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A Study on Application of Systems Engineering Approach to

Design of Smart Manufacturing Execution System

Byeong-woo Jeon’, Kee-Young Shin, Dae-Geun Hong, Suk-Hwan Suh
Graduate School of Engineering Mastership (GEM), POSTECH)

Abstract : Manufacturing Execution System(MES) is in charge of manufacturing execution in the shop floor
based on the inputs given by high level information such as ERP, etc. The typical MES implemented is not
tightly interconnected with shop floor control system including real (or near real) time monitoring and control
devices such as PLC. The lack of real—time interfaces is one of the major obstacles to achieve accurate and
optimization of the total performance index of the shop floor system. Smart factory system in the paradigm
of Industry 4.0 tries to solve the problems via CPS (Cyber Physical System) technology and FILS (Factory
In—the—Loop System). In this paper, we conducted Systems Engineering Approach to design an advanced
MES (namely Smart MES) that can accommodate CPS and FILS concept. Specifically, we tailored Systems
Engineering Process (SEP) based on an International Standard formalized as ISO/IEC 15288 to develop
Stakeholders’ Requirements (StR), System Requirements (SyR). The deliverables of each process are modeled
and represented by the SysML, UML customized to Systems Engineering. The results of the research can

provide a conceptual framework for future MES that can play a crucial role in the Smart Factory.
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[Figure 1] System life—cycle processes [14]
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[Figure 2] System life—cycle processes on system-of-interest
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The department which recognize need for development of Smart

Technology Planning Department MES. System Mission and system level requirement can be

Feasibility Study extracted.

Review on need for Smart MES development. If it's determined to
reasonable, they approve to develop.

Smart MES Planning Department

Coneept Design Do CD/BD/DD on Smart MES design, verify and validate work
Basic Design Smart MES Design Department after implementation. They should reflect on other stakeholder
Detail Design requirements.

Implement Smart NES which is designed by Smart MES Design

Smart MES Implementation Department and its interface to other systems.

Procurement Smart MES Part Supplier Supply constituiting part for implementation of Smart MES

Test . . Take over Smart MES when it's implemented and tested and
Smart MES Operation and Maintenance . . .
operate, maintain Smart MES. Operational requirements can be
Department ) .
derived from this department.

Department which produce product with the coordination of

sration & Maintend  Shop Floor Operation Department | Smart MES. Shop floor requirements can be derived from this

department
vt MES Disposal Deartment | PeP2 1 WhIe execte isposal work and classfs ings can
Dol be reused.
P ) Determine whether Smart MES czn be disposed and approve if it
Disposal Management Department oo
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Smart MES should identify necessary manufacturing execution resources
with 99.9% acouracy.
Smart MES should prepare for necessary manufacturing evecution
resources with 99.9% accuracy.
Smart MES should manage information on necessary manufacturing
resources with 99.9% accuracy
Smart MES should grasp status of necessary manufacturing resources
with 99.9% accuracy
Smart MES should manage usage history of necessary manufacturing
resources with 99.9% aceuracy
Smart MES should judge availability of necessary manufacturing
resources with 99.9% acuracy
Smart MES should recognize warehousing status of necessary

ing resoures with 39.9% accuracy
Smart MES should recognize releasing status of necessary manufacturing
resources with 98.8% accuracy
Smart MES should recognize necessary manufacturing resources which
are put into operation with 99.9% accuracy
Smart MES should he able to put necessary manufacturing resourees into
operation with 99.9% aceuracy
Start MES should predict quantity of demand of necessary

ing resourees with 99.9% accuracy
Smart MES should recognze status of demand of necessary

ing execution resources with 88.9% accuracy
Smart MES should displaying status information of manufacturing
exeeution resources with 99.9% aceuracy
Smart MES should secure necessary raw materials for operation of
resources with 99.9% aceuracy
Start MES should predict amount of manufacturing execution resources

Str11  [Identifying manufacturing execution resources

§tr12  |Preparing for manufacturing execution resources.

