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Efficient Robotic System Design and Utilization Strategies
— A focus on logistics center case study

2B«

MoGeun Choi

=LEE

= e AR U9 WE| o] F 2]l 48|17} FA45] Tkl wt ERAE o] 2E el 355, S Al /1 i
A7 ek *J%% 7oz gt ofof| whe &5 AHEet glo] 7REShE AL 9lom, # A= T A Ve 84
2R A2 G2 HQ) A 9 B8 S AR o] 2 vl S Al AR A8, =R 7Y
Rl l% 1‘?_ =7 71E, 1A F8 =7 2R 71E0] 54 BRI oo, ARl 24 Fl = el =R <
el & st =3 =9l o] AR AT SHAIE mhetsalnt. A A9l =e Al2AL AT, POC 7|REHAZ A,
ZAVd 7L 2ea A 2R 9] T AT E AlTSiAln. 2R AIAER I 29 B84dE =0l
ofl R0l AL 1A%t 2F) o S Zstal 2ite] e Hekeh 4= Qlrt. TRl o2t S v R SRl
A7 2 Aol Aeket =5 AlaEle] A Bl Z-g et mEo] hsehe AARITH

it
Y

.2

FAHH: 25 22, AGV(Automated Guided Vehicle), AMR(Autonomous Mobile Robot), ASRS(Automated
Storage and Retrieval System), &% 2&, Q12X s(Al)
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GRAPH 1: Online Sales Penetration, 2017 - 2023

Online Penetration Rate (RHS)

KRW Trillion = Retail Sales =mm Online Sales

FOO 35%
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o 0%
2017 208 2019 2020 2021 2022 2023

*Online Retail excludes goods not associated with logistics facilities such as Travel, Transportation, Leisure, Culture, etc.

Source Savills Korea, Statistics Korea

Zt=: Savills(2024), 2024 Korea Logistics Market Outlook, Savills Research
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| Human position detected |

Reduce speed or initiate

| Increase speed }—» Robot controller safety-rated monitored stop
L Speed and stop according to human position ¥

[ Increase stop area }-— Robot area control according to human position '—{ Reduce stop area

B | i Non-safety functions

Robot safety :;fo::yro:_ler_tmmitors: | Safety functions
robot speed s imit, 3

safety-rated monitored stop and '—| Safety sensor for human detection |
allowed position

Protective stop is needed
also when person can enter
area, which is not monitored

Zt=&: Timo Malm, Timo Salmi, llari Marstio, and Jari Montonen(2019), Dynamic safety system for collaboration of
operators and industrial robots
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)2 Bl TL AlaRel MEshe ARl
. /\}Q_ H]—M;
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oS AT

7 94 %
3§ Qlmat 7 Fw ) A4 7 YEYAE T4 AN T dole 582 s

GPS(Global Positioning System): GPSi= QIF9/4olA $&ote ASE 7|Htes £ el £14
¢} ol ARE Ao R melsh= AlAdolt
o AR HRAL
o AP 9 A S I e F o] A Aete] mtofsiel B PA|gt
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=3tk
. AT BUE: A ofF 4R 4

i

YAroE BAste] 29 B H
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o A}e HRAL:
w doly 5 ¥ AA 2 IoT 7]7]0olA £ dlolHE See-tel st dAgtes &£
ARt
w 9F BYUEH: Fag 2R Ao 29 A4S 940= sty SAAJ] 2AE AT &
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Bluetooth %! LoRa: Bluetooth= 78] A3 74 F4l 7lez 717] 3t Hlo|HE w=A] AL,
LoRat= B72] A9 B4 7le=z 239 dolHE W2 ¥z Wddshke d AH8doh
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6) Wi-Fi: Wi-Fis 272 24 YEYAE Sa) golHE wer A4sia ey 988 4 9w
2 sj= 7%l

C ARG WA

2 7N Y Tl AW W 4 WY A2EE WicR UEQDs 958 A9 st
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AN Hele A AT gl L A AT dolEE F AMs Adste] 29 4
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33 27 19 10T Ar§ AH

(1) AAZE A2t 2GS, dlolele} AE Ea) o] et AHiE ANztos mUEHsld] A

@ ¥ BUEY: L%, 45 5 U0e AEY B 248 A5Hoz pejehd, oux] 4w B4
3 Aol so] 2gu|E Pelgict

(3) &4 71 F3 Tl AY TRHS P, Y AR IS &4 A
_]

<E 3)> Application of loT technologies in warehousing

Product/application Company Technology used Results

SmartLift: tracking the location of goods in Reduced storage costs, higher productivity and
the warehouse in real-time and the speed and Big Data, sensors, GPS efficiency and increased security of supplies and
direction of the forklift employees [16]

Swisslog
(Switzerland)

Smart systems installation in the energy
consumption of the warchouse, sensors

placed in the infrastructure of the warchouse OHL (SAD) Sensors, cloud Thc analysis of the co lected dat_a cna})]cs control
. S o technology of energy consumption, reduction of costs [16]
monitor and regulate the lighting ventilation
and heating level
Supply cha!n monitoring, temperature, chain GlobeTracker Wireless sensors, The company has. 1n§|ght into events inside .thc
compliance and visibility tracking, warchouse, increased income, increased efficiency
. . L (Denmark) Bluetooth, LoRa
refrigerated containers monitoring [17]
Improved work efficiency, speech communication
VoiceXtreme: real-time voice warchouse Soi . g leaves more room for manual handling and other
pica (Croatia) Wi-Fi, sensors . . =
management tasks, casier management of industrial facilities

