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ABSTRACT

In an environment transformed by smart factories, measuring the current level of the
manufacturing system, deriving improvement targets and tasks and increasing the level
of manufacturing competitiveness become the basic activities of the company. However,
research on the component analysis and maturity assessment to ensure the future com-
petitiveness of the company is in progress and in the early stages. This study analyzed
the existing research on various models, development process, and framework for
manufacturing system. In addition, we designed a structural model by deriving the components
of future manufacturing system through smart factory related maturity assessment studies.
We designed a meta—model that includes an assesment model and a transformation model,
and derived the framework development process to propose an integrated framework for
the maturity assessment of the future manufacturing system. We verified it by applying
it into an actual evaluation project of smart factory.
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(Table 1) Improvement Directions for Existing Research

Improvement direction

* Development of the systematic models represented by components and comprehensive
Structure structures that cover various perspectives
* Analysis of relationships among the components

* Framework development combining innovation and assessment

* Applicability verification through field application and selection of weight value presenting
manufacturing system characteristics

* Development of process model for the assessment criteria and understanding of the future
manufacturing system's maturity level

Maturity
assessment

* Linking with existing research of manufacturing system transformation such as lean
Transformation manufacturing and innovation methods
* Tools development supporting customized strategies for various industries and its levels
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(Table 2) Development Process of FAMOF

Level Sub-level Related design principles
) S1 Definition(Scope, Goal) R5, R6
Pla(r;n)mg S2 Analysis related research R1
S3 Establish development direction RY, R10
S4 FAMOF conceptual design R1, R9, R10
Deveé(r))p)ment S5 FAMOF development process R10
S6 FMS meta-model R2, R4, RI11
Evaluation S7 Test application R3, R12
(E) S8 | Result analysis R3, R12
Maintenance S9 Complement FMS meta model
M) S10 | Documentation R7, RS
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‘ S6.1.1 ‘ Selecting Components ‘
S6.1
Structure ‘ S6.1.2 ‘ Selecting Detail Items ‘
model
‘ S6.1.3 ‘ Constructing Hierarchy ‘
‘ S6.2.1 ‘ Deriving Core Requirements ‘
‘ $6.2.2 ‘ Developing Assessment Items ‘
S6.2
Assess- - -
ment ‘ S6.2.3 ‘ Developing Maturity Model ‘
model
‘ S6.2.4 ‘ Developing Maturity Matrix ‘
‘ $6.2.5 ‘ Developing Scoring System ‘
‘ S6.3.1 ‘ Selecting Components ‘
S6.3
Trans_form ‘ S6.3.2 ‘ Developing Toolbox ‘
-ation
model ]
‘ $6.33 ‘ Developing Roadmap and manual ‘

(Figure 1) Detail Development
Procedure of the FMS
Meta-Model
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(Table 3) Components and Assessment Areas of the FMS

Structure model

Components Assessment areas Referred models
Organizational structure, Culture, Governance, Leadership, People, .
(S)trra;ﬁgzﬁt%n Customers, Employees, Designated Personnel, Market & élﬁﬁ (’gl\l\/fls\%fw’
g Customer Access, Product & Service Portfolio ’
Goal & KPI KPI Relationship, KPI SMSRL
. ) L s . AI4MI, CEMM,
Processes Operations, Smart operations, Value Chains & Processes PMMI4, SMSRL
Information Information infrastructure, I'T Architecture, Data, Output Data | Al4MI, CEMM,
System Format, Software System PMMI4, SMSRL, RI4
(S:ggiﬁ; & Controls and devices, Networks, Security policies, Smart Factory | CEMM, II4R
Technology Technology 14MM, RI4
ete Products, Data—-driven services, Smart products, 4R
Compliance/Legal/Risk/Security & Tax

- Acatech Industrie 4.0 Maturity Index(AI4MI)

- The Connected Enterprise Maturity Model(CEMM)

- Industry 4.0 Maturity Model (I4MM)
- IMPULS-Industrie 4.0 Readiness(II4R)

- PwC Maturity Model-Industry 4.0 capabilities

(PMMI4)

- Reifegradmodell Industrie 4.0(RI4)
- Smart Mfg. System Readiness Level(SMSRL)

Strategy &
Organization

Operational Approach logical Approach
Goal & KPI

‘ Principles ‘ ‘

Processes

‘ ‘ Technologies ‘

Information
Systems
Control Systems

(Figure 2) Hierarchy of the FMS Structure Model
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(Table 4) Definition and Characteristics of Components of the Assessment Model

Components

Definition and Characteristics

Assessment Item

» Structural assessment model consisting of Dimension, Domain and Item

Model * To present assessment items, deriving core requirement from the components

of structural model should be preceded for the items.

