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The present work proposes a method to integrate Predictive Model Markup Language (PMML) and Portable Format
for Analytics (PFA) with Asset Administration Shell (AAS) for interoperable smart factories. This method enables
the exchange and sharing of data analytics models across heterogeneous manufacturing assets through their
deployment into AAS, which specifies a unified and standardized format to represent digital models, data and
technical functionalities of physical assets. This article includes : the conceptual model and process, information
structure and system architecture for creating and deploying PMML and PFA-based data analytics models into AAS.
This article also includes a prototype implementation. In the prototype, a server creates regression and neural
network-driven energy prediction models for a production machine, represents the models based on the PMML and
PFA schema, generates and responds to an AAS instance with its submodels embedding such PMML and PFA
models; meanwhile, a client requests and receives the AAS instance on a web environment.
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RAMI4.091 4 52849 5724 4T Z Ao d 20| 14.0
# E W E(component)2tal BHE A2 A4k} ofof tf-3-H =
713 A A 8 2eo]tAdolphs ef al., 2015). 14.0 A EHEE
7} A2 ALK ), B, B AlE, AZES o], FrH QU E
Ho| 2~ Y A ) S AEAESS L o] & 71| 734 - 73
A F28E 7hssHA gt Yot Al & 2bEol g
7, AL HolH 2 Va4 754 R ARE B
I ASE FEH 2 315 7HestAl Stk S, 14.0 AR
LHA], FASE 2 AR A AR g o] gkl
Z AL AR ES A Hed, o] 98 sk Zlo
2]4(Administration Shell : AS)o|H, A42F WA 7} EF =
AH4kE] < (Asset Administration Shell : AAS)©]t.

AFBEd 2 14.0 AEAES] 7PdA ol L T AL Ao &
Q3 R 2 A ojEm, Az Ao e Qe F o] 2~ 7
Brd AFo 2 FAETH Wagner et al., 2017). A&
2 A dulE 7] Al E 28 EY, 1
HAG HAEH, A B ol 2Y, 75 £, Wi E,
olE] 5 H|°|8 ¢} 7]%2 7] (technical functionality)
MERAES BAatA k. 222 #e IE#H o]
ato] s A4ke] A 2, FA 3 vjo] e wEkE 7}
A Sk Ao A WA 1422018, T WA A
2019 ol F7) = % TH(Federal ministry for economic affairs
and energy, 2019).

S, 20tE FA9) A B3 F st Al & A 53K manu-
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BRE 52YH A Y S g 55}, o] & Az A4k 253,
283t 9 Jdsto] &a3to =N, A, X8AA, Fra A
2 AN S A 7124 3= Zo|th(Davis et al., 2012).
HolE| 2 5E 9 &Y o AHL vlolE of'de]E X (data
analytics) S 53 A7 2 (descriptive), F1T2(diagnostic), =
Z(predictive) 2 %2 (prescriptive) 2] A4 Lol <
3te] 855 <= 9ltkBelhadi ef al., 2019). |3 R ESo] A
Z Ao A A G5 AL e 2 W I FEHOEN &
T 4% e A% Ass), Ae3 9 dYsE 7hstAl
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A3} glolE ofdeg s Bl Y Adojf EFQI PMML
2 PFAE 58she Aol B =R o Ae Axtae]d ) glo)
B e g T3S S d By, A, AR 72, A~
H 7)s 729 AA I AAF FEE AT AAHFS
e84 dA Y FA AN E o s At o] AH-Fe)
OJAEE FH3IATE MW Zoll = AP s & AFA4
7)9k o A] o2 2d A4 PMML 2 PFA 724 0.2 9] W3}
ArbdE]d o] A7 AMEEY FEo] o] Foizt), Fefo|dd
E 2|4 Aatagd 2B AE Q H(request)3HH, AH =
oA g Akt QI 2E HF8K(response)3HA] H Tt

B =2 AL 033 2}, Al 23l M E Atae]d 1t
PMML - PFAS] #HATE 2718t} A| 370l M= Axkakg]
A3 doly ofdelE s T E 2, A, AR 72
e TZ BAE A3t Al 4FlM s TEE A&,
A 5B ARE Ptk

