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On the Path Generation Algorithm for AGV and
Design of Integrated Control System for Urban
Railway Logistics System
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Due to the revitalization of the e-commerce market and the development of Internet communication
technology, the demand for logistics is increasing worldwide. Due to the increase in logistics
demand, the inflow of cargo trucks in large cities has increased, causing traffic congestion and air
environment pollution. We presented an urban railway logistics system to solve these problems. The
urban railway logistics system is a new concept including vertical/horizontal transport devices for
logistics. In this study, a system for integrated control of the vertical/horizontal transportation device
of the urban railway logistics system was proposed. In addition, route generation research for
logistics automation was conducted by using the Automated Guided Vehicle as a horizontal transfer
device. The integrated control system derived as a result of this study can contribute to the

operational reliability and stability of the urban railway logistics system.

Keywards: Urban Railway Logistics System, Integrated Control System, Route Generation, Automated
Guided Vehicle, Logistics Automation
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2 HoAe AR EF A2 FA /530544 FEHRAANLE AAE T APYAT 4
F3tF . o] 83 5& AGV(Automated Guided Vehicle) 12| ©@9]¢] Alojol] 7w+ &3} Ejn
S 18 A5

o] AGV Al2®l &9 Wt AFE $5F A Th(Lee et al, 2003). £ ATE AGVE] A4HA
Elnjde] 725 AAsta, &3 FA8E 93 1= 7uke] Alo] WAe At HFH L
A @A FARE e @ A, 29 A ] T4 Q] Sold AlEdE el S8 JNEsk T
U TS AR S} v Ao E o] &3 AAA AGVE] FA S ATE +ASATHKIm et al., 2009). &
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A5 vtgo 2 HA| Ao 9 vlE AE o]&3 FA 7| E AASAY. A A, AEY A

ARE AR AA F8 A2 Hol B LAV} 87.77mmE VA= AL E EEZHUT S5
$—’§— A3 AGVY F3 Ao Y AFE T3 AT (Woo et al, 2010). & =4 Zﬂ Qk
APE ZHE S dm ARHFH A FY Fo ZHE 319 AYGS FHG}EE 53
| o o] g9 AUEE BAsATH 43 A, %iﬂlE st Al Z® A e A A
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o] AAME AZT 2 AGV Aojo ARG £ T3 kA S UYEHE Aolgte AES =E31%
=
AE AN AEE dAATFNA, 23] 52 AR(Augmented Reality) 7]19He] S74d A T 1 WH]A o]
A 9§ 7ol A Dijkstra Algorithm 218 A5 3 83 2™ (Jeong and Lee, 2017), 3 Z 3 %‘% E AlA
9} Dijkstra Algorithm< ©]-8&3F 239 AW FP3 7d AFoA HADAY dagFe F
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T 758 Be 499 &5 /1R FUHAH 5E4E& 123t Dijkstra 18] ES AASIATH B AT A
Z&etaat st FHO|FAAE 7€ AGVE SEed E587] B =2 SAEY =94 4l
Al ANFRE A=A, ddE AT AAR F Ao AA 71H, A2 A4 Bt 5o Bl
AEHNY. AE 23, & AFolA Z&staa st FHolSA s =dd &4, S 5A A= 7
dog AMNEE 7IAZA 7] Wi, F= g td A vlae Adoen, F&3kstr] Al
AzrEE AGYV el A4 ARl tid AgE &St B dFelAe AE A48l Dijkstra
Algorithme #8353 om, =2 Q14 AZdo] 2 QR WAe F= A2 ke Adsdth

