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Abstract : The explosive growth of e-commerce, driven by the increasing demand for advanced last-mile services, such as
dawn and same-day delivery, necessitates the proliferation of Micro-Fulfillment Centers (MFCs) in South Korea. However,
current delivery robots face critical inefficiencies. For instance, their pedestrian legal status imposes speed limits on arterial
routes, significantly degrading logistics efficiency. Furthermore, the lack of high-volume loading capacity and flexible
maneuverability required for multi-order parcel delivery in high-density urban areas. Hence, this study proposed an innovative
autonomous mobility platform integrating a four-wheel independent steering (4 WIS) system and platooning technology to
resolve these structural issues. The proposal’s core novelty lies in its legal status switch strategy (pedestrian when single; vehicle
when in platoon), which, using the air resistance reduction effect of platooning, enables energy-efficient high-speed operation.
This MFC-optimized design provides a blueprint for efficient, unmanned last-mile delivery systems in complex environments.

Key words : Delivery robot(¥]'2 Z ), Four-wheel independent steering(4WIS,4 ¥ 5% %), Ultra-dense platooning
(=24 74 F9), Micro fulfillment center(MFC, v}o] L 2 ZH HE AlH), Legal status switch(*H 2 =] ¢] 71 §}), Last-
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Table | Maximum operating speed limits regulation for robots

in S.Korea
Robot weight range (kg) Max. operating speed limit (kmv/h)
Over 300~500 and under 5
Over 100~230 and under 10

100 and under 15
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Table 2 Delivery robots in pilot programs in S.Korea*!?
Model Nﬂ::’f Steering method
Dilly X2% 6 Front & rear independent steering
NEUBIE'? 4 Differential steering
GAEMI" 4 Differential steering
Mobin M3'? 4 Differential steering
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Fig. 4 Diagram of 4WIS Ackermann steering & pivot turn
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Fig. 9 Illustration of a scenario for last 50m delivery
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Fig. 10 Nlustration of a scenario for retuming to the MFC via
platooning
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Table 3 Technical specifications of commercial 8-inch hub
motors for personal mobility?2

Brand—-  |Max voltage & rated| Max. Max. Motor

model power SPD | RPM | KV
%ajomgg ~48 v & ~500 W m gﬁ Rty
I;(ng}z_s) 48 v & ~500 w 30 km/h R?]‘isi N/A
}:E?gl;;f; 48y & 400 w 35km/ ]1{_;,:;?1 N/A
‘;‘,’,“g‘é”wm‘g' g 112%01\?1 N

LN
2 3= 1592 rpmZHA FE A1 A 5 7190, 60 km/h
o1& L EREV|SHOZ AP UL
& < 9tk

DAL AL $8 G584 SHIANE $9E Al
T FsddEg LA o, Aol oW AFE Yo}
AP =VxI)ol=Z ] ZY A3l 93} WY &4
(I?R)°] 2314t} ol &= BE 7} %2 &8 Tl &
L HE5 5t AL & Frste Y4 Aotk

AF A E ASE FHY RS AS AP F
o] ¢k AL FFHA717] A8, 5 Al =5l 23]
A4 e AlF HAYUEE THstdok st ol &
S181A F71A AlE Al=dlg &%)

AL T 2E84S Fo17] 913 2E 9 A A
5 (Regenerative braking)S $H-83}4 oL #] 3]+ 3 A
EF Aol & 33} ol = A Al 5ol F
ZAEEE Al Al2=H ol

FRAE 14 &8 A P AlF ABAEE GHEn
HA 7 AR FF5A7]7] 98] £ F Bola
A 281 F2alo]of g}, 7] E9] B BE e 9 A
T2TE 9 22 PMA A ALRE 7)ol 3ol W ZE
=gugolay 3 HEH ] SWd t]23 v o|aE
FaEstd AL J e 1S AT F U ol A

