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Recent manufacturing environments demand greater flexibility due to the increasing need for high-mix, low-volume
production. While mobile and collaborative robots have made it easier to relocate equipment and change layouts,
reconfiguring manufacturing cells remains challenging. Successful reconfiguration relies not only on physical layout changes
but also on a deep understanding of the original design intent, operational constraints, and the empirical knowledge gained
during operation. Unfortunately, this knowledge is often implicit and may depend on engineers or operators who are no
longer available. To tackle this issue, this study introduces a framework for manufacturing cell reconfiguration based on the
Asset Administration Shell (AAS). This framework integrates static engineering information with the operational knowledge
acquired throughout construction and operation. It organizes asset specifications, operational states, manufacturing skills,
and related documents into a unified structure, enabling reconfiguration decisions to reflect both system configurations and
proven operating conditions. Furthermore, it connects work execution results with operational knowledge, document
versions, and raw data references to enhance traceability and reproducibility post-reconfiguration. This proposed approach
aims to reduce the complexity and cost of cell reconfiguration and relocation while enhancing operational flexibility,
consistency, and scalability.
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NOMENCLATURE DOC = Document Submodel in AAS
MPR = Mobile Picking Robot (Mobile Manipulator)
AAS = Asset Administration Shell MOS = Manufacturing Operation Skill Submodel in AAS
AMR = Autonomous Mobile Robot SPEC = Specification Submodel in AAS
AGV = Automated Guided Vehicle STATE = State Submodel in AAS
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Table 1 Examples of MOS items defined for warehouse, processing, and measurement cells

Cell Asset name Value
Warehouse cell controller AAS Hold the task after two retries on recognition failure
Robot AAS (Mobile manipulator) — End-effector AAS (Gripper) Applicable only to box-shaped objects
Warig‘l’use Robot AAS (Mobile manipulator) 0.4 m/s
End-effector AAS (Gripper) 35-65 mm
Cart AAS (Type-A) Maximum 220 mm
Processing cell controller AAS gllel(:}\lvr eosr}llc(:) 1rgwork when the surface roughness exceeds
Robot AAS (Collaborative robot) — Machine Tool AAS (Machine-1)| Start loading 1.5 s after door-close confirmation
Procceesllsing Robot AAS (Collaborative Robot) Front approach prohibited, side approach only
Machine tool AAS (Machine-1) 3200 rpm
Machine tool AAS (Machine-1) 42s —48s
End-effector AAS (Gripper/Tool) Cylindrical parts with diameter 2045 mm
Measurement cell controller AAS One retry after re-alignment on measurement failure
Robot AAS (Collaborative robot) +1.2 mm
Measurement Vision system AAS (Camera-1) 18 ms
cell Vision system AAS (Camera-1) 75%
Vision system AAS (Camera-1) 5 mm inward from the outer contour
Cart AAS Move rejected parts to the QA waiting zone
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4 m #* "Material_handling_Storage_Cell" [https://example.com/it
"MPR
"Cart_1" = [Submodel, https://example.com/ids/sm/6451
"Rack_1" = [Submodel, https://example.com/ids/sm/355:
4 NVIo "MOS" (7 elements)
4 “forCobot”
m “effctivePayloadLimit” = 6~7 kg
m " cartYawMisalignment” = 2.5 deg
m "graspModeSupported” = inner-diameter grasp
4 "Light" (3 elements)
M"Type" = Direct
m "Mounting_Height” = 15 M
m “lluminance” = 750 lux
4 "Temperature C* (2 elements)
m "Min." =0
B “Max” = 40
4 "Floor_Condition" (2 elements)
m "Reflectance” = 20 %
m"Pattem" = None
m "Color" = Gray
“ "Daylightingress” (1 elements)
m "DaylightingressPResent" = False
m "FootprintAreaM2” = 300
4 "UtilityRequirements" (2 elements)
m "Compressed_Air " = 7 bar
"Electrical_Power" (2 elements)

= [AssetAdministrationShell, https://example.com,

(3 elements)

Fig. 3 AAS for material handling and storage cell control with
emphasis on MOS

FRE 3#E Hloly 28} Alo] dE#H o] AE BTt 3t
AAS Registry/DiscoveryE 0|83l AAF 2711 Ao o &
gA|o)Ho] g AHAFe] AASHEZQJIEES E2 02 ehals) 2=

010-] /\]/\Eﬂ 7:1-61—52 uz

)

A SRS A
[e]

Aoz 2 tAEEY HMI 52 A HEEY 22 of
SPA0IAS BEMA AR S A HFA AL AAS ®
& AP Fo AR A mUER, 47 deS 3T
T e, o= o7|F o] EAtkE A AR @RlA
At 2kl Flojoky WA 22 A7 2AIE AT 5 e

7Hke Alseit.

|E

4. 29 2T JIY M HESE| 28 X

4.1 ZAXIA| X2| 2F MOS 7|8 3 J1sA

Al HEED = AYAAE 34 89 o T2 siAst
i, o] A 9 ApAF 0] AR 2o R Befjste AT
eyttt o] oA HE A SEI AT ol F v E
ojof & 8 275 WA nHTFOEHN, FUL APA A
T el ARt WAoR SYERE 24Tt o]yt

Application Layer

[ Dashboard/HMI ] [ Cell Controller } KPI/Analytics

AAS Service Layer
[ Registry/Discovery ] [ } [ Submodel templates ]

Integration & Edge Layer

[ Edge gateway ] [ Protocol Adapter } [

Industrial Network

[ PROFINET ][ MODBUS TCP ][ Ethernet/IP ]

Asset (Heterogeneous equipment)

[ Collaborative Robot ] [ AMR ] [ MPR ]

Fig. 4 AAS-based heterogeneous collaborative robot and AMR/
MPR monitoring/control framework

AAS Server

Event broker ]
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Cell Controller

Preparation Execution Result & Traceability
Start
Receive work instruction - Decompose and assign tasks - Collect result
Read SPEC 1 Execute step Read DOC and raw data reforences
Read STATE Monitor STATE No .
Read applied MOS item IDs
Yes
Read MOS

Exception / retry required? Record result and traceability links

is execution feasible? Yoo Report result

No Apply MOS-based workaround E;d
Hold / Replan

Fig. 5 Operational workflow of the cell controller with references to
SPEC, STATE, MOS, and DOC
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Configuration
- asset composition
- active recipe / program |

poc
- criteria / SOP version
7 - validation record
feedback revision / record_—
reference reference

Execution Result

- completion time

- status

- result value / judgment code

ad -
reference reference

-
fineme
Mos b iz " Raw Data Reference

- applied item ID - image / report ID
- parameter adjustments - repository location

Fig. 6 Traceability and feedback structure linking execution results
with configuration, MOS, DOC, and raw data references
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