2 =2 18 ARA T 7lso] o r % o)A W= AR B435e &7 AR 8 SUHE
AFstH, ol W& AR A H& Aol thste], B Ao v B daAS VIEstdn =3, E =l
A gSA o ® ettt FHo| SR o F3 Alo] A VW, AR A4 Wt o #F A Bd
APAT A4S FPFAT 2B A= EAEE =7 Alz" tig /g ol& At e +3/F
HolEAA o g A4 7lse =E3IAT 3FNME FEAAA =] 7231 9 s BYE B,
TEHAA 2 Y HukAQl Ade A, FHBAAA LY 8o A AEHo] 2 AgS s
At EAEE 7 A2RE SEd 25879 AZE FHFAAY = F 7ol HA Tlse
2 E27E F AN & FHoNERA Y A2V A2 AHHA & BF, EAEE =7 A" 3=
5 7Tl AvHor g & vk wehA, FREolEAA ] A= A dugE dTe WA Vs
2 £7E g Avh mEbA, 43 s FHOlSAA FE AL dagFe] 4 849 FHoERA
ol £ AF, AA A" A, A= Afe] A FEE Vlestdn. viATe R, 5l E EAEE
=7 A2EY 2/ FHo|$4A] THHAAAILE BA S} FHol$HAA] AR Y dugE: AT I U
&< AYsidlen, 5, & A7 W&ol A= s Vlesit ® =82 EAEE EF A2
=& ag F2 /R EAR ] FHFAAAN 2R Aot FHo|ERA ] A Y duYgF: AT
£ o2 FYHJY. <Figure 1> # =& 74 2 AN £55 =AIEH
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Suggestion of the background and necessity of research

Analysis related previous related studies

Suggestion of the structure and flow of research

Structuralization and Functional Definition of Prediction of the speed of the horizontal
Integrated Control System transfer device

Derivation of the Interface of the Integrated Detailed design of selection plans /
Control System path generation

Figure 1 : Structure and flow of research
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Table 1. Function of vertical transfer device

No Key function Contents
1 Vertical drive - Vertical operation for vertical interlayer transfer of horizontal transport
function - Operates via power from the drive, maximum speed of 1.0 m/s
- Transfer plate function for vertical interlayer transfer of horizontal
Cargo transfer )
2 function tran§fer unit . . .
- Maximum speed of the drive for interlayer transfer is 1.0 m/s
- Ability to supply power to the drive unit and each unit for vertical
3 Power control transfer
function - Ability to control the electrical energy connected to the power system
for the operation of the device
Load support - Structural performance features designed to withstand loads generated
4 ; o > :
function by vertical interlayer transfer of horizontal transfer devices
. - Control functions of vertical transport devices and functions
5 Equ1pmenti - Equipment control panel with actual equipment control in addition to
control function . .
remote control is required
- Transmission and reception of information required to vertically transfer
horizontal transfer devices between floors
6 Communication | - Entry order, destination (floor) information, etc. of horizontal transport
function devices
- Ability to transmit status information and receive relevant information
from the vertical transport device
7 Recognition - Ability to locate mounting when transferring horizontal transport
function vertically between floors
3 Guideline - Ability to guide the boarding path for horizontal transport to be brought
function into the vertical transport
- Function of securing the horizontal transport on the transport plate of
Horizontal the vertical transport device so that it does not deviate
9 Transfer Device | - Function of preventing the horizontal transfer device from being
Binding Function dislodged is binding upon boarding the horizontal transfer device, and
the binding must be released upon disembarkation
- Ability to stop the vertical transfer device urgently with the emergency
10 Emergency stop stop button located at the entrance of the unit if it is abnormal or if
function an emergency stop is required
- Emergency stop buttons are located in the upper and lower entrances
Operation display | Function of displaying the operation of the device through a visual
11 . display(SCREEN) or indicator at the upper and lower input ports of the
function . .
vertical transfer device
- Function to facilitate smooth movement of horizontal transport device
12 Connection when entering and exiting vertical transport device
function - Automatic or fixed application to assist horizontal transfer device
movement
THolEAA Y] ForEeS 127HAE =AY FHOEZA = FHARY o]F W v F=E0]
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Table 2. Function of vertical transfer device

