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On the Development of Robot-based Loading Automation
Systems Operation Concepts and Requirements for
Logistics Efficiency of Sub-terminals

Sangmin Lee', Youngmin Kim'f

'Department of Systems Engineering, Ajou University

Globally, the increase in personal income and the advancement of economic structure have
developed lastmile-based logistics ecosystem centered on online e-commerce markets. The
development of the logistics industry has led to overcrowding of logistics, which increases the
volume of freights in urban areas. In order to product delivery work, the courier is essential to load
the freight on the cargo truck. In unloading or classification step, it is proceed to the automation
logistics equipment like the conveyer belt. However, the work efficiency due to labor overload is
decreasing because the automation system isn’t applied in the case of loading. Small-scale courier
companies perform loading and unloading at night in underdeveloped facilities outside the city
center. Therefore, the productivity of the work is lowered and the risk of safety accidents is
exposed. In this paper, we propose the operational concept and requirements of robot-based loading
automation system to ensure the efficient handling of the increased freight volume nationwide and
the work safety of courier drivers. The end effector technology enhancing the freight loading
efficiency of the physical distribution sub terminal is analyzed. Finally, design inputs of the robotic

conveyor-based automation system are developed to control the final loading position.
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Figure 1. Logistics Accidents Statistics Status, 2020
(Reference : (Left)Korea Integrated Logistics Association, 2020, (Right)Ministry of Land,

Infrastructure and Transport, Korea, 2020)
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End Effector (Grippen

End Effector Conveyor

Robot-based Loading System Rotary Conveyor

Construction Conveyor
Cargo Information
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: Loading Status Information

. i

+ Cargo Loading Speed : 36EA/min

Cargo Information
Automatic Cognition

Loading System Fixed Part

Figure 3. Robot-based Loading System’s Operation Concept

* Cargo Weight : 15kg ~ 3bkg
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A AAEA S AT FakeA, AAsE AR A4 daglFe] £E AFAS 7IRE AR LZES o7}
FTEHEolok gt A} AFE Alxdols FUE 32 34H FAE dslokst, AAeA AAS
53] ol dEsle] AAE sl AFE AKol| @ FES HA | oFdt) o] E ¢8| Table 13
2ol i tiY &8V AAME T3 BA Aol et Huolo], stEF HAXA 2E o] WAE ok
s, WhAg B AE, £F 5 FAALE Ao7sH sHE B REES] A3 48 AT AdAAAA
of AAAAMAME FAF o oF Fhrt. ], FFES] uAoly A S fal wolE 7Rk gAY Vs
TEEofoF 3t}

Table 1. Robot-based Loading System Operation Concept and Functions
No Sub-system Concept and Function
- Final end effector for loading the transferred courier cargo in a
End Effector designated position
- Structure Application for Loading of Various Types of Cargo
End End Effector - Final conveyor for delivering to the end effector

1 Effector Convevor - It comprises with the rotation type for the exact loading
Y - Gravity compensation function offer

Loading State
Confirmation
Imaging Device

- The apparatus for on a real time basis confirming the
information of the cargo loaded in the vehicles

- Conveyor connected to the end effector

2 Rotaty Conveyor - Configure to rotation form for correct location selection
3 Construction Convevor - According to the vehicle depth and height, it comprises with
4 the vertical height control form in order to control height
4 Loading System Fixed Part - Fixing unit for fixing the construction conveyor, the rotary
conveyor, and the end effector
Image-based - Cargo information recognition based on image (barcode and
Recognition image)
Device - Ordering for Destructive Cargo and Load Optimization
Cargo . . . .
5 Recognition Construction - Freight transfer conveyor for the image-based cargo information
system Convevor recognizer application
Y - Margin adjustments for recognition and loading planning
A - Ordering for Damage or Optimization after Passing an
Cargo Distributor Image-based Cargo Information Recognition Machine

- Loading order control based on the weight, delivery distance,

6 Sequential/Path Divider and shape of the stored cargo for optimization of cargo loading
- Semi-autonomous based loading System Location Control
7 Loading System Controller - Control of the operating mode of the loading system such as
autonomous/passive
g Hazard Detection Sensor - Risk detection such as cargo engagement, impact occurrence,

and worker stenosis
9 Fault Detection Sensor - Checking the failure of major parts