2.1 AHAF#2] 4 (Asset Administration Shell)

AliH(asset)o] 2Fal & A ol A 7EA] 7} QAL A S 7
E2)4 B =214 A (object)E 2] P ZHHMinistry of Economy
and Finances in France, 2018). A4kl = 714, 358, Ao ©]
B, AA, 233 Al 2 AN 2SS4 A A Az E o,
A, AR M| 20} 2o | E- A A4to] Qit) OYER
Az A 2Hlel| EAlee BE A LAES AZX Aol gkl
Bog o ok 28y Al x A2 g R FF, &5,
TR A AMEAE O] EA 8H, AR 7hH| o] B w gk =

+ Joung-min Park * Jumyung Um

S o9 Theksiet. o] & ko] Ao AR 1Y ¥
A7} A &H 0 2 sttt o] Y& T A E
AES AAE A AR E 35 H R F-ATH FA,
AL 2 BA 2 ASE FrastAl
WIS AHA 07 S = AT L :
F73 Aol sttt ol g FA ol 7]91 st A4k
o] 7ILEH AT

<Figure 1> A4 de) AR Fxojtt. A4tde|de
3]t (header) 2} B} (body) 2 A BT FtiE &84 A4k
733 219 (identification asset)¥} 3l ARAFAE] o] A2
(identification administration shell)& E g3}, A 9 Hel &
o] WEtH o] HE B=THMinistry of Economy and Finances in
France, 2018). 28 AK(identifiers)] 4, 2 ZH31A 1fr3l%
= International Registration Data Identifier(IRDI), International
Resource Identifier(IRT), Uniform Resource Identifier(URI) 5=
RSt A 2Hulo| 28 AEALe] &85 JHEsith T,
H = A ERE S o2 FAH, BRI volH
(data)®} 7]*5(function)= EAT o] THMinistry of Economy
and Finances in France, 2018). &, AHt2]dl 2] vl = g Yo},
tolg & Akl tigk A= vlo]HE orlsiH, A EH,
AlEE oA B, 75 4, vy, A4 HolH 55 B
T At 7152 A4+ 712 7] A (technical functionality)S
oJulst, 714 7]153-& Application Programming Interface
(APDE =23t FHE 78 E H(Ministry of Economy and
Finances in France, 2018). 715-9] o2& AH4ke] 8 34 &
., 34 9% 4%, dH ZUHE, duA 8& 55 xF
s, Zpiko 2 HE o] J7} 7HX] BES 9% AHI2ES
7ve 4= It} B3 <Figure 1>ollA& Fd0] viAE o §
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Figure 1. General Structure of Asset Administration Shell(Ministry of Economy and Finances in France, 2018)
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2 AREEE F438 A oh)2} FAH Thof
G0z TRAE PA 5 Sl AN T o

2= International Electrotechnical Commission(IEC) 61360°] 1
. 0] -2 A3 A (product dictionary) & ¢S AR R 2
M AZES S22 BRI AZE SN ARES 114

)

3}k 71 o] THMinistry of economy and finances in france, 2018).
T3 7 A ERES TS Hlo]H 84 (element) B2 B T
Atk HolE 849 o2& Z2HE(EAR), Z2HE W9,

1}, Binary Large Objects(BLOB), 2.3 & o], oWl E, A EJE]
5°] S1th(Federal Ministry for Economic Affairs and Energy,
2019). 18] 3 AR HEE]E & XML, JSON, Resource Description
Framework(RDF) %+ Open Platform Communications Unified
Architecture(OPC UA) 2101 22 & 0] 7153} CHFederal Ministry
for Economic Affairs and Energy, 2019). ©] 2§+ &2 o|HHA|
TS T2E Foto] Agtol| it RE R 21 9 7}
7Fsaf it