No Key function Contents
- Horizontal operation for moving to a destination and carrying
1 Vertical drive standard cargo containers containing multiple cargoes
function - Power of the drive and the ability to move forward, reverse and
rotate through the four wheels
9 Cargo transfer | - Ability to transport standard cargo containers containing multiple
function cargoes to the destination
- Ability to supply power to the drive unit and each unit for horizontal
3 Power control transfer
function - Ability to control the electrical energy charged in its own battery for
the operation of the unit
4 Load support - Structural performance features designed to withstand heavy loads to
function transport standard containers containing a large number of cargoes
Equipment - Control functions of horizontal transport devices and functions
5 auip . - In addition to remote control, equipment control function that allows
control function . . .
actual equipment control is required
- Ability to transmit and receive information necessary to transport
6 Communication standard containers containing multiple cargoes
function - Ability to transmit status information and receive relevant information
from the horizontal transport device
. - Horizontal transfer device carrying standard cargo containers
Recognition . . .
7 function containing a large number of cargoes is capable of recognizing
guidelines on the floor to move to a designated destination
. - Function of fastening and securing the standard container for freight
Rolltainer . .
8 binding function transport containing 500 kg of cargo to the horizontal transport
device so that it does not deviate during transport
- Horizontal transfer on a rotary transfer plate or freight train of a
vertical transfer device
9 Train binding - Ability to hold the device so that it does not deviate
function - Function of preventing the horizontal transfer device from being
dislodged is binding upon boarding the horizontal transfer device, and
the binding must be released upon disembarkation
- Function of stopping the horizontal transfer device urgently with the
Emergenc emergency stop button located on the surface of the device when
10 gency the operation of the horizontal transfer device is abnormal or
stop function . .
emergency stop is required
- Emergency stop buttons are located one per unit or per surface
. . - Ability to display relevant information through a display or indicator
Operation display . . . . . .
11 . that visually displays the operation of the device during horizontal
function . .
transfer of the horizontal transfer device
- Function of lifting the standard cargo container on the ground
12 Lifting function through its own lifting function to prevent movement problems due

to the support of the container when transferring the standard cargo
container of the horizontal transport device
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Table 3. Deriving the specificity of vertical/horizontal transfer device development

for urban railway logistics system

Functional Specificity

Technical specificity

Environmental specificity

Raise and lower transfer must
be possible

Control and control of the
device’s up and down transfer
shall be possible

Must be installed in a space
within a limited station

Vertical/horizontal transport
device must be fixed when
transported

Vertically/horizontally transport
device must be capable of
recognizing boarding and

controlling the binding function

Should not be affected by
vibrations generated by train
transfers in stations

Weight of the cargo, the
standard container for freight
transport, and the
vertical/horizontal transport
device must be all covered

Device control linked to entry
and boarding of
vertical/horizontal transport
devices shall be possible

Designed and installed to
avoid structural strain on the
installation environment

Multiple vertical/horizontal
transfer devices must be
transported in either
ascending or descending
direction

Information related to the
location of the
vertical/horizontal transfer
device must be transmitted
and received

Noise and vibration should be
minimized when transporting
vertical/horizontal transport

devices

Position of the
vertical/horizontal transport
device to be transferred shall
be recognized

Radio control and control
through the control system
shall be possible

Impact of operating the
device should be minimized
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Operating system
Integrated control Integrated control
system #1 system #2

_____________________________________________________________________________

Wireless Internet

( Rolltainer #1-1 H HOI"IZO;:?!I EEE 1 ( HOI‘IZO;;a_!I EEE H Rolltainer #2-1 1

. . . .
° — . ° ° ° ° — °
[ ] [ ] [ ] [ ]

Riltne: 710 Horizontal device Horizontal device Boltaine: #2-n
#1-n #2-n

Figure 2. Configuration diagram of operating system and integrated control systems
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Table 4. Integrated control systems structure and requirements

Classification Contents

- Process periodic updates of data received by the control
Control Server Monitoring Handler server
- Updated data is visualized in the Ul (User Interface)

- Forward horizontal transfer device control messages
Horizontal Transfer Device Control through the control server

Message Handler - Run control of horizontal transfer device
- Processing of real-time control messages through AMQP

- Communicate information through location markers

Rolltainer Position/QR Recognizer (OR codes)
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Hardware

Operating System Device System

APl Processor

Control Message Handler Monitoring Handler Recognizer

I
I
I
I
I
I
I
I
]
I System HAL / Graphic HAL
|
I
I
I
I
I
I
I
I
1
I
I

[ Horizontal Transfer Device } [ Integrated Control System }

)

Rolltainer Position/QR }

Figure 3. Vertical/horizontal transfer device control monitoring and architecture
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Operating System AP| Handler Web/App Interface Handler

Horizontal Vertical/horizont
al transfer Other

UEireisy De\_/lce Device status Management
Move Routing . -
information Handlers
Handler
processor

Rolltainer /
Horizontal
Transfer Device
Connection
Handler

AMQP Processor

Figure 4. Configuring the integrated control systems interface
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Horizontal Transfer Device Selection Plan
¥
Horizontal Transfer Device Binding Path Plan
'
Standby Point Selection Plan
v
Route to Standby Point Plan

