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ABSTRACT

This thesis presents a practical technique to design and implement a
cooperative and modular systems for controlling conveyors and two rail guides
vehicles (RGVs) using multiple programmable logic controllers (PLCs) for transferring
work-in-process (WIP) pieces from a corrugator to six printing machines in a corrugated
box manufacturer. The proposed technique is based on the use of Ubiquiti wireless
bridge/base stations for coordination among the PLCs and a host application over a
control network to communicate each other through EtherNet/IP protocol. Input and
output devices used for operations of each WIP conveyor or RGV are hardwired to each
PLC. The transmission and reception schemes to enable real-time input/output data
exchanges between the PLCs are specified with tag names for cyclic communications
on data links. The design and implementation of the system for a case of controlling
two groups with three conveyors and two RGVs by using four PLCs are described.
Moreover, in order to verify an efficiency of the proposed technique in new expansion,
installation of two additional PLCs to extend the number of controlled WIP conveyors
is also presented. Experimental test results confirm that the implemented control
system can operate for WIP movements in accordance with the manufacturer’s

requirements.
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UM 3.5 N13Y1IUYBITHABULILEDTIINN 2
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a I 6 @ L. dl' (% d‘ [~ rj{l d' [ @ 5 % =
duresmesidumiluindouaeniy fgui 3.4 [WusUuansiiuidniiudanseany lagdreile
vo33Uidumadivesiinseavdiuvindiaidunisesnvewienszany lngntnfindnaes
AeNUE NG Apvutfitiousinsz a1yl amtauwaenIuLasRgaNIUa1udAveq

aMeNUAIFUN 3.5

3.2.4 nsdnaueIadndedudiei3dl 2 etaunseamudrgnszuiunsudn

Tunsdudinsznuainsueeuaeed WP luddlviuiniosfisivazdugndes
nszewgniln diauesavudsduiduil 2 fgui 3.6 Tnelassadrafimiloudu udaw
uanssfuiituneunsvhey Wesndesdoasfuaeniudndewmasananiedinsly
aemudidosindinseaviusn lnewdnnumuausaliduiufesadludinuiiseon
Auane szuuldigneenwuulininauuusaaiuisanuaunIsinuveaen Ui udua

lonnsnauszuuliane



23
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MO NANANIAIFUN 3.7 wandiiiun1senainsenwiugne1sdd 2 lneninau

muausalidndudataansaluaruaus s IuaIuas Wuauasaninuglden
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3.3 N1592NUUUAAIUANLATONINT
WellwuiAnluniseanwuudanilanaaliual daunsusenuuugunsalusenay

AvAuLitefafsliiuiaTesdnsluusazdiu lngisuainnisidengunsal lunisesnuuy

v

muauuldgUunsainilassadianiseenuuuimilauiuiiaauasainlunisusenay

q

B Ve Ve

Y] v % i a A YR v PN
AU wazdaanunsadnisesteyanltlunisindedoasiidlalaienan

3.3.1 N1599NWUUGAIUANTZULAIENIUIANURUAITONIHER

nsusgneuUdmuANTIsAULLET WIP Yisavn 2 daauan Ssneludiigunsed
Joafunnsdnieas fiuead uay Sunewes Inefidgaauaulaiiihgi 1 199e C1 (Cubical 1) ¥h
MiNTIMUANMTIUYRIIINUAB LR TI197 1 51971 2 Waz9T 3 muddy Tudves
§7 2 140 C2 (Cubical 2) AMUANNINNUVBIENENIUADULLIBSINT 4 51971 5 waTs 9Tl
6 muddu n1sUTENURa 21U (C1 uay €2) ldgunsaiimiloutu tieansrozinauas

TuppUNIINGR gunsainldlun1susenouduaninanisen 3.1 uag3u 3.8

M13199 3.1 ensgunsallnihdmsulszneudgaiunussuvae

Subsystem Manufacturer Model Device Function
Fuji EA103B Main Circuit Breaker
Inverter Circuit
Fuiji EA53B
Breaker
Control Speed
WIP Conveyors Fuji FRN 05C2S-4A
Motor Belt
No.1-6
Push, Button, and
Schneider XB4 Series
Selector
Programmable
Omron CJ2M-CPU31
Logic Controller
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3U7 3.8 gunsalmupudmsusyuudaiuduAnsonanas C1 (Cubicall)

3.3.2 N138ANKUUARIUANTAVULNEFUAT

mﬁaaﬂLLUU@]’mUﬂmmudwﬁuﬁﬁLﬁuﬂmsamé’faLLavmmmmé}’Lﬂwé’ﬂ We9ann

fﬂﬂ'}‘UﬂlWlU’iuﬂ@‘U‘U‘Ull'mﬂ‘L!’]l‘UEJﬂG]@ﬂU’iO‘V!Lﬂﬁ@ﬂﬂlﬂﬁ]ﬁ@@L’Jﬁ'] %QL&J@?G&Jﬂ’]iLﬂﬁ@UWWiV

Unsnidulazdngaldhedy gunsaififaddlugrmunuiuandumii 3.2 uazguil 3.9



M13199 3.2 Sensgunsallnihdmiulsenaudaiunusnensal 1 uas 2

Subsystem Manufacturer Model Device Function
Fuji EA53B Main Circuit Breaker
Inverter Circuit
Fuji EA33B
Breaker
Control Speed
Fuji FRN 5.5 E1S-4A
Motor Moving Car
RGV1 and RGV2 Control Speed
Fuji FRN 05C2S-4A
Motor Belt
Push, Button, and
Schneider XB4 Series
Selector
Programmable
Omron CP1L-M60DR-A
Logic Controller