$tr13  |Managing manufacturing execution resources information

Str14  |Grasping status of manufacturing exeeution resources

Str.15 | Managing usage history of manufacturing execution resources

Str16  |Judgment on manufacturing execution resources availability

$tr17  |Recognition of warhousing of manufacturing execution resources

Str18  |Recognition of releasing of manufacturing execution resources

.19 |Recogntion of manufacturing executin resoucesbeing put nto peration

$tr1.10 |Putting into operation of manufacturing execution resources

$tr1.11 |Predicting quantity of demand of manufacturing execution resources

Str1.12 |Recognizing status of demand of manufacturing exeeution resources

§1.113  {Displeying satus informaton of manufacturing executin resources

$tr1.14 |Securing necessary raw materials for aperation of resources

$tr1.15 | Predicting amount of manufacturing execution resources in operation

in operation with 99.9% accuracy.
" Smart MES should determinine wheth be put with 99.8%
Str1.16 | Deterrmining whether resources can be put i UK deerminin ekt resorcescan b put vt
acuragy.
" . . Smart MES should send status of manufacturing execution resources
Str1.17  |Sending stetus of manufacturing execution resources .
with 99.9% aceuracy

[Figure 4] Identified Stakeholders

[Figure 4] Extracted stakeholders requirement

N
rir
1z
p-
il
d0
o
>
|>
oz
£
]
T
i
o
il
0f0
0 o
i
2
=
o
e
-
©
O



Al ABIUX| 0| &

Collecting list of manufacturing
execution resources

Smart MES should collect list of manufacturing execution resources with
99.9% accuracy

need for manufacturing |Smart MES should determine need for manufacturing execution resources.
execution resources \with 99.9% accuracy

Smart MES should record determination log on need for manufacturing
execution

resources with 99.9% accuracy

Smart MES should dictate manufacturing execution resources stand-by with

Syri11

Syri12

Recording determination log on need

Syril3
ok for manufacturing execution resources

|Dictating manufacturing execution
resources stand-by 99.9% accuracy

[Analyzing stand by situation of Smart MES should analyze stand-by situation of manufacturing execution
manufacturing execution resources resources with 99.9% accuracy

Smart MES should recefve stand-by information of manufacturing execution
resources

lwith 99.9% accuracy

Smart MES should analyze stand-by situation of manufacturing execution

Syri21

syr12.2

Receiving stand-by information of

SyL123 : .
manufacturing execution resources.

(Analyzing stand-by situation of

Y124 | nufacturing execution resources |resources within 1 minutes.

nias [Manesing st of manufacurng Smart MES should manage Tt of manufacturing execution resources with
execution resources 99.9% accuracy

syr132 Managing status of manufacturing Smart MES should manage status of manufacturing execution resources
execution resources 99.9% accuracy

syrLal Analyzing manufacturing execution Smart MES should analyze manufacturing execution resources usage status
resources usage status \with 99.9% accuracy

G4z |[eSOMIg manufactuing execution [Smart MES ShoUK resofte manufactufing executon resources 1sage status

resources usage status problem
Displaying status information of

problem with 99.9% accuracy
Smart MES should display status information of manufacturing execution

syr143

manufacturing execution resources resources with 99:9% accuracy

Gyeiaa |dentiing problemin status of Smart MES should identify problem in status of manufacturing execution
manufacturing execution resources resources with 99:9% accuracy

syri45 [Analyzing manufacturing execution  |Smart MES should analyze manufacturing execution resources usage status
resources usage status |within 10 seconds.

Gyeias |REOMing manufacturing execution —(Smart MES should resove manufacturing execution resources usage status
resources usage status problem problem within 1 hours.

