Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.12.422

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 12 pp. 422-429, 2023

ARE B8

)1":1

234 34 2R-A%58% A2d OA2AE 4
EZ3 29 A%

AZ*
Zey', o5y

THIMEATY [T, SHIMEATY FHSEATT
Development of Digital Transformation Standard Process Model for
Robot-Automated System for Food Classification and Small
Packaging Process

Tae Hyong Kim', Seung Eel Oh?
'Digital Factory Project Group, Korea Food Research Institute
%Food Safety and Distribution Research Group, Korea Food Research Institute

2 o A% Az AYS AB 2R =YL B WEE 2usty Ak £ dToldE 74 2% 4R SRUS
At SYSE AR R U 2% ARG THS APSHATh A A28, 2eelg wd A5e gA, dek 2
2 EYFORA BR U 23 £x40) 22455 4 RS 5D AAon, NE Y 4 Aad
2 A, A9 94, 34 BAK, 22 £9 b 84 5 BASAT F2 74 3K @ AL et 20 47
0 3D ABdlAE TEte] LAY 0E EEot 34 Bast Bd SRH] thek AADTHAS AL,

OAg9A8S 95t DNA A48 T&6t7 34 B2 1Y 180 B2 FF4 a1 4 £ 34 7|7k &390
Y71E AxEge] FAMZ et A5l 25 Aul Assh H AAEHE AntE viRrdAy 54 EEst RS
ARbsteaL, MEE F8L 718 A BAY/7HE/FAE 0] A8 5 AE AR AREt

Abstract This study suggests the implementation of automation through the introduction of vision
systems, rotary feeder automation devices, and delta robots in a manufacturing of meal-kit ingredients
classification and combination small packaging, which relies heavily on manual labor. We sought to
create an automated model for the classification and combination packaging process, thereby reducing
the reliance on manual labor. The investigation evaluated manual processes, the working environment,
process-related challenges, and the suitability of introducing robots for automation in the classification
and combination packaging processes. We designed 2D and 3D simulations of crucial components and
systems to develop operational scenarios. Moreover, a configuration plan for the standard process model
was formulated and encompassed software, hardware, communication, and robotic elements.
Furthermore, we identified key indices for digital transformation and quantified the potential returns on
investment associated with the adoption of standard process models. Consequently, a standard model for
the automation of robot equipment and smart manual processing tailored to the meal-kit manufacturing
process was devised. It is anticipated that this model can be readily applied to other manual production,

processing, and post-processing operations.
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Fig. 1. A flowchart of the process from manufacturing
to packaging for a blocky food product

Fig. 2. Traditional block assembly food packaging
process on the manufacturing floor
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Table 1. The method for calculating the DNA Index

Category Level Definition Level
Lack of Data Management 0
Manually Collection/Storage 1
123:( Auto-Collection/Storage(Integers) 2
(40%) Auto-Collection/Storage(Real Numbers) 3
Query/Search using DB 4
Synchronized Storage from Equipment 5
No Interface 0
Simple Contact(DIO) 1
NIentgeoik Non-Standard Communication Protocols 2
(30%) MES/ERP with Non-Standard Protocols 3
Standard Communication Protocols 4
MES/ERP with Standard Protocols 5
Fully Manual 0
Operator + Simple Equipment Program 1
Al Robot + Simple Equipment Program 2
Egoi); Robot + Lowly Intelligent Equipment 3
Robot + Highly Intelligent Equipment 4
Unmanned 5

SMART-MES

(Smart Factory Production management)

Database association

Automatic acquisition and
save (DATA 3 stage)

Data acquisition/save

| Work info ” Quality info |
I Sensor info I | Process info
I Stock info | I ]

MES Robot-device communication protocol

v

DB dashboard display
Production (DATA 4 stage)

info

Robot

Oper
ation

Sensor
+
Signal

Gripger, line, Jig. Robot programming
Operation

K

Material Supply

Robot-device Error diagnosis

Device abnormality> Status display |

Machine| Food (Al 3 stage)
Vision | Classifica
+ tion
Machine > - ;
Learning | Supply Device abnormality> Manual

automatic response
(Al 4 stage)

Fig. 4. Block-type Food Material Classification and
Combination Packaging Robot-Equipment
Standard Model Collection Data DNA(Data,
Network, AD) Index
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Table 2. Summary of the evaluation results of food
ingredient classification and combination
packaging automation process

Model
parameter

Score ‘ Evaluated Score

Evaluation Review

Necessity

20 [ 20

All processes are performed manually

The daily production volume is so large
that the same operation is often repeated
more than 1,000 times per worker.

Suitable for replacing robots and equipment
for simple automatic supply

Urgency,
Difficulty

20 [ 19

Simple, repetitive work processes can cause
musculoskeletal disorders in workers and
avoid work in environments with noise and
vibration.