JU# 3.9 gunsalmelusnvudngesan
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3.4 N1SUNEUDITNITYNIUVILATBIINTHAATEIU
Tudunaun1syinuseunsesdnsuAazUseianitu aursanvseonltady 2

! v = ! sl 1 s a Yool dy
ngivian ABNRNINBNIYI LasNaNITNABULILLDT WIP TngaSunglasnselull

3.4.1 MSIMNUTaITaTUIEEUANIIIAUT 1

Tutumeunsvhauvessnvudeduiensiiduusniufuanduisny (Flowchar)
U7l 3.10 Guduainmsisaldaensgludumida q vesssdmdunisiedoud dsnlillier
Tushunsfudansgauainiedomdnuiunszavgniinndnauaiuausadusn 01533 1 1

FDAWEIENILUETNDI5TT 1 (Beltl) BgwUIREITUAENIUNBDNIINIATONEANTEAANYIN

=Y

Jdefidanszaweanainieieandausunszaugnilamiinauileguusafudanseaiy Tag
wiinuiguanisuanusunsyamduddsliinssauiusn efinszawiusnensdd 1 4
Belt 1 La3a winsuamuaNgn 871533 1 indouisalfaewiuuusoensdd 2 Belt 2) vuso
p3afULLIYBIE BN LTIDBNIINLAS BIHAR L UNTEA WY diesesuiansznulneminey

negiuaaluddenu

Y

RGV 1 stops at
Positionl

A 4
Picks up stacks of RGV1 moves to
box blanks to Bay1 Position]

A

Picks up stacks of
box blanks to Bay2

Defined LineX
from job order

Position]= LineX

RGV1 moves to WIP
ConveyorX

Places stacks of
box blanks from Bayl |
on WIP ConveyorX

\ 4
Places stacks of

box blanks from Bay2
on WIP ConveyorX

UM 3.10 TunauN1IINUTeIndnddume1sal 1
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NSRINNTOVUNNYFUADIAT 1 TudInTawiasanadaunsavuatedualudnLiu

Tinsaiusenoutess WIP lagninaugnlunuiuuuindudenssay wagdiminseny

TALSUANNAIFINTEATYANNAWNIUVUTABI53T 1 (Belt 1) panldnou ndsandsduaning

Y

sRdaivAuAudmTnuAIvgNsafAdausne1sii 1 lusuaudlndlaeinumiioudu

Tutumouwsn
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ane 00001
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&
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NN y Wl
{31 3 TF
3 am
L) |
1272
|
s W7 N V. aaiiedy W | — al
\ Profect / B3 Giobal Name: | Address or Values {§1 Somment : [PB_FeedPaper
For Help, prest F1 NePLCl (Het0 Node:0) - Offlme fung0 @0 -100% [Clazare

JUT1 3.11 duldsunsuuaniaesiunismiuausneisal 1 lagld CX Programmer

a ¥ s

n3UN 3.11 wandliiunisdedeayadnnsnelsdd 1 unudaivauseneuiees

Y 9

WIP Liiaflidondnaiunisenauaeas WIP s1eimiile

3.4.2 N1599UVBITTUUNMSIANUAUANNDIBNITHEAN

TURDUNMIVINNUVBITEUUNTIAIUAUMBS VBT 1919lA5 1wl LHBsa1nYNg1ed

a

Reulansyiuimoudu Taguuinsvinuresssuuianuaudeendu 2 diudegy

3.12 Feasunelenasaldll

3.4.2.1 MIINULUUEATULIR
o a o v o’ o v Ao o o ! v
e U NLAelAUNTEM BTN NTUNTEATYAN 1 1NTavUaEAUT
2 vy A = % D 9 S A saa
1 ywAulivuaenusasiadeuntuirmbiiiosasunsenudan 2 9150815397 1 lagssuy
AIUANAIENIUIARINTEAElRTATuNINTIgn A nTuiadeunlutiamiiwasnyaivaig
o § ¥ v & a yvad d o I S a & A v & v
anenu Mlanenudanuaumdiuisesunsnsemuasatelulalaedeiiuiinisdanules

= ° )~ ¢ g Y & = v a
Vlfj@ Iuﬂ'ﬁﬂq\ﬁqu‘uﬂimﬂaﬂﬂqiﬂigﬂqﬂmﬂ'ﬂqﬂﬁqEJW']UV]ISULﬂUﬂszﬂ']‘U FIANTUNIEATYRNN
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nanenunldiiunsgawintlinundnaid wasiilisovuaiedounundigannseauen

Laila

3.4.2.2 NMSTINULUUAIUANAQEIID

v
2 & 1 = v 1

UNANITYINNULUUAIUANAIBHB A TUARBLBNAIUANTDVUAEAUN 2

Y 9

a

ABANTIRENAINTEABTUTAVUAEAILanTlURI91U (Flowchart) JUN 3.12 Wiietdanseany

uddliundomanndesnszagnyinvieduinnsdiisnuunieansiifuil 1 defanseanny
dhanewudBesildifunszniuiing daauausarhmaBennszaunduiusnoumiesisds
fuil 1 ilethnsgauludsifuamemudndesiltiiunszauiignes
Tuannguniinsvinuresszuudaivaudinuuuudaludffelidesdiyaains
AoEATUANNIIINIL wivniAedgmauluszuy Wunisdearstusnvudedudivonts
Treavesaesinsludiulavesszuunisine aeniufdans aldoululnuanisine

aeilels WeuwAladamnsanliaruisadidudieenainaigniudaiivdunila denns

) & o N = v @ a YUY |
aaﬂLLUU53UU1uaﬂwmg‘ULUUﬂqiLWQJLaaEJﬁﬂ']WsLuﬂ']iﬁ]@Lﬂ‘Uau@ni@LUuaﬂ’NﬂJ'}ﬂ

Receives ‘Reverse’
ommand from RGV

WIP ConveyorX switches
to Manual mode

Move stacks of
box blanks backward
to RGV1

Receives ‘Forward’
ommand from RGV.