758 E=RASAEUE =23 A4 AI7E, 2026

olBe Fr|= 3L T3 EYH ez =Y EL Ay
g 2HF 1714 9o}, s A g, Absdo] A B2l A Q)
& FolgA AFFAE A FAL F e PMIE= g
ol ujg 25 9] g 7|9 Aol Byo|aE
AE37] Yl M= ol & ZHEA 7] 7] Y@ =) Ao
A7} Dot €31, §B R % AFFA e} A48
A 5-& Al o] 8-S B <] Bgo] = Aloj &AA| 71 A] § BE
El2] 7)ol @30} AAsle]of d17]e) ¢ Ha}ar
H] & &4 Q] Al 2~"lo] & Zolt)h =, A 54 Aol 8 4
oJ A At sro] At T2 d 5 Alo| B F M} &4
Abol o] vl o] Foju} Al F& o] Al = g ¥ A] A
u, Al Eo] A2 E8lR g FAZF LA & dsd
ol&, 487} B A Al 3l A sk 4WIS AN F
A& dod 7teAdol AL d5E 5 i

ol &l dsl7] 98, 3 B 2 Sl Aty FAbH
#lo] Z(EPB) Uil & A &3 23 B o|a Al2¥lg
5314 28R AT FAZ AR o] AFA|2E
2,71 38 By F&g ¢ D t 23 Beo|a
A28 g2 o835}y, 7|Ee Al B0l £ £
st Bo|a AelHE, AAA F3} BHyola
(EPB)®] 215 2] & A &3 AAkA A w2 o) A5},
B o] I A AEle] B2l A 2Hg A2 o] ZAe] 3 2
W3 75 RE 7 HES g}

u

= o

DC Motor for EPB

and Cylindor

Fig. 12 Image of the structure of a rear caliper with EPB*
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Design Proposal for a Delivery Robot Mobility Platform for Last-Mile Applications with a Four-Wheel Independent Steering (4WIS) System

=== Wire for Electronic Brake Caliper
= wire for Hub-motor

Fig. 13 Designed hub-motor system for proposing delivery robot
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oo Ele| WM ER AZH o] 4742 TFAIZ=Ho] F]
2% T5EHE g 224 4WIS A 28 & Fig 149 &
o] tjARQla}t At

Fig. 14 Designed 4WIS system for proposing delivery robot
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ol 2 Ud AAE ©A 52 (Payload)S ] gk AHE-
& = 317]el 18] &4 A o 22 H7A & 5T 5 3
s A S 7 A g o] 3 vka g T 2l vl §-
T2 ZVNAGAFCHE 7HA 716 548 t &<l 1]
) Wt sls T A0 7 Qg oy A E&ol 9lof v
S HEEAYEL S Aok A T2 T 2l
ojA1 & U] Wol M2 FHEA s = = vjxE
F 9ol 3 F4 A 3 79 A 7N(Platooning effect) &
Fostste] F vz ARF S aRHor FAHd F
Ak o= Al Y Aol A g ZHo] vkAF Tl o
218 F7 AL A BARE T HE v X E 2E
ELMZ60mmo|NZE 2R AHE FATOEZN F
ZIAGoZRE & A A e SHL 7|0
F 7] wFolt}, o3 an FIAE2}Ee3] 9
2023 FA| & 3o TAD TH FYNA A3rA 2l
apdrol| w2 A 3) apeke] F77F F 3 2= g of v] A=
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e 7} A Zboll 77k FEld 5 P 2 A
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Assumed Model Parameters for Analysis

Width : §50mm
Length : B50mm
Height : 1100mm
Ground Clearance : 100mm
Wheel Tire Spec : 2000*50mm
Wheelbase [=Trackwidth) : 450mm
Weight : 160kg
Speed ! 60km/h (16.67m/s)
Space Between Robots - 60mm

Grousd Cisarance

Fig. 15 Diagram of assumed model parameters for analysis
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TEARH(Fron)d B7NAREH (Fpr)S ARSI F7
T H(Frora)?l NI F71 A F2] 7| A E B4R

