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Holonic Manufacturing Systems (HMSs) are regarded as a foundation of cyber-physical production systems as they enable
computers to conduct intelligent process planning, scheduling, and control by endowing manufacturing components with
autonomy and collaboration. In an HMS, autonomy is realized by specifying holons that represent virtual agents of
manufacturing components, while collaboration is facilitated through a communication mechanism that enables data
exchange and decision making throughout a holarchy of holons without human intervention. This study presents the
development of a virtualized holon model and a predictive process planning procedure using the Asset Administration Shell
(AAS), i.e., a standardized model that can identify digital representation of manufacturing components to ensure
interoperability. Specifically, an AAS-based information model was proposed to define operator, machine, product, and order
holons. In addition, a predictive process planning procedure based on the Contract Net Protocol was developed to
automatically allocate tasks while predicting task execution times. This study can contribute to the designing of an AAS-
domain specific information model for HMS to increase interoperability in the holon holarchy, exhibiting the feasibility of AAS
applications in predictive process planning on HMS.
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+value: PathType

Fig. 1 AAS information structure

Heppner 5-& AASE 7|Who2 374 51/d 8400 33 U A&
glojd 7t X Yoly YIS ZLSHATH22]. Jungbluth
o AASX RIS Bl AAS FH mElS AAskal 79
, A8 gl A AES paeke AT-E A3EEITH23).

ATEE AASE o]gato] Al AHike] 73t B o]
St EEIE AAEIITRE Aol 297t Qit) &, AASE
o]7]F 3t thkdel EAlte 3 44 aaE
Ao 7HEL 7hsstal dlold weks 919t
SAlol gHEE = Q1SS HolFqlnh. of2fek &
2 Qlsto] AASE o83t 28 992 HA =
T2, AASY A= AAS R wd S 9f9t wjEr 2
2 EE o] 7 FeJE o] Sl Aol &, 2
of et AASE NSt H, 28 °§°—%°ﬂ E31El AAS
7Waiof grh= Zlolth. o]t Al AAS A
< A ) dfurshd 28 g Al e e
d 9 AASO] gt AE A4S 7HAAL Qlofof 517

olt}. whA, HMSE] && HH #3 9 45848 15
Hb AAS 7|9k 7}AakEL e saro) ugg—a}u}. o]Z 23] HMS
o] Z2% AASE A RH, EEY oo|lHES 4
S} FAlO T8 QL oA 74151 A3 9l AlolE 7k
SHAl k= HMS H|AYE 7ito] dasith J1efu, oA 7R =

AASE HMSo|| 283 Alefl= gl A= vfebe.

A

Al

i}
N
FFJ Y

©
QL
HTrE

A

o o 2 o

A

o &,
Mo

of
oL
mlo

&

ox

H of ;53
B 18
i)
o

;

O:

|

ne

Jp=)

M0 | H o oo 2
i)
o OE
2
2

|

¢



206 / March 2025

Holon «enumeration»
+shortid: String {id, unique} HolonKind
+customid: String =

ype
+semanticld: String Instance
+name: String
BasicHolon +holonType: HolonType oo
v +holonKind: HolonKind «enumeration»
“asrogress TaPogEss > [__samioa |
~runni ng&-eck bocleary +availabilty: Availability DU e— HolonType
Human ~executingTask: Task +state: StateMachine Resource
~affiation. String ~creationTime: DateTime 4D Order
~department: String +owmer. String Product
+position: String +version: String DataMediaton
~orderAuthorized: boolean +communicaionProtocol: String ModelMediation
~capability: TaskType{0.."] Human
~retrievedModel: Model
~humanParameters: Double(0. ") —enomeraions
\ ResourceHolon OrderHolon Produckiolon ] [ e
+capability: TaskType[0.."] +candidateReceivers: BasicHolon[0."] —aualiyStals. QualtyLabel t ] F | Unavailable
Machine +retreivedModel Model +recenverList Map<taskOrder, Holon> e eraCiass: St H
+processParameters: Double(0."] | *CFP|+recievedBids: Bid[0.] 9 H
+specification: Specification +performanceName: Sting fez-=o “bestBid BiG +materialName: String +rptreives +rtrieves «enumeration»
+operation: Operation > ~performanceValue: double +order. Order *widih: double H StateMachine
~assignedCheck boolean i o e v Tdie
- ~assigningBid: Bid0."] ;! ! Data Model Starting
operates ~assignedOrder. Order numberOfHioies int I ] f ] Excule
~identiies [ 1 [ 1 Completing
0.1 ocucts O~ ~owner Complete
ifi ; +products -
Specification [ Operation l +resodxceOwner $receives <handies P 0. ig’np::
“as AxisSpecifcaton ~sensorData SensorData i sproduces \comrises Suspended
{treats ~order s assignedOrder Held
+has’ { 1 1 0.\ +assignedTasks
: «enumeration»
~speciyRobot ~spdutyAxis i Order Task TaskProgress
SensorData <assignedOrde{ <orgerid: int (10, unique) taskOrder int (19, uniaus) o
+FTsensor. Double H ~orderName: String . .« |+taskName: String Read
B +sensor- int ~creationTime: DateTime executesH1asks | +gescription: String Roning
P ~deliveryDueTime: DateTime [ - 0.+ | *constraint: String Emergent
Wm‘;e;mms ot ~axsSpesd AxsSpesd +orderedTime: DateTime +assignedOrder | *locations: Coordinate(0. "] <enumerations Teardonn
<ratedpayloade: int +axisAngle: AxisAngle +numberOfProducts: int +taskType: TaskType TaskType Loading
i
+maximumpayload: int . - Afiachment Unloading
+maximumreach: int chmey Specifies +Didid: int {id, unique} Drilling Maintained
ey o] vocaes
AxisSpeed AxisAngle +18SOUICRAVS ity: Availabili Turnin - n
+Orderid: int Assemgmy enumeration
+al:int +al:int ~+taskOrder: int Coordinate Inspection QualityLabel
I:§ :: :ﬁ ::t +xPosition: double Measurement Normal
+ad:int +ad:int +yPosition: double Detachment Abnormal
+a5:int +a5: int +2zPosition: double
a6 int +ab int