WIP Conveyors
run in Auto mode

WIP ConveyorX switches
to Manual mode

Move stacks of
box blanks forwardward
to RGV2

JUN 3.12 TuRoUNISINNUYRITTUUIAAUANANTONTTWER
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5UN 3.14 dldsunsuuiannasiunisyinuvesaeniui 1 Tussuudnluda

TUsunsuldlun1saiuannisinuYesTInaulees WIP fauanimiugui 3.13
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Junsmivauseaenusielelunsdlisenasnsemuiusne1sai 2 diugui 3.14 uananis
uYasaenIuEUN 1 Tuszuudnlugld (Automatic Mode) tiadnsganseanwlutaniin
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& %4 [ [y s ! [ LYY d‘
N3¥EANEAU SEUUMIUANTIY WIP Triaudidniusneisad 2 neudududuusn tilesainse
s o w oo o« & v o a ¥ a °o g v U 1 a v v < =
91597 2 imihwilewdududniiaderanaininlin1sdndedufevgaavan Bl
HATLATOINANUNUNTEAANNNAY AITUMINEATUANTABITAT 2 ABINTSITENAINTEA AU
FEUUAIUANTIY WIP Aldsuldiduszuuniuauimelie (Manual Mode) iieliigriuausnans
A a gj U ¥ 1 g g
T 2 ansasenaanszaunduidiginetsvi 2 1a
LANINLUEAIINADINITISENAINTEATUNRU T19ADULIEDS WIP NFULgIzuy
dnludd Aedanszawnsutinadeunlutmn welinealudunddnaiusnsisad 2
= % & s = v & = N o o o
WINTEA MHIIINUUMINTADIIIT 2 TAUABINITAINTEATBTUTILATTAFUTENAINTEAY
IN5091537 2 TPUUNIIATUANTNABULAEES WIP iasun159ianuanssuudaluli@ Ju
o Yy A A g A D% s = & & v
sTUUMITINUMelednate ieliAiuausne1saT 2 @1unsaisenasnsenuiusalaniy

AUADING

Defined LineX
from job order

Printing machine
requires box blanks

RGV2 moves to WIP
ConveyorX

Picks up stacks of
box blanks on WIP
ConveyorX to Bayl

A 4
Picks up stacks of
box blanks on WIP
ConveyorX to Bay2

A
RGV2 moves to Input
ConveyorX

¥
Places stacks of

box blanks from Bayl
on Input ConveyorX

Y
Places stacks of

box blanks from Bay2
on Input ConveyorX

A 4

RGV?2 stops moving [«

UM 3.15 TuAuN1SINUTEIIATUNERITT] 2
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-3 Symbals
[ Settings
A Mémery e 5 S
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=4 Symbols
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B Enn
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(300

3 (R 1000 03
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[4] J i |

.’\F"\rﬂ.f a2l Global  Name: Address or Valiae 1.08 “amment: PE_FeedPaper
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3.5 N159NLUUYARIUANLALIYaN BetayasEndedRIuANLdIAleil
MseenuUUINgUT 3.17 1938n1suennsinanuvesdiudszanana wazvinnns

Wousetaya neldszuunenwansedliauuu WDS (Wireless Access Point/WDS Mode)

Ubiquiti
Rocket MS
Host Application (((')))
For Engineering ‘
Etheri'et/IP —
Station
Mode
((.) Ubiquiti ((.) Ubiquiti
Rocket M5 Rocket M5

‘ 7, ‘ PLC1

Access Point
Mode ot

Filg o]
Digital Inputs [—1 1g1tal Outputs Digital Inputs r‘ Digital Outputs

WIP Conveyors No 1-3 WIP Conveyors No.4-6

‘ & ! PLC2

Omron CI2M-CPU3] e Omron CI2M-CPU31
» Etner ‘et/IP Mode e Etheritet/IP

PLC3 Ubiquiti’ ) PLC4 Ubiquiti 7

Omron CP1L-M40DT-D Loco M5~ (% Omron CP1L-M40DT-D Loco M5

Omron Mode
CP1W-EIP61

Etheri'et/IP

.
Station
Omron 4 Mode
CPIW-EIP61

Etheri'et/IP

E s E-' -
% éL l P %"L 441 ' %J‘
L99e LA iw &
Digital Inputs Digital Outputs Digital Inputs Digital Outputs
RGV1 RGV2
A\ W Ak @) U7 Sl Ny J 4 Q.