A clear decline in quality due to
replacement by foreign workers due to
manpower outflow every year.

Compatibility

20 [ 19

Effective in replacing automated processes
with manual and simple repetitive
processes

A clear difference in hygiene and quality
between domestic and foreign workers

Effectiveness

20 [ 19

Expected that the price competitiveness of
products will be strengthened and
productivity will increase due to the rapid
increase in the minimum wage

Usability

20 [ 19

Classification and combination packaging
process is a popular process regardless of
industry

Expected to have significant utilization and
ripple effects

Total

100 | 9%

. Verification of simulation of solidworks of

standard model of block-type material
classification and combination packaging

robot

E¢]o]

ST ol Ot DEES/AAH/ARE
=0 ]_o:]

st AlEEold 2AHEl gt H5E 3
oml 1 A¥k= Fig. 501 et ok

71& AAm Ef 9 a2 34 AssE 9
2E-AH] 58 A|A" ZEI3AEE LS 551
O9 63 Zo] 33 A &AE =St AR
sld U71E Efo] 35 WS WE Edo] &
371 AE3 FAR tAlste] FE6ta, 28 3571
o EglolE 114, 4= A/B/C/D % AQ]' BE RIS
B3 oI5, Al HZS B9 AAE Q14 & BR, 2
Za71°l ‘:“E} 2Ro8 g Ig, UHA A= C
9t D 5= RICE o], Al HIAES BT YHA] A=
4 9 BR 28 33719 A= C% DE I3,
QAE A D Ang T i HS A AR
9 wiEsk= &Y AR NLESITHFig. 6).

e 27 4 2 ax 34 25244 22nd
EQ] Al A &3ZE Return of InvestmentE £4]
Skt Fig. 70014 Yt viel o] 719j9] yiRolE

1.843%% 7|02 AX™E Return of Investment:=

BAS Q] B 2 X3 _,_Ezl- T 2Ry wd
A2le] 9718 Auslgnt. $97K 75 A7 ¥

§ @RAA Roiwl, HAEN, 84 283, R 3
gu), Qslg A4 WA, 717, B, 1T 29,
PLC ZET, 25 9 Au] mg 9 ek ),
AT ALY Bel], WS L TN, A
o} Au] 97 Tell, A5e} g WM 52 @

|35tk 1 23t dAE ROI= ZF 32%, 59% 18]t
111%2 YUebdeh E3F 82 3= 7|72 9F 2.6992
2 YERgoH ol 2E-AE5 HdS =Y &

EEE

3. Transfer bulky food (A/B)

1. Tray Mlpply 2. Tray fix

Fig. 6. Process flow chart for meal kit food
classification and combination packaging
after robot-device automation
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Table 3. Summary of 3D Simulation Model Boot Rate,
Output, and Manpower Replacement Results
for Robot Implementation

Hardware Specifications and required functions

- Type: Delta Robot, Payload: 15kg
Working radius: 650mm

Cycle time : 0.45s (payload 6kg)
Number of units invested: 2

Robot

Grip 6kg (workpiece weight)

Gripper capable of handling up to 2
types of raw material boxes
Compatible use possible according to
changes in parts (ITEM)

Gripper

428

Sealing machines, coating machines,

P .
roces.smg marking machines, shredders, etc.
machine . - . .

- Engineering jig suitable for pickup
. - Product unloading positioning using
Li‘;ii‘d“ii/ STOPPER or ESCAPER devices
machineg - Product transfer using CHAIN, BELT &
FEEDING devices
Input/output - Fixing mechamsr'n for mp}lt/output
. - Product (or loading box) input and
machine .
discharge system
Logistic/ - In-process product input and
transportation discharge system
machine - Logistics system for product transfer

Vision systems, product recognition,
dimensional inspection equipment, metal
detectors, etc.

Product presence detection sensors
(proximity, photo, ultrasonic, vision)

Air blower, brush, vacuum, etc.

Control program through PLC, industrial
PC, embedded controller

Diagnostic device

Measurement
device
HACCP Device

S/W, 1/F - Industrial standard communication for
teaching path DB, user screen, and
equipment interlock

- Wired PLC for digital signal control
- Establishment of a system to check
Controller

pressurization force (pneumatic pressure,
pressurization force, etc.)

MES

Communication : Ethernet & RS232
Compatibility with sensors, grippers,
equipment, etc.

Smart factory

Control panel

High-resolution vision system
Application of 1 million pixel retrograde
vision system

Vision system

Conveyor system for product transfer and

C
onveyor loading

Automatic tray feeders and box feeders
for fully unmanned automation
Realization of completely unmanned
process through automatic 2-hour
supply device

Tray input device
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