Fig. 2 Class diagram of information structure
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Asset Administration Shell (AAS)
AASID: asset ID
Header AssetID: asset.asset ID

Body

Nameplate Submodel
submodel.nameplate

Holon Submodel
submodel.holon
Submodel for holonic algorithms

(availability, parameters,
predictive performance, etc)

Asset Administration
Shell (AAS)

Submodel for Common information
(name type, availabilty, etc)

Al 0 PO Aol

p

Specification S

Identifier.data

submodel.specification
Holon identifier
‘?“;g'mD‘ID Submodel for Technical specifications
v d (specifications, component configuration)

Semantic ID,
URI etc)

submodel.operation

Submodel for Current status
(capabilites, state machines, etc)

Data Submodel
submodel.data

Associating and storing data
(orders, beads, sensor data, models, etc)

Fig. 3 AAS holon meta information model structure
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Table 1 Mapping table for holon attributes to AAS attributes

Class Attribute AAS submodel Target AAS
Short ID Nameplate All
Custom ID Nameplate All
Semantic ID Nameplate All
Name Nameplate All
Holon type Nameplate All
Holon kind Nameplate All
Holon Owner Nameplate All
State Operation All
Creation time Operation All
Availability Operation All
Communication protocol Operation All
Task progress Operation All
Running check Operation All
Quality status Operation Product
Number of holes Operation Product
Material name Specification Product
Pﬁg?;lna Material class Specification Product
Width Specification Product
Length Specification Product
Thickness Specification Product
Candidate receivers Nameplate Order
Order Receiver list Operation Order
holon Recieved bids Operation Order
Best bid Operation Order
Performance value Holon Resource
Performance name Holon Resource
Assigned check Holon Resource
Rii(izflce Assigning bid Holon Resource
Assigned order Holon Resource
Retreived model Holon Resource
Capability Operation Resource

Fig. 4= AAE AAS E&E X mdo] A %3 "4
21935k (Serialization)g UERHATE. AASE F3 Ao 5 dlut
XML (eXtensible Markup Language)o. 2 EETH Ao|w, Al
9l 7I=AHE =9017] 93] YAML (Yet Another Markup
Language) FEj = HE3E Ao|c}.

e
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<aasassetAdministrationShells> M environment M
<aasassetAdministrationShell> assetAdministrationShells:
<aasiAsset_DrillingRobot</aasid> assetAdministrationShell:
<aasassetinformation> id: Asset_DrillingRobot
<aastype>Submodel </aastype>
<aasvalue>Holon</aasvalue> submodeéls:
</aaskey> reference:
<faaskeys> type: Submodel
<faasreference> value: Holon,
<aasreference> .
submodeéls:

submodel:
ommii <aasid>Holon</aasid> id: Holon

T -1 <aaskmd>lnstanc=< aas! kmd> * kind: Instance
wodelEle

ormanceValue</aasidshort> submodelElements:
int</aasvalueType> property:
<aasvalue>0</aasvalue> -idShort: performanceValue
<[aasproperty> valueType: xsint

value: 0

-idShort: performanceName
valueType: xsint

value: taskTime

</aas:submodelElements>
</aassubmodel>
</aassubmodels>
<[aasienvironment>

! [
[ [

Fig. 4 Example of AAS instance (Drilling robot)

(a) Drilling robot
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(b) Cutting force distribution data (Spindle speed: 1000 RPM,
Feedrate: 0.83 mm/sec)

Fig. 5 Drilling robot and cutting force data
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Asset Administration Shell Data analytics model representation

Asset identification
AAS identification
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Fig. 6 Process of integrating predictive models into AAS
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Fig. 7 Holonic predictive sequence diagram
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Fig. 10 Fitting of machining time prediction model
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Fig. 11 Prediction implementation results
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