5UM 3.17 T1982188AV8IN"TBRNIUY

\1e991nlUslaAea EtherNet / IP tnuLAs v eAtuAuliatemunziun1sAnng

Weulgsgunsaliisigiulasianizegedsluduvesneni’dl nseeniuussuuNsaeasid

[d v 1w

gunsal “Ubiquiti Rocket M5” ilusdsdaysyias dusuiensieiuiinead 1 waziiuead 2

1 4 & v v o

drwgunsal “Ubiquiti Loco M5” 1lusisudyaailddmsuidoudeniuiiuead 3 wazilhoad

]

v 4 = o w P v oA

4 p95UN 3.17 hEnIs19azLaunvnIUnIuaALy i WL%@@JW@ﬂUWLL@ﬂ‘%Lﬁ@ﬂ’JUﬂ@J WIP 519

Y 9 v

'
a

ABULILEDSUATTNBITIT @IUM19991 3.3 ajuiiedlefiuavusauaninsadiniunisnean

A 1
LAIDVNY



34

M19197 3.3 Anlefiuaziualennsa dusuaunsaludazyile

Device IP Address MAC Address

Host Application 192.168.250.99 -

Ubiquiti Rocket M5 Module
192.168.250.79 44:D9:ET:A8:F2:5A
connected with Host Application

PLC1 for WIP Conveyors No.1-3 192.168.250.10 -

Ubiquiti Rocket M5 Module for
Connected with PLC1

192.168.250.80 80:2A:A8:7C:B9:E8

PLC2 for WIP Conveyors No.4-6 192.168.250.11 -

Ubiquiti Rocket M5 Module
Connected with PLC2

192.168.250.81 80:2A:A8:00:6A:16

Omron CP1IW-EIP61 Module
Connected with PLC3

192.168.250.20 N

Ubiquiti Loco M5 Module
Used for PLC3

192.168.250.90 80:2A:A8:7C:B0:C2

Omron CP1W-EIP61 Module
Connected with PLC4

192.168.250.21 -

Ubiquiti Loco M5 Module
Used for PLC4

192.168.250.91 80:2A:A8:60:82:09

)

3.5.1 nswengunsaluszulanan1sineuiueadaasnilunaiayn

nntumenreuntilduandliiuiungnauazdos e Jeilnaliiniseanuuuiing
wenanUsTInanasonaniy Tngnisesnwuuauisasilalamiiianieiatuudslueie
5 Iuegnad ludilsinanisiiveadvesudasdiu Tnsuunandonisuendiunisuszuiana

fueaguavihusavdungeslyuiiauaniUisudeyaitimenu [12]
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PLC1
Omron CJ2M-CPU31 PLC2
: Etheri'et/IP Omron CJ2M-CPU31 PLC3

Etheri'et/IP
. Omron CP1L-M40DT-D

. -1 Omron
. | pcz Tag | pheo
PLC2 Ta CP1W-EIP61
g — i wz Etheret/P Omron CP1L-M40DT-D
(— rom ore
EOvEREs) (40 Words)
Clto C2 Word  W250 C2_to_Cl Word  W150 Omron

40 Word: —>

(40 Words) (40 Words) PLC3 Tag CP1W-EIP61
C1_from_Trl_Word W300 Etheri'et/IP

_from_TrL_ Out to_C1 D1000

(10 Word) < (20Bytes)

Cl_to_Trl W350 - In_from_C1 D1100

(10 Words) = (20Bytes) PLC4 Tag
C1_from_Tr2_ Word W310

(0 Word) < Out_to_C1 D1000

20 Bytes,
Cl_to_Tr2 W360 (20 Bytes)
(10 Words) »  In_from_C1 D1100
(20 Bytes)

JUN 3.18 mswenlesdayaseniniiiead lngdrsdarinutheveriiuiieguesiaya

lngnisvhaufelifiuead 1 ivthivantunisiudadeyaiuiiueadnvaedn 3 4n

1%
v Y o v

\We99ndaluAN C1 (Cubical 1) ¥A5AAAINGY MENAINTUNEDERARIYAIUANANE U
Yoefikead dulunsinuvesiiuead 1 Julugunsaindntunsiudsdoyalifiuiiuveadd

Anadluniewds nsnsdalefivesinsa (P Address) Mfiwead 1 sanandluzun 3.18

File Edit~ View  Options. Help -

&l skl
------ - CJ2M-CPU31
E| jj Built-in Port/Inner Board

o9 [1500] CJ2M-EIP21 (Built In EtherNet/IP Port for CI2M) (Unit : 0)
. 7 [1900]Inner Board unmounted

-4 [0000] Main Rack

-4, [0102] Rack 01

- dagy [0102] Rack 02

-4, [0102] Rack 03

(CIZM-CPU3L |Offline 4

sUft 3.19 nssernleflsitufivead 1 7 10 Table Tngl4lusunsu Cx-Programmer



- IP Address
' Use the following address

| 192 168 . 250 . 10

IP Address

SubnetMask | 255 . 255 . 255 . O

Defaut Gateway | 0 . 0 . 0 . O

" Get IP address from the BOOTP server

iThe BOOTP setting is valid only for next unit
restart (power restoration).

[Then, the BOOTP setting will be cleared.
:The obtained IP address will be automatically
saved as system setting in the uni.