Gyeiaz | entiing problem in status of Smart MES should identify problem in status of manufacturing execution
manufacturing execution resources _|resources within 10 seconds

eist [Displaying usage history of Smart MES should display usage history of manufacturing execution
manufacturing execution resources resources with 99.9% accuracy

oyriso |CEnerating usage fistory of Smart MES should generate usage history of manufacturing execution
manufacturing execution resources resources with 99.9% accuracy

syring |Recording usage history of Smart MES should record usage history of manufacturing execution
manufacturing execution resources resources with 99.9% accuracy

syrisa |Managing usage history of Smart MES should manag usage istory of manufacturing execution
manufacturing execution resources resources with 99.9% accuracy

[Figure 6] System requirement
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[Figure 7] External interface
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[Figure 8] Logical solution of smart MES represented by eFFBD
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[Figure 9] Modified system logical solution based on system
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[Figure 10] Mconfirmation on traceability among system re-
quirements, logical solution, external interfaces
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Smart MES should collect list of manufacturing execution

Syri11 =
resources with 99.9% accuracy
Identitying manufacturing Smart MES shouwld identify necessary manufacturing | Syr112 s S should need for
Stri1 < : . r with §9.9% accuracy
execution resources execution resources with 98.9% accuracy. —
E S should record determination log on need for
Syrilz manufacturing execution
resources with §5.9% accuracy
Syriz1 Dictating manufacturing wiion resources | Smart MES should dictate manufacturing execution resources
- stand-by stand-by with 99.95 accuracy
vr Analyzing stand-by Stuation of Smart MES should analyze stand by stuaton of manufacturng

with 98.9% accuracy

Freparing for manufacturing Smart MES should prepare for necessary

Recefving stand-by information of

Smart MES should receive stand-by information of

stz with 99.9% accuracy. | ¥ 2%
with 99.99% accuracy
Syriza |Pnabaing stand-by situation of Smart MES showld analyze stand-by Swation of manufecuring
m: i 6 within 1 mimutes.
syrizs Dictation stand-by on manufscturing Smart MES should dictate stand-by on manufacturing execstion
ion resource resource with 99.9% accuracy
Syriz1 st of 5 MES should manage list of manufacturing execution
w1z Managing manufacturing Smart MES shouwld manage information on necessany resources with 99.9% accuracy
. E i with 99.9% accuracy Syriaz Status of manufacturing 5 MES should manage status of manufacturing execstion
urces resources 99.9% accuracy
Syradl nufacturing execution Smart MES should analyze manufacturing execution resources
usage status usage status with 99.9% accuracy
yriaz sohang manufacturing execubon Srmart MES should resohre mamsfacturing execubon resources
resources usage status problem usage status problem with 99.9% accuracy
Syr1a3 Displaying status information of Smart MES should display status information of manufacturing
g 2 with #9.9% accuracy
- Grasping status of mamufacturing Smart MES showld grasp status of necessary — e
14 " Tdentifying problem in status of Smart MES should identify problem in status of manufacturing
with 99.9% accuracy Syria4 K '
with 99.9% accuracy
Syri4s |Anaba@ng manufacturing executon Smart MES should analyze manufacturing execution resources
res usage status usage status within 10 seconds.
Syria6 Re: mamufacturing execution Smart MES should resohre manufacturing execubon resources
usage status problem usage status problem within 1 hours.
Syr a7 mmfym; Brobiem in statws of Smart MES should identify problem in siatus of manufacuring
within 10 seconds
syrint Displaying ory of manufactaring

Managing usage history of Smart MES should manage usage history of necessary | o2

history of mamufacturing

Stris
manufacturing resources with 55.9% accuracy

ory of manufacturing

Syr153
Syrisa Manag story of manufacturing
yriet Neasu of manufacturing
s
Syri62 r manufacturing d on whether manufacturing execution
- used " can be used with 99.95 accuracy
strie Judgment on manufacturing Smart MES should judge avadabiity of necessary [T manutactuning E S Should judige on Whether mManufacturing execution
- G with 99.9% accuracy - used re: «can be used with 99.9% accuracy
Syriea of manufacturing 5 S should messure quality of manufacturing execution
yries manutactuning E S should judge on Whether manufacturing execution

can be used within 10 seconds
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