Boarding Priority Plan

Standard Rolltainer Boarding Path Plan

Avoidance Paths in Response to Unexpected Situations Plan

Figure 5. Flow of route planning used in the loading and boarding process

( Disembarkation Routes Plan ]
¥

[ Charging Point Selection Plan

Horizontal Transport Standby Path Plan

Figure 6. Flow of drop-off process route plan

A, g 9 A Z2Al A FHEE A8 AAHe T <Table 5>9 2t

Table 5. List of plans in the loading, boarding and unloading processes

Establishment Plan Contents

- Plan to select horizontal transfer devices to be

Horizontal Transfer Device Selection Plan ) .
engaged when a new cargo container is introduced

- Path planning for horizontal transfer device movement
in accordance with the tightening direction of cargo
container

Horizontal Transfer Device Binding
Path Plan

- Plan to select a point at which horizontal transfer
devices engaged with a cargo container and loaded
with cargo will wait in the vehicle base before
boarding the train

Standby Point Selection Plan

- Route planning for moving horizontal transport to

Route to Standby Point Plan selected waiting points

- Ranking plan to determine the order in which a train

Boarding Priority Plan travels to the destination of a freight container arrives
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- Train boarding route plan to ensure that the train

Standard Rolltainer Boarding Path Plan arrives at a fixed rank and to complete its boarding
quickly

- Path planning to achieve the original goal in
accordance with the changed circumstances, if various
unexpected situations occur during the movement of
the horizontal transfer device, do not follow the
original travel plan

- Planning the horizontal transfer device movement path
after the train arrives and when getting off

- Plan to select the point at which the horizontal
transfer device will stand by and be charged after the
horizontal transfer device and the freight container
are disengaged

- Path planning for horizontal transport device to the
selected low point

Avoidance Paths in Response
to Unexpected Situations Plan

Disembarkation Routes Plan

Charging Point Selection Plan

Horizontal Transport Standby Path Plan
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Table 6. Requirements by algorithms

Algorithms Requirements
- Distance between horizontal transfer unit and standard container
Horizontal feed supplies, plan |- Amount of battery remaining on the horizontal transfer device
selection of algorithms - Fragmentation level of space predicted when using the point
- Distance traveled to the waiting point
Holding area for planning - Fragmentation level of space predicted when using the point
algorithm - Distance traveled to the waiting point

- Disembarkation priorities on the train

Train boarding priority planning |_ Distance traveled by horizontal transfer deivce

algorithm - the speed of movement of the horizontal transfer device
Horizontal transfer device - Amount of battery remaining on the horizontal transfer device
charging point selection planning |- Fragmentation level of space predicted when using the point
algorithm - Distance traveled to that point
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Table 7. Process of Dijkstra algorithm

function Dijkstra(Graph, Source):
dist[source] < 0
prev[source] < undefined
create vertex set Q
for each vertex v in Graph:
if v # source:
dist[v] < INFINITY
prev[v] < UNDEFINED
add v to Q

while Q is not empty:
u < vertex in Q with min dist[u]
remove u from Q
for each neighbor v of u:
alt < dist[u] + length(u, v)
if alt < dist[v]:
dist[v] « alt
prevlv] < u
return dist[], prevl]
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Table 8. Characteristics of path generation algorithms

Path Generation Algorithm Characteristics
Horizontal Transfer Device |- Consideration of the tightening direction of the horizontal transfer
Binding Path Plan device and the standard transfer container

Standby Point Selection Plan |- General Path Planning

Compliance with boarding priorities

Multiple vehicles moving simultaneously

Multiple Path Overlapping Occurred

- Time taken is critical

- Plans to respond to environmental changes caused by unpredictable
and unexpected situations

- Consider existing boarding priorities as far as much as possible

- Planning of the drop-off route considering the delay in the vertical

Disembarkation Routes Plan transfer unit

- Time taken is critical

Standard Rolltainer Boarding
Path Plan

Avoidance Paths in Response
to Unexpected Situations Plan

Horizontal Transport Standby | General Path Planning

Path Plan
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1. Dijkstra Algorithm — Creating a Basic Path Plan
L " J

2. Adjust the prepared plan to the order of arrival
: : |

3. Analyze the frequency of collisions

4. Determine the correction value of each point according to the frequency of occurrence

5. Re-create the route plan by applying the determined correction value

6. Calibrate the plan in the order of movement

Figure 7 : Modified Dijkstra Algorithm
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Figure 8. Implementation of algorithms through simulators
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