~ Broadcast - —
@« Al 1(43B5D)
[ Al D4.2B5D)

TCP/IP | Ethemet | FINS/UDP | FINS/TCP | FTP | Auto Adjust Time | Status Area | SNMP | SNMP Trap |

' Not use DNS
™ lse DNS

PimayDNSServer | O . 0 . O . O

Secondar:.rDNSSenrerl L ¢ R | A1

Domain Mame I

~ IP Router Table

P Address

| Gateway Address | Insert |

Tratgfeflinit to RE | Fratyter [P ba L Hit] Caipar

Set Defaults

SUN 3.20 m3sisenlofineninsalvfiuiiveadl Tngldlusunsy CX-Programmer

=

frog19n15AeA e Rl iU ad

gunsnidu q idsenIunnswd 3.4

IS
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1 umlaﬁuammmﬂu 192.168.250.10 du

AN57199 3.4 A beNLaALASAAINTUNLDAT WAL TARLDNNALATY

Device IP Address
Host Application 192.168.250.99
PLC1 for WIP Conveyors No.1-3 192.168.250.10

PLC2 for WIP Conveyors No.4-6

192.168.250.11

Omron CP1W-EIP61 Module
Connected with PLC3

192.168.250.20

Omron CP1W-EIP61 Module
Connected with PLC4

192.168.250.21
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3.5.2 JunUNITASAINISARRDERA3A28TUSIASY Network Configurator
Sudullalusunsy Network Configurator d1usudinesitinled latinisa

EtherNet/IP %umﬂmﬁumqmugﬂﬁ 3.21

Untitled - Network jus
File Edit View Network Device EDSFile Teols Option Help

EEEIEEIE T I E Y A
|kp|ad|+oy B & 8L |J$l@|.¢|dﬁ|®“
= () EtherNet/P_1 |

B Network Corfiguator
=] @ EtherNet/IP Hardware
=-{ Yendor

(8, Grd Connect
ICPDAS
- (=, OMROM Corporation

=18 DevieeType 2!
o Communications Adapter
[ oy GEneric Device

Usage of Device Bandpidth
P Dctaig|

£31 :Etherl :Unknown J - hot it/s -line
Ready L:EtherNet/IP ~ T:Unki OMRO:TOOLBUS  CJ2-CPUhc 115200 Bit/s (D Off-I NUM

JUN 3.21 Msaslefiueniasaniiuead 1

& A ca o | ] . ° Y
Qqﬂu‘ULaaﬂQﬂﬂiﬂJV}uqﬂJﬂlmEﬂﬂﬂﬂﬁnﬂiuuwU Omron Corporatlon UANUNINWUULEU

oA

e N | o ) ! nl < o v o | & ~ ~
WAy 3.21 ndsnnuuszyaleiivennsauuidnisalinsaiuanasliluivead

LAATH

5 Wieless. 12,1112 Nefwark Congurier

File Edit View Metwork Device EDSFile Tools Option H

| DT&H|§ -|-~’ﬂ|fai‘= e #’|§| JL%\!;;
_I:?.’e‘"f-'%|‘:.f"|-‘3'*.’F.'F.|£3|“| 1|9;«||§3 Lﬁ|

- . W o sl y .EtherNetflP1|

@ Metwork Configurator
= @ EtherMet/IP Hardware
CI-. W endor
i m-lE GrdC t
R S, 19216825070 19216825011 19216825020  192.168.250.21
s r C1 cz Tr Tr2
| E-q8 UMRON Comoratiog 135011 1@ 5010 25010 135010
B- = Dew:eT_l,Jpe [k
[ 5‘; Communication: Adapter
[ g Generic Device L —_— —
Uzage of Device Bandwidth
Ready L:EtherMet/IP  T:Unknown OMRO:TOOLBUS  CJ2-CPUsxx 115200 Bit/s 2 Off-line

JUT 3.22 mageulesgunsal EtherNet/IP usiagdlinmeniu

ndwsNAUIEn1Taswindunaliduiiveadudazda Suainduidandn
(Double Click) #iiiuoad 1 (IP:192.168.250.10)
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a¥hauin Sets/In-consume Tapaiiaudin Set suguil 3.22
1. C1 From C2 Word  wu1a 80 Lusi (40 135m)
2. C1_From C2 Bit w19 80 Tud (40 1350)
3. C1_From Trl Word  @u1a 20 lusi (10 135m)
4. C1_From Tr2 Word ~ wu1e 20 lus (10 1im)

" Edit Device Parameters ; 192 o)
i - — =
Connections | Tag 5315|
In - Consume Out - Produce |
|
Name: Qwer ... Size Bit D
%3 C1_Form_C2_Word 20Byte Auto
5 C1_From_C2_Bit 20Byte Auto
¥ C1_From_Tr1_Word 20Byte Auto
C1_From_Tr2_Word 20Byte Auto
[ Mew.. | [ Edr. |[ Delete | [ Epand Al | | Collpse Al |
| EdiTags.. | | Deleteslofunused Tag Sets | Usage Count - 8/32 [ mport | [ TosFrom e, |
Lok ][ Gameel |

5UN 3.23 n13a319 Tag Set/In-Consume Wagiviunusuinioyanaeans

NA9NASWIAN Set/In-Consume ASUASIaMTN Set/Out-Produce TruALoad 1

(IP:192.168.250.10)

a¥aufin Set/Out-Produce mugufl 3.23

1. C1 To C2 Bt U9 80 Tud (40 1Im)
2. C1_To_ C2 Word U9 80 Tud (40 1im)
3. C1 To Trl Word  «uin 20 Tud (10 13sn)
4. C1 To Tr2 Word  u1e 20 lus (10 13sn)
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Connections | =g Sets