ARk o] FFE EF(type)d 1228l 2(instance) 7} U
Ch(Federal Ministry for Economic Affairs and Energy, 2019). A+
He o Y-S A AT T, TE] AYE T A Q1 2E 2
£ A8k Zlolh A4 AA| A 3 g2 Tl ol A o] Sl 29
JNZE 2N 3 frAstoh ARk © 2 A 2 AF4ke) 7 ThA|
oA A4tAE] A BFYS B od F, A& B AR B0l A
T ERY S st} A daeld IR A E A s Aot

ALt #E AT e HE 7] Al oH, a7
A id BY 28 4 W fFE 31 Folth Grangel-
Gonzélez et al.(2016)< RDF % Web Ontology Language S ©]-&
& AE 7R Ak 2 E 7kt Tanktik
and Anderl(2017) A}4+2]4-& Object Memory Model 2
A Y RAFO =N, AEU F A Fe 88 B
o 31T}, Marcon ef al.(2018)2 AP A8 F-H Al {IE] H ©]
2:9] zpskdg] ol gk A A F-S /W3St Cavalieri et al.
(2019)#} Fuchs et al.(2019)2 AH4+AE] 4 2] OPCUA TF B 1.
25 stk F g, OPC UAE 0715 Al 28 & 7]7]
ZFASHE HlolE wdhE 7hs et she e84 QIE T
o] 2~ Z A(Cavalieri et al., 2019), RAMI4.00l A = Apa+22] 4 3}

7 OPC UAE 58485 ¢ 7|€2 FHsta Itk
Trunzer et al.(2019)-& Industrie 4.0 $13+ ¥ &2] A] 2] o}7]
X E AQFstAT o] o8l A & vlolE] #e] B B W AE
TALOE 7] T E|ofE] T, AlHI 22 QA Z~EH o] B A A
7t H3-S =128k T} Luder ef al.(2020)2 AutomationML
2 FYE = dAYo & HlolE] o] At HAE %A
Bz g S kst o
TS 7= R AE 7| A AFE FF Folu, oFF
< 7| 7g o]t} Ye and Hong(2019)-°4 A 72
1 7168 QTN T BFARE G S T U ABET |
705} T, Park et al.(2019) 2 Park et al.(2020)-> 4
A9 oA &&= 9Jste] AAE]d o] E4-5 vy
%Eﬂ ol ZE Aol L /MR d Bd-& et
A AS 3838 AR A= 343} o] 2 o)
Rl /\Mﬂl Q H &I NER ZUH AOZ of g3t
l ke %Z% g 7L ALdETE( i&E-‘ﬂM
W 71 E, &A1 7])0] 3715 7] 1}-}%71 wZolt}. 71Eel=
At 7Y BE AYS NEA 02 Fasfof Aok,

o[.

oAl = AL E=TE ol8sto] Av] e 7 Bl Ve R
o FFo] 7hedl A 2ol

2.2 PMML¥} PFA

PMML< lofE] A - £ 2 Hlo|H ofdejgx mdS
F33}7] Y XML7|HF N 5 A ojo]th(Guazzelli et al.,
2009). E A, 1870<] Hlo]Ef o de] g R3] AR, QFal
A, k-HZA ol% F)°l AstEH UThHA 44 71%)
(Data mining group, 2019). <Figure 2>= PMML E@ 9] A X
z0]t}. & t(header)= PMML A2 wE}d] o] €], Ho]E A}
Z(data dictionary)- tlo| B B E9] 4 w3 9 gFY] A<, o]
o] ¥ ¥ $k(data transformation)- B| | E] 214 2], 22 (model)-
AAA mde 3T T3 BY 5HE9| mlolyd ~7|n}
(mining schema) Elo|E] BE9] A A E, B} (target)S &
g dlolE] B& A H 2], = A FAFEH(model specifics)

QLR RIS
dlMe 2t mHlle) F7, 72 3 Mess Mg

+ Description and model version
+ Application name and version

- Data fields (field name, category and data type)

« Valid, invalid and missing values

+ Normalization, discretization, value mapping
+ Text indexing, data aggregation

+ Mining field (field name, category,

« Outlier and missing value treatment

usage type)