[20]

Zt=: Dominika Crnjac Mili¢, Irena Dujmenovi¢, Marina Peko(2022), An Approach to the Application of the Internet of
Things in Logistics
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[27 2] Swisslog SmartLIFT Technology for Forklifts: &IA|ZF ZpAF

b 23 AR
SECTION RCH CES35. SHELFE

|mimuhﬂnmumllmmnlﬂﬁlﬂﬁ_mLlu

Forklift 17 @9
Driver: Smitch
Putaways: 27

lddbe Limme: 14%

Zt=: James Macaulay, Lauren Buckalew, & Gina Chung(2015), Internet of Things in logistics, DHL Trend Research Report
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o Aol Mgk W Bl die] BEE Al Aze wHoR ofbshs A9l B84
Hlg TR SLAMT 22 B3 7148 275k got 27] 59 9 84 Hlgo] vlag ug
B EEY 1F BY G FPe) B BEEE Fjetstul, AN ofF eld Fold A,

« AGVE] &4

ARRE 29 7FsSnE FAQ 4e FolA Aol Woid,
R TE 78ho R 255 ] 54 HoiS v} olgin, Ao Hoh

a4 25 1%

57 Ak W2 olF Fzek gete] AojE A Fo] daste] F7 8o el AlRME.

Az T 5AZ(2022), F2Y FAREE =2 8 FEO| 5712 s LMY=, 482 22|, YouTube,
https://mwww.youtube.com/watch?v=QULDFE3RF5U

[23! 4] Sorting AGV

Az T FAZ(2022), EF2Y FARIEE =24 o FEHO| 5712 M LMY=, 42 22|, YouTube,
https://www.youtube.com/watch?v=QULDFE3RF5U
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2) AMR(Autonomous Mobile Robot): AMR-2 B[ 9 LiIDAR®EFO|AH Al &4 AA)E &85l SLAM
(Simultaneous Localization and Mapping) 7]&2 Fafotn, 1JH A= glo] 8oz

o5 Az
S AHE o)F Rolch A4 o] WEAel 2 Ahold AHgEE, AUt FUG Bkl
A @ A4l 7Fsstct.
+ AMR] 37
= 52 994w 2 LDARS 89) SLAM 7142 SHo% Ang Basie], 34 4= go]
= 2] 4 T,
= 54 ol Bu): WARLOR oS WASKL A5iT 4 glo] 2 $ W] Z2 g ks
« 2] B7E Hek AGVELH O A2 B WA se, AAiet FY BN B0 2
7.

v ot 28 T = A I ofdet 9] BRI AF vl S8l SRt @elM #El.

+ AMRY] @4
. Eye

 E2 HE A AR Al Vlee *}35}71 141—‘?—011 27| =9 Hl8°] AGVEH &+

¥
A= LHO g 123| 2T LAE(2022), 35 izls SRS 2EHE AR

3) ASRS(Automated Storage and Retrieval System): ASRSE ZpFshd R 9 A AAgog HE
P Ee 1=y F2E 59 2Ee B AA, dEA] Asor 9
T Hybt Auet A ezt Best oA T2 ARGE

« ASRS9] &4
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She Qe AFIIT. AAAN S22 Qe ast FFe qlom, 14 Aot B AUE
£ a7Rit o =R} v ALl O& TRnE ARl tRt FEe 2710 4% AFE A
glotm, 14 2} oA oY AES FAlOl WS 5 Qs Zlse] A AidEHA o e
AFe] 5, 27, B A 5 chrek 240 Skl thgol Fisalt
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[22 7] Box handling2t Piece handling2| 2{0|&
Box handling Piece handling
De-Palletizing Palletizing Piece picking
.
7 |
S lume"
Same volume", Same volume", Difizlil'\ljtovirl?;néz)
Different volume® | Different volume®
Box and
Box Box 3
Irregular shape
Difficulty medium | Difficulty medium Difficulty high
YSame volume box: A box has same W x D x H with volume
IDifferent volume box: A box has different W x D x H with volume
INrregular shape: every other shape except box (Ex. Pouch, Sack, etc.)
b= 2

U, 9, 122, 22F, 4E2(2022), 25 FHitls SRUYY 2RHE AR
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Abstract

Efficient Robotic System Design and Utilization Strategies
— A focus on logistics center case study

MoGeun Choi

This study proposes efficient design and utilization strategies for robotic systems—one of the core technologies in logistics
automation—in response to the sharp increase in logistics volumes and worsening labor shortages in warehouse operations
following the surge in online shopping after the COVID—19 pandemic. The theoretical background covers an overview
of logistics systems, changes in warehouse types and trends, Al-powered logistics technologies, and the characteristics of
key logistics robots such as AGVs, AMRs, ASRS, and handling robots. Subsequently, case analyses compare successful and
unsuccessful implementations in domestic and international logistics centers to examine both the effectiveness and
limitations of robotic adoption. Strategic recommendations include vendor verification, POC-based validation, ROI-
driven cost—effectiveness analysis, and a phased framework for robot deployment. Robotic systems can enhance
productivity and operational efficiency while reducing the burden of repetitive and hazardous tasks and supporting human
workers, and also suggest the potential for designing and utilizing robotic systems optimized to improve warehouse working

environments.

Keywords: Logistics robots, AGV(Automated Guided Vehicle), AMR(Autonomous Mobile Robot),
ASRS(Automated Storage and Retrieval System), Handling robots, Artificial Intelligence(Al)
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