In - Consume | Out - Produce

Name Over . Size Bit D
¥C1_To_C2_Bt B0Byte Auto
#F]C1_To_C2_Word B0Byte Auto
F|C1_To_Tr1 20Byte Puto
1 _To_Tr2 20Byte Auto

o s e
[ EdtTass.. | [ Deleteahof unused Tag Sets | 1sage Court : 8/32

5UN 3.24 n138579 Tag Set/Out-Produce uazimuausnaudoyaiidenns

na9InuuluALAy Connection Fagusl 3.24 adnditASeanunedadiiioninis

amzileugUnsnl (Register Device List) waglsusuviiuuliganuivaunsaldunivie

Connections | Tag Sels|

Unregister Device List

Ed Product Name i

Cornections ; 8/32(0:6.T:2) [&

Register Device List
Product Name 192168:250.10 C1 Varizble Target Varable
& 192.163.250,20 (4020) .
Sudefaut_003 [nput]  C1_From_Te1_Word Input_100
defaut_003 [Output]  C1_To_Tr1 Output_101
& 132.168.250.21 (#021)
Sadefaul 004 finput]— C1_From_Tr2_Word Input 100
defaut_004 [Output]  C1_To T2 Output_101
&P 192.168.250.11 (#011) C2
Sudefaut_001finput]  C1_From_C2_Bit C2.T0.C1_Bt
Sudfaut 002 nput]  C1_Fom.C2_Word €2_To.C1_Word

Edit Delete EitAl. | [ Change TogetNode D | [ TosFromFie |
o]

UM 3.25 Msamezideugunsaliiaenlesloyaseniniiuoad

nswanasudeyanasnauseninefivead aude 3.4.3 Junsweulestoyaly
sUveslnaueauiin (Global Tag) ndsanuuaeloudoyaastlufiveaduazaiunsaiilnavea
winlugnAuueninsavesiiueadniumsned 3.5



A1519% 3.5 Uaya Data Link dmiuiiueatiusiaysi

Global
PLC1 PLC2 PLC3 (TR1) PLC4 (TR2) | Description
Tag
Tl Ll conveyor No.1
IN | W300.01 OUT | D1000.01
REV Rev
T L2 conveyor No.2
IN | W301.01 OUT | D1001.01
REV Rev
Trz_L1 conveyor No.1
IN | W310.00 OUT | D1000.00
FWD Fwd.
Trz_L1 conveyor No.1
IN | W310.01 OUT | D1000.01
REV Rev
Tr2 §2 conveyor No.2
IN | W311.00 OUT | D1001.00
FWD Fwd.
TPE?2 conveyor No.2
IN | W311.01 OUT | D1001.01
REV Rev
Tr2 L3 conveyor No.3
OUT | W252.00 | IN | W152.00
Tr2_ L3 conveyor No.3
OUT | W252.01 | IN | W152.01
REV Rev
Trz L4 conveyor No.4
OUT | W253.00 | IN | W153.00
FWD Fwd.
Tz L4 conveyor No.4
OUT | W253.01 | IN | W153.01
REV Rev
T2 L5 conveyor No.5
OUT | W254.00 | IN | W154.00
FWD Fwd.
T2 1> conveyor No.5
OUT | wW254.01 | IN | W154.01
REV Rev

40



D Edith C1 7-12 61 Final - CX Programme
[ I@ File Edit View Insert PLC Program Simulation Tools Window Help

1
D=d[R2R[reeeacardtjotw|esaa(F|ll iR et TTOT L1
ea gk 2EE rurw | —osaFElk||Bleweven BIBERE |[=5]3
[ErERrs|merEETsS s | B S| asranptep||sean s e
Mame | Data Type I Addrassf\’a\uel Net. Variable i Rack Locati... I Usagel Comment <t
EI-% NewProject =+ C1_Form_C2_Word WORD[40] WI50 INPUT Wark
-8 NewPLC1[CIZM] Offline =+ C1_From_C2 Bit BOOL[G40] W100.00 INPUT Work
1% Data Types =+ C1_From_C3 Word WORD[20] W420 INPUT Work
-5 Symbols =4 C1_From_C4_Word WORD[20] W40 INPUT Work
§71 10 Table and Unit Setup =+ C1_From_Trl_Word WORD([10] W300 INPUT Work
[ settings ~+ C1_From_Tr2 Word WORD[10] W310 INPUT Work
. Memary =t C1 To C2 Bit BOOL[540] W200.00 OUTPUT Work
E1-% Programs = C1_Te_C2_Word WORD[40] W250 QUTPUT Work
-5 NewProgram (00] = C1_To_C3_Word WORD[20] W400 QUTPUT Worle
'3 Symbols =t C1_To_C4_Word WORD[20] W440  QUTPUT Worle
€9 AUTO_LINEL NO_PAPER =t C1 To_Tr WORD[10] W350 QUTPUT Work
@ Ao Rk 150 50 sooL s ok 0 second cock i e
+ P0D01s orl .01 second clock pulse bl
: g ﬁ;ﬁiﬂ%ﬁgURN * P002s BOOL CF103 Work  0.02 second clock pulse bit
¥ * PO1ms BOOL CF107 Work 0.1 milisecond clock pulse bit
-8 AUTO _LINE2 NO_PAPER CPOs BOOL CFL00 Work 0.1 second clock pulse bit
& AUTO_LINE2 HAVE PAPER |, p7y 5, BOOL CFI0L Work 0.2 second clock pulse bit
@ BELT LINE2 RETURN * P_1min BOOL CF104 Work 1 minute clock pulse bit yuz
P MANUAL_LINE2 * Pims BOOL CF106 Work 1 milisecond clock pulse bit (u
g END v Pls BOOL CF102 Work 1.0 second clock pulse bit
-4[F Funetion Blocks W P_AER BOOL CFO11 Work  Access Error Flag E|
F‘m]edj 4 |7 =2 = S 7: 7_:1 W e m _ W 7 ”i = = | 3
For Help, press F1 INNY YT NewPLC1(192168?_5010) Offine . | ] [rung6 (5, 4) -100% A