- Target value (field name, category)
» Scaling of target values

« Copyright
Header
« Timestamp
Data
Dictionary : Taxonomy
T Data
g Transformation
g + Functions
3
o Mining
Schema
Model Targets
Model
Specifics

+ Model name, type and function name
» Model architecture and attributes

Figure 2. Structure of PMML(re-edited from(Guazzelli et al., 2009))



246 AT - oF% - 94 - 454
{"input":
{"type": "record"”,
"name"”: "Input”,
"fields": [
{"name": "datum”, "type": {"items": "double”, "type": "array"}},
{"name": "model”, "type": {"fields": [{"type": {"items": "double”, "type": "array"}, "name": "coeff"},
{"type": "double”, "name": "const"}], "type": "record”, "name": "Record"}} ]},
"output":
"double",
"action":
{"model.reg.linear": [
"input.datum”,
"input.model” ]} },
Figure 3. Example of PFA Document(Data Mining Group, 2015)
g, PFAE HllofE] o defEls Rd S 22 0 7hsst  HEAY AuA| o5 Alvhe] Lol Stk BH, PFAS
T Aol 4 7FE3 JSON 7] Aojo|tH(Pivarski et al., A|F FoFNA ] EEI7Me4HE AF3 50 ]Eﬂ(Lechevaher

2016). PMML-2 A& e 2] 8o Z3hs|ch By, 872 o]

A Fla dloly A EHFAA F4< 250 B8
HHE, PFAE dxpy 22 agwste] £57], &7, B8

7], 8H 5< Y= F 3L, Python?} Scala 5 TH2 S 7]
Zgo] 7Fsdtth. <Figure 3>& AP 37| ol thek PFA &
A G At} ¢ E(input)S Y3 dlol 8 WA F EFYS A olsa,
=9 (output)> =9 o] H EFY S 2] 3ttt M (action) ol A]
T 5 A o sk, A ¥ 37 9] 79+ model.reg linear
2 A 9] 3T} Data mining group, 2015).

Az okl PMMLE Hole] ofdelss wie] %4,

ol

FF Y AS 852 F2 FEEUIT 2 2Y 2 2
w9 FHE 98k PMMLE £3 o] & A3 2ot

O’Donovan et al.(2016)Z} Lechevalier et al.(2018)2 2+t A3
E dlg #3334 2d-s PMMLE F83to] A4k
)9 o)Z nuz F4319th 2d 3o mdo) ALeA T}
FALE FIANFN7] At 71 PMML 27 wtel] F744<1
ARE A3 Zo|t). Lechevalier et al.(2015)2 1321737
g0 dolguo]2~ A ¥ 525 98t T222 HEk
29S8 7]E PMML 20 F7}189 . Zhang et al.(2019)2
AF, 38AY L HH] ARE 7|E PMML7]HP zdz ¢34

g}h 76-]5]— zds 7HH1—0].93‘1:]_ =R} 7:"1 o ]:ﬁl_ PMML =2
o o3t AFS Ax Fokol| A 33 Zo| ). Park er al(2017)

2 THAIRE ZEA 2 39 2] Ay PMML 227]0kE A
2349 ol|A] o & Alvte] 2o 4 715313t Nannapaneni
et al(2018)& HWo|AlQF Y ES I Rd o] PMML 27|ntE &

et al., 2018; Zhang et al., 2019), -8 Ak 2 73 A9 ¢l
Lechevalier et al.(2015)2 AA71g9] oA d&-& 9 <l
T 2ES PFA BA 2 A3 A 7E AT

3.4

B Ao A= PMML 2 PFA 7%k tlo]E] ofdelEl~ mda}
ZAtde]d B3 S S Algith of 7] A, i )
d mY, 9pg AR T2 Y A28 FEE FHEY, 2 Ao
M ol AR 4 ol & FaA, tEH Az A4t
A AR E FA o= d it

