HII\'E FLL )
. ‘NVDI500DCG". $. **, S):

#36=MACHINING_WORKINGSTEP('OPEN SLOT1'#60.#3400.#500.5):

#500=BOTTOM_AND_SIDE_ROUGH MILLING($.3.'OPEN_SLOTI",
10.0.5.#510.#530.4540,5,#550,#560.,#570.,2.0,8.0,0.0,0.0);

#3400=SLOT('SLOT1'#4.(#500).#3401.#3410.().5.#3415,5,#3418,%#3420);

(a) 1SO14649 program

IN95 GOO

IN96 X-.103 Y48.8

N97 Z2.

N98 GO1 F25

N99 Z-1.5

IN100 G41 X-6.071 D01 F74
IN101 GO1Y31.8

IN102 X-6.073 Y31.7

IN103 GO3 X1.848 Y31.7 I3.96 J-.099
IN104 GO1

IN105 X1.846 Y31.8

IN106 Y48.8

(b) NC program

X POSITION™ ... timestamp="2014-12-11T22:57:58. >-6.071</Position>
+X_POSITION™ ... timestamp="2014-12-11T22:57:59.143Z">-6.07 1</Position>

<ComponentStrezm name="Y_AXIS" component="Tinear” componentld="y_axis">
“Y_POSITION™ ... timestamp="2014-12-11T22 5Z7>47.808</Position>
Y _POSITION” ... timestamp="2014-12-11T22:57:59.143Z">47.125</Position>

<Position datalteml

m name="Z_AXIS" component="=Linear” componen
POSITION™ ... timestamp="2014-12-11 >-1.500</Position>
. POSITION™ ... timestamp="2014-12-11T22:57:59.143Z">-1.500</Position>

<C Stream name="Systems” “Electric” con
<Wattage dataltemld="WATTAGE" ... timestamp="2014-12-11T:
<Wattage dataltemld="WATTAGE” ... timestamp="2014-12-11T.

d="Systems">
8.83527>2811.500</Wattage>
7:59.1432°>2884.900</Wattage™,

(c) MTConnect document

Fig. 7. Examples of 1SO14649, NC and MTConnect data—
sets,

tract, linear feed or circular feed)}
Yol & = (o] FEE (leedrate), 2HE 3] 7=
E(spindle speed), Z4}Zo](cutting depth)}
H &4 = {electrical energy/}

B APAINE FHAY L NC T2 Yol
B BHo2RE 517l 27] B FHTA ZHel
ZAGE sttt 0% ==, 519 o
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Fig. 8. An example of a JSON object class for 1ISO14649
program,

AXUE mdS AAASHTH HEVE 29 YA
o dole wold £l KNIMESIA AlFahs
Multilayer Perceptron Neural Network 3+ [16]S
o] &3t} Table 4= 122 H2EWR 24 =4
H AgoyA ¢} o SH dHAUA 7 YEH,

A ek ofje} AA ol of @ A7} 5
Aol 228t o]AY, e 4o AP S
wsle] =Y FE7A AREE 27 e 2

=
= 7 o) vlg 9 RMSES Zgach ma 2 © &5 71 FcleARtE A2 Aol
3, 7V 2 o] M- AT 1.08% = e o, g Eof gt oA FAAHE dESHE 7Y =
oo | ogols] W5 AHAS melmw qg T AES] B Fol #4422 NC
2% Ao the oA o] ojH Y. 1t
43 DA Holl, At a2 AFAGH glo] NC Z219
of Aol e oA A%¢ JPsshAl T 4 A
2 AgelA, B 5o a2l e
e olfrE AR WA s BATAL L g o =
EfY FEA AR HEUE 25 A4
7] W&oty Z=/3 5 approach(P ) L re- B =RdAE, A2nEZHE AdS 93 A=A
tract(FE )= 237 7tELA3 FEo] EA 2 & drolg ofdelg 2 ZUWE oA E Al
3FA] ke dloiA B (air cutting) S =], ©] ettt FHF ol71E A= Axduo 534 Hl
W Aateo] HEEA ol waaA FALA 4 olE Y s nuel 44 0 A8 s
T AaHE AYANHA (1A turn-on, FT°]F, st7] 98t Hlole #-A-A g, hdegs =
Table 4, Experiment results
Test Measured Energy (k]) Predicted Energy (kJ) Difference(%) RMSE(])

1 13,952.5 13,901.1 -0.37 28.67

2 11,382.1 11,414.2 0.28 29.72

3 19,535.2 19,457.8 -0.40 23.62

4 9,830.3 9,823.5 -0.07 28.39

5 9,943.1 10,007.9 0.65 34.50

6 13,365.9 13,417.1 0.38 25.30

7 11,044.0 11,076.5 0.30 26.26

8 6,012.6 5,947.6 -1.08 41.10

9 9,750.7 9,720.8 -0.31 32.58

10 19,281.6 19,298.4 0.09 21.82

11 10,791.6 10,873.6 0.76 30.12

12 12,580.1 12,529.8 -0.40 29.98
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