U 3.26 nssAlnaveauinifiuead 1

3.5.3 msiveusawuuliany (Wireless Bridge/Base Station)
TuilomNnanteisluilizuaniiugiuniseoniuuia U 59UV 9
et dsudululugaunsielidilafmannisuazanusadaludsey naldanulung

=~ v ] ¢ ! 1 daa o Ly & g & = Y]
L%@Mm@ﬂu33%'§7\‘1@qﬂﬂﬁmﬂigLﬂ‘V]G]'N 4| aﬂqﬂlﬁﬂﬂﬁﬂmﬂubLiJWULiQQﬂU\‘]ﬂﬂ@Lu@‘lﬁ’]Lﬂﬂrlﬂ‘U

luinau1nsgIu OSI 7 waiwes fagun 3.27 Afeuivate 9 MiueeiupIuaIU1auan

2 A8 A

AIILLG ﬂo’]L‘ﬁUﬁ mﬂa'nﬁﬂwuLwammaummmaaLuam

3.5.3.1 Taauinsgiu OSI 7 tawwes

* End User rayer
Apphcatlon « HTTP, FTRIIRC, SSH, DNS

«.S5L; S5H; IMAP, FTP, MPEG, IPEG

. » Synch & send to port
SeSSIO n = API's, Sockets, WinSock

* End-to-end connections
Transport - Tch 0P

* Packets
= IP, ICMP, IPSec, IGMP

* Frames
* Ethernet, PPP, Switch, Bridge

A * Physical structure
Physu:al * Coax, Fiber, Wireless, Hubs, Repeaters

5Uf 3.27 Tuimasnnsgiu OSI Model fiusznausne 7 Layer




a2

1. Physical Layer [13]
LA asiiMuAL1nsgIuvesdn Il uazun s
Yosnowdamasdmiudoudogunsalnie 9 uiwasguvesanglidndudedddigu

WINTFIUAY CAT UTeiansing o 11nsguvesiideon V.35 Nldlu WAN Lagu1nsgiu

£
=2

s RJ 45 Nldlug LAN WWusiu sauviawssiunslniuassusuunssudsindeyaiindu
Tudoihdaygie
2. Data Link Layer
o A oY < as ! ! = s
Suiinveulun1sdstayauuiinisaudazyseian wu Bines
\n (Ethernet), 1niAw34 (Token Ring), oAl (FDDI) #sauumwau (WAN) 614 9 uazgua

Sesnsvieiudeyavinawesumduwindialefilily “wsy” wagnisdadeyaaindunialuds

1
s 4 o/

gunsalidaly Tnewateesilingitesiuaing (Switch), U3ed (Bridge) waziawweastiinlaleds
nalnvesdanesiiumiuilesuunvsasundesldluinisalssinnag 9 loilueded
3. Network Layer
I saa v oA o | e O e « 1Y
Wulawesiinihfinanlunisaawiniinanieisssunielily

1

daATeIUaIeNInIBLEuUN19TRan (Best Effort Delivery) taeos

o

Q’lj va gj a o
i mualidnisnsasifa
= o a ¢ ey A qw @ o |
LaALATATUNIVASIABNTIM BT WAz aUNSRlFad s ol dssusianuiiegavedlusinnea
lefiuavaninauannsanlonaevuiaavlefiemaseaiuies
wwasiiluaosmietosiudunes (Router) uniign
Trusmsluinidsaialens (Network Layer) Tngnss delasuuwiniinunannasesneuiiaines
Angremumlulaindwininesnlunmdunesinegle tiielilufeduniosnsuiiamnes
Yanemsliile TWslapeadivhauluawestbinsiviuinineie q udaluiaadosaenisg
w3ekl nifivesnsBuduinteyalalufiavaienieass q ugaffeninnveansiuanasn
s ) i o 1 v = 2 &
iaeas (Transport Layer) e vithievaensivdsdayaluiaieasifiouiiniin
4. Transport Layer
I ¢ alal v o 1Y [ I3 4
Wuateasndininivan 9 luniswisteyaluatwasuule
wownziun1sIndaluluaigasans (Segmentation) vimiiiusenausiuteyanis o Ala

Sumanawesans (Assembly) wazlnusinislunsuileleywnieoiiadeinnatntiulussning

¥
o/ a !

N9VBINTSYUES (Error Recovery) vithiguasdayalulawaiilingnisonineniuug (Segment)

Y

v W

iegvatluslnpealuawesiniiniuanfeluslanea@i@i (TCP) uazefi (UDP)
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5. Session Layer

=

Wuateesiiaiuaunisdeansandumsludatoniauuy
End to End wazAseAIUANTesIsNnsaeanslunsdififiuats q Wsisa desnissudsdoya
wou o AuvuiaIeafsiu uardsldumesiadmsuteunaduaesiuuulunsaiugu
funeumsvireuvedlusinroalussdulaseiionisdndsdoya fogratu senifin (Socket)
Malugiing n3oTulaiwoniiin (Windows Socket) MHlulusunsuiulad dslalvlusunsy
nsifleuste (Application Programming Interface-API) gL genAwIsTusEAUUNE MY
madeulusunsuiiienuaumsvihnuvedlusinaea TCP/IP Tusyduang
6. Presentation Layer
Wlsvasdndnvonawasiife fmunsuuuurainisieas
ot 199U ASCll Text, EBCDIC, Tuun3 (Binary) wag JPEG mstirswafsaueglutatsesise
shetnagy Tusunsy FTP desmsivds Teufolndsewinedumstuieieadsvinesvanema
Tslamea FTP auanalviEldszysuuuvvesteyaiilouthofuldinduwuy ASCl Text vie
Duwvuluws
7. Application Layer
Wulawesfifmundumesinlesninweundeduiivinanuuy
\3ednRNTnesiUTeNd I THea39s 9 haueguulnIespeNfiunes fethatu 1y
wswesieluneundnduiivihausguunsesnesimines Wesusdesnissudsdoyaiumg