- Manage parts production and use history
- Maintenance history management of parts

10 Predictive Maintenance
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Figure 5. Loading Process
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Table 2. Robot-based Loading System’s Cognition Algorithm and Operation System

No Sub-system Concept and Function
- Checking the loading waiting cargo information
C . L associated with the barcode and QR code
argo Information Recognition . . .
- Loading management system interworking for
confirming loaded load information
ReCOgmtloél of Damage through | _ Al-based cargo damage recognition algorithm
) argo Image
ég(efslil(l)% Loading State Image Analysis | - Algorithm for loading state analysis based on Al
1 ’ : :
Makin Cargo Loading Optimal . e . .
Syste H% Arrangement Al-based optimization loading layout algorithm
- Identification of cargo loading based on image
information and loading status
Loading Decision Making - Cargo processing in conjunction with an end
effector and a cargo dispenser based on
identification information
- Inquiry of information-based cargo information
acquired through a cargo information recognizer
Cargo Information Inquiry - Providing planning-based information for optimal
arrangement of cargo loading, such as cargo
. delivery location, weight, etc.
roadine Provide vehicle allocati d
2 Management . . . - Provide vehicle allocation cargo and cargo
Sysgtem Allocation Information Inquiry delivery location information
- Monitoring the progress of vehicle allocation
cargo
Loading system Monitoring - Loading system state monitoring
- Loading system control for hazard and fault
detection

Table 3. Loading System’s Recognition Algorithm Step and Structure

No Algorithm Step and Structure

1 - Measurement of the Weight, Volume, State and Moving Distance of Cargo

2 | - Recognition information-based simulation result derivation

3 - Calculation of Cargo Loading Zones based on Distributed Vehicles and Local Information
4 | - Optimal cargo loading way point derivation

TR ABEEEY 4 S Vvte s AAE =5 7V AR AF 3 A28 Table 13 Table 291 4]
A% 71%5& EUE Figure 69} 2] 25t0)3F 428 Ef o HASH =S A UG 22 719 A =
53 AaEle G 2 ¢SS 7ute g eI HAAFS sty HZH e sHE A} 4 &
E8E B EE FA kT sE EAS wYste] AA 47 AR Y] Wil $&9] sHES ]
A2 g e t71EYE A Eo ok 3ttt A £A47F AdE e 352 35 P4 (Pivot Wheel Sorter)
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2 AU L A, = AAE Qs WA AA shE JAATIES VIR AA £A4FE AAs L, $AE
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AAZY gz o]Fd AAE FLNA 2GS dAsE T B84 dHFS Eol=t o7t Ao

= Robot-based Loading System’s Design /—‘z——

Loading Decision
System

"
e
Cargo Information
(Shape and Weight)
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,#

Cargo Information Automatic Recognition System and Algorithm Sorter Module

Figure 6. Robot-based Loading System’s Integration Model

_7‘]_



Table 4. Loading System’s

Design Requirements

No Sub-System Design Requirements

1 - End-Effector(Gripper) + Conveyor - Efficient multi-type atypical cargo loading

2 |7 geglgigelnformatlon Autonomous Recognition - Realtime cargo recognition and status check

3 | - Large Classification Sorter Module ) Egzggl cargo collection and loading order

4 | - Loading Decision Making System ) gargo loading and loading location
etermination

5 - Loading Management System - Dispatch vehicle, cargo management and
scheduling

6 | - Al-based Object Recognition Algorithm - Image-based loading and loading space

recognition

Y f I
Conveyor " =
InfoC:nrga{:ion Robotics-Loading Controller [ LTn{umamd“g — ’ Se&:;:tﬁl ] WEmEsIEET
(Barcode/OR) Decision System
i ' B e Y
Cargo > ' End Cargo
pr + CargoWeight : 15kg ~ 35kg I ion C £ Rotary E Effector St
= - + Cargo Loading Speed : 36EA/min Automated Conveyor ~ | Conveyor | & orage
e Recognition 2 #| Conveyor Unit
. -~ S N . & 4
L Robotics-Loading Loading » "
(slh';fgg;v?/:?gm) Management System System Sensing Unit
Fixed Unit

Loading Status Image Information (3D-Vision/etc.)

>_

Robotics Convergence
Cargo Loading Automation System

Figure 7. Robot-based Loading System’s Operational Scenario
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