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On the Development of Robot-based Loading System
for Small and Medium-sized Sub-terminal Cargo
Loading and Establishment of Predictive Maintenance
Platform to Expand Product Marketability
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"Department of Systems Engineering, Ajou University
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Department of Logistics System and SCM, Ajou University

Recently, there have been changes in social structure, such as the development of information and
communication technology, dual incomes, aging, and the increase in single-person households.
Accordingly, the logistics industry is changing from a traditional logistics industry to a household
logistics industry in the form of small parcels focusing on household goods and early morning
delivery. The expansion of the logistics industry can increase people’s quality of life, but for those
working in the logistics industry, it can lead to excessive workload and a decrease in quality of life.
In addition, loading and unloading work during the logistics process is concentrated at dawn and at
night, which can result in reduced work productivity and the risk of safety accidents. Therefore, in
this study, we developed cargo loading automation robot system technology for the purpose of
improving the efficiency of cargo loading work in small and medium-sized sub-terminals, and
conducted for research establish a predictive maintenance platform as a way to expand the

marketability of the developed technology and products.

Keywards. Logistics system, Robot-based loading system, Medium-sized sub-terminal, Cargo loading,

Predictive maintenance
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Figure 1. Domestic parcel delivery volume trend
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Figure 2. Concept of robot-based loading system technology
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Table 1. Results of technology standardization analysis in the logistics robot

Type Contents

= Specifies requirements and guidelines for safety design, protective measures, and usage
information for personal assistance robots such as mobile companion robots, body assistive

ISO 13482 robots, and ride-on robots.

= Describes the hazards associated with the use of the robot and provides requirements for
eliminating or reducing the risk due to these hazards to an acceptable level.

= Specifies requirements and guidelines for unique safety design, protective measures and

ISO 10218-1 , i , .
information for the use of industrial robots.
= Describes the safety requirements for industrial robots and robot system integration and
industrial robot cells defined in ISO 10218-1.
I1SO 10218-2

= Describe the primary hazards and hazardous situations identified and provide requirements

for eliminating or appropriately reducing the risks associated with these hazards.
= Specifies safety requirements for collaborative industrial robot systems and work

environments and complements the requirements and guidance for the operation of

ISO TS 15066 collaborative industrial robots provided in ISO 10218-1 and 1SO 10218-2.

= [SO/TS 15066:2016 applies to industrial robotic systems described in ISO 10218-1 and ISO
10218-2 and does not apply to non-industrial robots.
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1. Necessity of developing small and medium-sized
subterminal cargo loading robot system technology

2. Define the problem through analysis of related

4. Perform verification to determine whether the initial
goal has been achieved

technologies and previous research

5. Describe the conclusions of this paper. including its
. limitations and future research directions.
3. Development of robot-based loading system
technology and predictive maintenance platform

Figure 3. Research procedure
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Table 2. Results of technology standardization analysis in the logistics industry
Type Contents

Type of system - . .
o = 2.5-ton small truck-type logistics delivery vehicle
application target

Type of cargo = Shape suitable for loading end effector and cargo transfer

Loading efficiency »= Load more than 4 cargoes per minute

Operating mode i . L . .
i = Semi-autonomous vehicle cargo bay entry and direction adjustment function
(Semi-autonomous)

Operating mode = Efficient loading automation according to cargo size, shape, weight, etc.
(Autonomous) = Automation of image-based environmental information acquisition and loading support
Control method = Network-based integrated control system

Usability verification | = Verification of usability through verification
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Figure 5. Development of end effector for loading various tvpes of irregular cargo
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Figure 6. Conceptual diagram of Long Short-Term Memory
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Table 3. Results of technology standardization analysis in the logistics industry
Classification Function Contents
Data request per | = Equipment data generation through batch scheduler
minute = Data request with RabbitMQ
. = Receive data with RabbitMQ SW
Generate Receive Data ) . )
, » Storing data in Redis SW (InMemory)
equipment -
data Save data per » Equipment Snapshot request via Batch Scheduler
minute = Save requested Snapshot data to DB
Data merge per | = Data requests per minute per equipment stored in DB
hour = Data per minute — Save to DB after converting hour data
Request notice » notice request through API from algorithm server
data * qotice request through RabbitMQ SW
Generate Receive notice = Receiving notices via Web Socket
notice data data = After receiving an notice, it is stored in the notice history DB
Received notice | = Receive notice message via Web Socket
web service = Received notice message displayed on the web main screen
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Figure 7. Platform architecture of predictive maintenance
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Figure 8. Robot-based Loading System Technologyv
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Table 4. Verification Testing and Performance

Test Performance contents
= Telescopic conveyor transport load test = Carrying load over 30kg/m
» Telescopic and rotating conveyors = Standard for up/down angles of +=5° or more
Left/right/up/down rotation angle test = Left/right angle £10° or higher

= (Cargo loading speed is 4 or more per minute.

= End effector loading speed and allowable weight test . .
= The allowable weight is 10 kg or more.

= Left/right/up/down angles must be +10° or more each.

= End effectors Remote operation test o ]
= (riteria for a success rate of 95% or higher

Figure 9. Convevyor carryving load test (Sample)
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(LSTM2) C:\LSTM\py=>python DataPrediction.py
WARNING:tensorflow:From C:\Users\SWH\anaconda3\envs\LSTM2\1lib\s
ble_scope) is deprecated and will be removed in a future versio
Instructions for updating:

non-resource variables are not supported in the long term
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ations.
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Tes~rr<nttp.client.HTTPResponse object %-2:200002D2ISCEADLQ>

Figure 11. Verification of predictive maintenance (Sample)
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Heta 52 g4 oARE AAH R Hrisin. AILEEs 258 AT WFel AR A=E &
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Table 5. Objective achievement checklist assessment
Contents Yes/No

* [s it possible to operate the loading system within the vehicle? Yes

* [s it possible to load cargo within the vehicle and use a gripper? Yes

» [s it easy to load boxes on a pallet in a vehicle? Yes

= Does the amount of box loading in the vehicle reach the standard loading capacity? Yes

= s it possible to install a conveyor belt from the outside of the vehicle to the inside of the vehicle? Yes

= Is the overall operation of the loading system smooth? Yes

= Does the conveyor transfer speed for each delivery box reach the standard speed? Yes

*= Does the loading system perform more smoothly than the existing system? Yes

»= Is the use of the loading system more effective in terms of manpower and work time compared Yes

to the existing system?
= s it possible to collect data from the predictive maintenance platform? Yes
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