3.170d 29

BEEEA Az AssE AT HolH ofdeg 2 R

Z]"I‘}v ﬂ?—i«] E%L* AT Y] A7 E 88kt <Figure

> o] AT MEA R =438 g Zlojt). gk o7,
Z} Ho] 1 —r7 < 87A —‘vj‘/H A (requirement), 2 A|(design),
A2} (implementation), +% % -%] 2.4*(operation/maintenance)
18] 3 ¥ 7](decommission) 2] ‘Erﬁ] £ AX)Al Pt Ministry of
economy and finances in france, 2018). 2. - A A 2, =
e o] IR 2 A 2 Y & BAl A AT o] &
N, &F GA= A4t ALE G Aol s ddet Ao ARS
A= 28] 7HEA T A& AN A Az A F58kE

Interoperable
Manufacturing Intelligence

Administration Shell > . s
Lifecycle [ Requirement }}[ Design
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Data
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M

Data Analytics Model
Lifecycle

)

Operation/
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[
[

Model Integratlon
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A
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g
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QIQ I

[

Figure 4. Conceptual Model
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A F5E FHL Aol o2 SF o A= olH ofd gy 174]?“* 7S o] &3t B3t Aol gk 3h4 o
e rd e 7A s} Ao 250, A AR A= HolE R =EET o]Hd 4 FElY| ¥4 B 235 Het
fdelg 2 B EE o9 AFsleta, ofgA AAHoE o:] PMML 2-7]7} 9 PFA %7]11} o 2318 o= 2] 7
e, A E wEshE Zlo] E& Aol BHARIA Atk 7] (wrapping)< TH T B e F2 1 oS 2ES XML 7[5k
&2 BEAE 10 Aotk M A& A ML vlolE ode]  PMML FEfo] £4 2 JSON 7]HF PFA o] AR 2179
gl mdlo] o] B I A FACE S Y B 3k AAolt) o]} FAld|, Aol tf-&-3h= Akl A

2 Z&3h= Zlolt). &, allF A4kl thg Apikae]d o2}
= AH g oY tlolF o de g RE-g TolA ARE-3}
= Zlolt}. o] &= Ak e| Al o F2 o) 7] & s, Apikae] o]
A AE, JA, B3t 757 3 dlolE<} 7|€d 7]%543 <]
A% 7150l JoBRE 78 g rhsattt. &, Aty dS
A0 2 glolE o dE|g 2 md S YA 3lslr] $e nd &
h(model integration)O] g Q3}c},
Ot 5898 9lte] ofd vofE ofde g 2]
3 U@g Aesh=A] o tigt &A1 7F ik A ek, )
o] o dglElx RSy =F(X)t+e 3 FE| 2 FH AT o]
213k ghro] o] 7hssithi ou g ddoj(d : R, KNIME,
Scala, Phyton)2t = AHHAE]d 9] 532 7Fssit & =&
o A= PMML PFAS A gt =), 1 o] fre 4583
Az A 53hE F76kaL §17] wizolth. PMMLY PFAT Hl©]E|
e Bl AFH - 24 F¥o| bk, XML
JSON©| 2= Mg o] 11 7] A7} 8 417158 9l o] 2 ALg-31H,
diolH £4] dYdx= AHY & ShUZ &8st 9)
7] wj ol t},

l

1r

=

3

YA
LT

3.2 34

<Figure 5> PMML - PFA 7|4t g o]E] o de|g 2~ =7}
Appe)d o B3 A4S et 54 o delg 2o A
$, Apsko 2 RE H olE QIE|H o] A5 53l Ho|E & 3]
st "ot 282 dlolE ofdelgx E7E o] g3te +3
g dolE 22 dF 2ds A4 dtt oS 2d o

Asset Administration Shell (AAS)

Asset Identification

Aol B A2EAE AT 7 T Alage]d e
PMML - PFAS] #AES AHRE =R %XHEPE} OIE% 3t 4

S B3to] A4te]4 & PMML - PFA o2 H HE
F 9] QI~H 22 A 5}stA €t o] u, c%l o]
FE)(XML £ JSON), 24 Fel(Id == °J_Edé) g 7]
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