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This study focuses on the development of a Last-Mile delivery service using unmanned vehicles to deliver goods directly
to the end consumer utilizing drones to perform autonomous delivery missions and an image-based precision landing algorithm
for handoff to a robot in an intermediate facility. As the logistics market continues to grow rapidly, parcel volumes increase
exponentially each year. However, due to low delivery fees, the workload of delivery personnel is increasing, resulting in a
decrease in the quality of delivery services. To address this issue, the research team conducted a study on a Last-Mile delivery
service using unmanned vehicles and conducted research on the necessary technologies for drone-based goods transportation in
this paper. The flight scenario begins with the drone carrying the goods from a pickup location to the rooftop of a building
where the final delivery destination is located. There is a handoff facility on the rooftop of the building, and a marker on the
roof must be accurately landed upon. The mission is complete once the goods are delivered and the drone returns to its original
location. The research team developed a mission planning algorithm to perform the above scenario automatically and constructed
an algorithm to recognize the marker through a camera sensor and achieve a precision landing. The performance of the developed
system has been verified through multiple trial operations within ETRI.
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<Figure 1> Hardware Configuration of the Delivery Drone.
(A) 3-D Rendering Image of the Drone, (B)
The Side View of the Drone and Main
Component for Autonomous Operation

<Table 1> Specification of the Delivery Drone

Items Value
Max. Take-off Weight 22[kg]
Max. Flight Time 21[min]
Delivery Payload 5[kg]
Wind Endurance 10[m/s]
Size 1810x1810x680[mm]
Prop. Size 22.4x8[in]
Motor & ESC 170[KV] 60[A]
Battery Li-Po 12S 16,000[mAh]
aelan B2 sl B A =2 el =
FLAAY 5 YRS 194 olPe| o T4 9
o AAY o BEo Fad & QA FAH 9
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<Figure 2> Cargo Box Installed under the Delivery Drone. (A)
The Parcel is loaded in the Cargo Box. (B) The
Parcel is unloaded from the Cargo Box

22 2ZEQN 4

Hld =20 gAdE AZEYolE BE wW$S 98
g RS Fdet S Fmeh Bt gl =2e A
o]& 4 9= Mission Planner’} Q1 =28 RUE Y35}
L HjE I vl we gEE WE g e
Ground Control System#} 5413}7] 91t Comm Node, 1

g st et R R S0l
A2 B &= Marker Detection®E 415 o] itk

Hanseob Lee - Hoon Jung

T 2o] g% NVIDIA Xavier NX°+ Ubuntu 20.04 LTS
7} A o] QAL A Eg|o] darE]E2 ROS Noetic $Hd0l
A NEER S 2R dole C++& ARSI

AZEG S opF|EH e HAAHQ] Holy EF T
<Figure 3> Y2 73} 2t} WA Mission Planners 37|
A 7HA] ago® FAE] glon =EES 9o net
State 352 41}0}# State Flow, GCSZ5-H w24 Array
S Woks uf vl dFZ HESIAY SRR Solee

B A, v o -8 A4Sk Mission Manager,
GCSEHH uj& A& 8l o8 7hA] v s WS v

A2 ArrayE #2]8l= Command, FCC(Flight Control
Computer) ZHH =& State S ¢ H|o| Ed}= State Update,
RO w2 ANk A5 918 nhr] B4 Gargsow

2] v}71e] ofu]A] W YA E Wely =ee A4 AnE
=3 vl 9R= AXFsk= Marker Localization 252 74
wo] gt

Ay oty rr =
o
N
N
X
o |r

GCS=H-H %ﬂ%—l‘nl% HEHEL A%, 7
(Above Mean Sea Level, AMSL) Al ARE X&s}a th

Mission Planner

Comm Node

State Flow

1. Take-Off

2. Landing

3. Waypoint Flight
4. Hovering

Mission Manager

Mission Generation
Delivery Mission
Reverse Mission

Emergency Mission

Waypoint Management
Command

Emergency Command
Operation Start
& Mission Status

Stop
Command Drone Status
Emergency Land .

Return Home Waypoint Management

Waypoint Update Emergency Stop

Emergency Land

State Update
Global Position [Lat,Lon,Hgt]
Current Attitude (¢, 6, ¥
Global Velocity [u, v, w]

Mission State

Flight Control Computer I

UART

Marker Localization

Calibration Parameter

Rotation Matrix

Ground Control System

Relative Marker Position

Image Position

Sensors Marker Detection

1D LiDAR

Sensor

o
T ——

1000 landin :nd mages tra

+ A - @

<Figure 3> Software System Architecture and Data Flow Chart
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<Figure 4> The Flow Chart of the Last-Mile Delivery Mission using UAV
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<LandingMission(P, C')

cmd

init : P,C
Liy < P.position( )
if flagDetection then
L < GeoLocation(P,C)
Ly, < L
else
L < Lmzp
end if
Vewa <— Guidance(L,P)
Return V.4
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