Maturity Model the assessment item

¢ 1:1 connection of Dimension as a criterion that defined the maturity level of

» Fixed numeric level(usually 5-levels)
* A short description of each step and a features of each step

Maturity Matrix Ttem Model

* Detail assessment criteria that describe maturity level of all items in the Assessment

e nxm matrix(n: # of Item, m: # of maturity level)

Scoring Model

e Maturity scoring model for Item, Domain, Dimension and overall using each
item’s weight and evaluating score.

Weight type

» Method for deriving each item’s weight(simple, AHP, ANP)

Item Network Model

* Assessment item network model for deriving ANP-type weight

(Table b5) Definition and Characteristics of Components of the Transformation Model

Components Definition and Characteristics Existing examples
Consider the level of individual item or multi item | VDMA Toolbox Industrie 4.0 presents 6x4
Toolbox presented by nx(m-1) matrix (n: # of Item, m: # | matrix dividing two sections: products and
of maturity level) production
Proylde detalled dnvm_g_ yoadmap considering . | VDMA presents 5-steps guidelines
Roadma relationships of core activities or level of corporate’s including Preparation, Analysis, Creativity,
D key activities based on stages of introduction, g Lrepars ’ VSIS, ’
o Evaluation, and Implementation.
development, diffusion and settlement
Manual & Develop execution manual consisting of promotion | KPS conversion model develops 6
Examples point, activity summary, promotion step, forms and | principals and 30 core activities and
D cases according to activities of structural model | provides case oriented manual
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(Table 6) SFAM Components and the Comparison with FAMOF

Levels and components
FAMOF SFAM

Definition and characteristics Details

Future goals of the manufacturing

Strategy & | Vision & . Each corporate’s detailed strategies and
oY sectors to achieve corporate .
Organization Strategy visions
management goals
Key manufacturing strategic goals |5 core features; Connected, Real-Time,
Goal : . . ;
to pursue in the long term Intelligent, Flexible, Sustainable
Goal & KPI ; . : :
Core performance index for Productivity, Quality, Cost, Delivery,
KPI SR ’
achieving goals Safety, Environment
Product development, Production
Processes Process Main processes for manufacturing | planning, Process management, Quality

value chain

management, Equipment management,
Logistics management

Information | Information

system system management

Management information system
for corporation and manufacturing | MES, PLM, ERP, SCM, FEMS

Controls & Facility

Manufacturing operation levels

Control, Machine, manufacturing

Security automation |comprising machine and control |technology
. Core Main functions for a Achieving Goal | 14 functions like anomaly response, criteria
Functions .
functions | & KPI management, etc
Technology Base 8 smart technologies Smart sensors, CPS, 3D Printing, Energy

technology

saving, IoT, Cloud, Big-data and Hologram
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Modules (Domains)

Leadership & Strategy

Product Development

Production Planning

ProcessManagement

Quality Management

Facility Management

Logistics Management

46 Assessment Items

/ \
/4 Dimensions\
\.

/
/ 10 Modules

Dimensions
— Mar 't (100)
Perform Lead;rsh\p
e Strategy
| | Process (400)
System
& Process
Automation

System &
Automation (400)

Information System

Facility Automation

Performance (100)

Performance Assessment

/ 46 Assessment Items

(Figure 3) SFAM Assessment Scheme
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(Table 7) List of Assessment Iltems(6)

175

Dimensions (]1\)/[ odules Assessment Items
omains)
Leadership gEO leadership . .
Leadership & trategy and plan for'lmplementmg sm.a'lt factory
Management of organization and capability of smart factory
Strategy .
Management of KPIs(Key Performance Indicators)
Procedure of product development
p Product design and evaluation
roduct . .
Development Process design and evalqatlon '
Management of product information
Management of technical information
Management of information for production planning
Production Demand and order planning
Planning Sales and operation planning
Master production scheduling
Pr Development of the detailed job schedule and order
0Ccess .
Management Management of the prodqc.twn' DProgress '
Management of abnormalities in the manufacturing process
Process Management of information for quality control
Quality Management of documents of standards for quality control
Management | Management of testing data
Management of machines and equipment for quality control
Management of the operation of facilities
Facility Maintenance of facilities
Management | Management of spare parts
Management of molds, jigs, and tools
Management of the demand of materials
Management of orders and lead times
Logistics Management of storing and releasing products in a warehouse
Management | Management of racking systems
Management of picking and delivering products
Management of information about delivering and tracking
Utilization of ERP and SCM
Information Ut@l@zat@on of MES
System Utll}zatlon of PLM
Utilization of FEMS
Sysgtlem Management of information security
Automation Automation of manufacturing facilities
Facili Automation of logistics facilities
acility A . . . e
Automation utomat}on of fevaluatlo'n and testing fac1hT;1.e.s
Automation of information network for facilities
Management of energy, safety and environment
Productivity
Quality
P Performance | Cost
erformance

Assessment | Lead time
Safety
Environment
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