T-E A (Fon)S EFolo| 8 A Aol wp22 2
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_ 1
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TN A (Fy) S H 29 AF w20l vl sl a1
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B =

Fair =
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1
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Individual Robots 2 X 3 Platoon

Fig. 16 Diagram of individual robots and platoon operation
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1= 2xN - 1 Platoon
(Diamond Platoon)

1 - ZxN Platoon
(Bullet Platoon)

Fig. 17 Diagram of diamond platoon and bullet platoon concept
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3
=2 (Fur - (Z)) + N - F,,; = 508.89N

Table 4 Analysis conditions for CFD analysis

Condition Value
Viscous model K-epsilon (2 eqn)
Speed (v) 16.67m/s (60 km/h)
Air density (p) 1225 kg/m? (constant)
.. . Object heading to X + axis
TR Upward Y + axis

X + 1.5 m (front), X —3 m (rear)

Boundary area size
. Y + 1 m (upper), 0.01m (ground)
(from end of the object) Z74+7.07m
Mesh level 03m
Number of iterations 500
Direction Vector (-1 0 0) of
F-total value Total Pressure [N]

Pathlines-value (color) Pressure - Dynamic Pressure

Fbu“el:‘plam on.total

9
=2 (Fy - (E)) 4+ N - F.op = 605.96N

AFH oz ol WAL $B T/ 5FS AL
Ao = gRlsta, FANA B F 7 W*J‘ﬂ-"-
FAZ EE2TE T3 A UEE ol B e
918 A2t f-A 3HCFD) $4& #sﬂa}?&t}.

Y z2ae oen g

r-[u:

2AE AR Aol 2k LA A& e a7bA Alo] 2o
atod AT,

Study Cases for CFD Analysis
Case 1. Mo Platoon Case 2. Grid Platoon
Case 3. Diamond Platoon Case 4. Bullet Platoon

Fig. 18 Study cases for CFD analysis
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Result of CFD Analysis

Casel
Froar: 234.84 N

Fair: 234.84 N
Ca:1.913

Case 2
Froral 1 529.21N

Fair: 88.20N
Cd:2158

Case 3
Froal: 392,25 N

Fair 1 65.38 N
Cd:1.586

Case 4
Froai 1 405.88 N
Fair: 57.98 N
Cd4:1.642

Fig. 19 Result of CFD analysis
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Fig. 20 Two docking mechanism for platoon operating robot
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Fig. 23 Review of the docking mechanism through modeling
under platooning conditions from top view
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Fig. 24 Modeling of standardized packaging for stacking structure
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Fig. 25 Package layout view of the proposed robot design
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Fig. 26 Cargo bay floor conveyor system structure of proposed
robot design
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Fig. 27 Package lifting mechanism for proposed robot design
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Fig. 28 Package retrieval process of the proposed robot design
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Fig. 29 ARGB based adaptive lighting scenario suitable for

omni-directional movement
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Fig. 30 Proposed delivery robot design for last mile delivery

Table 5 Specifications of the proposed delivery robot

Specification Value
W*D*H 650 * 650 * 1200 (mm)
Wheelbase 490 mm

Ground clearance 100 mm
Max. weight
(incl. package weight) ik
Max. package load 80kg
Max. speed
(Independent mode) 8 kmdy
Max. speed
(Platooning mode) S0kl
Operation method Autonomous operation
Sen Camera based Al Vision,
sors Ultrasonic sensor (backup)
Usage MFC-Based Last-Mile Logistics

EET77E 9% A9 S0} 1 ool 29
A2 FN 2R G AFL ND U FAY
UGEEED EREE BRECESE SEE S T
AR N U B ol AR B,

Fig. 31 Top of the proposed delivery robot design
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Design Proposal for a Delivery Robot Mobility Platform for Last-Mile Applications with a Four-Wheel Independent Steering (4WIS) System
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Fig. 32 Display usage examples in standalone driving and
platooning
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Fig. 33 Internal parts of the proposed delivery robot design
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