) A acs s ) s a s ) ¢ o
AULATDILFINIBT 91A8AIINAINITOUDILALY DT 7Iuﬂqi@uLﬁaiLW%ﬂUeﬁ@WWLL’Jiﬁ@ﬁ']{Lu

& 1 Py =~ Yy = oa Ao v
bRLUDIAN € 53@‘Uﬁ'NLW@Im@NW‘?NL'JULWQWNU@ENﬂ’ﬁ

3.5.3.2 m3judedayanisluslnnea EtherNet/IP

lslapaa EtherNet/IP [11] gounanlusianeadivesiivinisgaainnssy
(Ethernet Industrial Protocol) +fulusTnrealusziutunevainduiaies fgnasraduleaed
fugmunannanasgu EEE 802.3 Wuluslameatignoanuuuanifieldvhauluaninuandeu
melulssugaamngsy wagmuauszuualuiRlunszuaunssdalasane Tslaaeai
unilsly Industrial Ethernet (IE)[20] fifleguinuieidu  EtherCat uaz  Modbus
Transmission Control Protocol (TCP) n1s#iluslaasaiilddinesidmduuinsgiu
EtherNet/IP Ssimingfunisdeanssveglng uaziidrdynsilusiameatioanuuuuusnsgiu

IEEE 802.3 il dundeulunisieansivaugeainnssusnniy
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91n3U7 3.28 wansliiudeniseanuuulasaiiaaiees 1iin1susulaunain oSl

Model 1195514 IEEE 802.3 1ne#l Physical Layer wag Datalink Layer laifinsu3uidasu

o '
LYY IS

PNUNIFIUAY FedunseaniuuMBeusedeyaviwuuldaeuazuuuliavaunsaldau

s a

ufvgunsaiiiluviewmarnldlaedalddreaniesaingunsalinaiuiinisnineddu

JIUIUNA

Application
Transport
0SPF a
< Explicit 3 Real-Time
Messaging g | 170 Control
Network .

Data Link
Physical

sUTt 3.28 Tassasnentsvinnuradiusinaea EtherNet/IP Uuiiugnu IEEE 802.3

Y

3.5.3.3 n1seenuuunissudidayadieaunsailiane
1ngUT 3.29 wandiiiudansidensouuulianssenineiiueadiusa e1533uuy
Fuglfamevinliroddgunsalldmeoiatudu 2 whwifdeuldansiuurosgunsallfaeas
Tnensltgunsaiviadavanuilfamelunmadeuds iliaaldareatlsnnidesanlunis
dewderugunsallfanelneiilusTnaea EtherNet/IP gnopnuuuslasifiugiunisusuusen

INUINTFIU IEEE 802.3 vilvianunsnidensieaUnsallsaewiuiveadla

e Etheri'et/IP

s
Smart
— Roaming
i Ethen'et/IP Ethen'et/IP 3 Etheri'et/IP
AGV and Failties AGV and Facilities: 'AGV and Faciliies

5UN 3.29 NMsWenseszUUInesTImEaUnsalliany



a5

Aetun1seenkuudsldaunsal Ubiquiti Rocket M5 wag Nano M5 lunisiiause
v = qu & a v o v Ao w oA A s A v v
wnunsidane  Wesananuidaivaumdvuinnitiwinauasiddgfeddiunindouiils

AB3091537 AetunslElusianea EtherNet/IP Sauiussuugunsaiusnd/ivanuuliansds

I3 A dad
Wunaaennangn

3.5.3.4 gunsal Wireless Network dmiuiiausatayauuluslnaoa
EtherNet/IP

isetghfleanauildaumunnuaiudiiufisudetnenouiiomes
Fanewitues uwidesszandienadetnadluldnuialsussls minnanuldaevesszuu

[

Wslamea EtherNet/IP ianunsodstoyalisinsilagligniidaduaniuiuaslideadenian

Y

wuanell sesnulunuideaduiidslaiissuuesetietuuliasunltausiuniuasedngnia

PAFINNIIN

5UN 3.30 gunsadasdayayiad Ubiquiti Rocket M5

'
6

5UN 3.31 gunsaiSudayeyras Ubiquiti Nano M5
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Yy a "L?Jd =

31NNIATIR@auTeyaIndeyandnduel ilvideulaiuisnnuaiunsaves

Y

o o 1 a a0 W

gunsal Ubiquiti ediiasdeanlnaluaiiud 5 Aneidsn esaniivesdyyralunisiuds

a

ToyaNNLaziiAINABINIIVANEEIANA 2.4 Aingidsn anvsandnisldauiuunlungy

Y

d1tnau wadelinsenuiugldaunilussuuiladedanuanysaiian aunsaliivinauly

)

LaALLENaYYl (Access Point) flaguil 3.30 Uagguil 3.31
wiadaldiiudnsve1eveaaaInie (Antenna Gain) vnlalaensmnunsuuuy
] dl 1 v %) al 1 dg o v 1 dl d‘
nsunsnszneedulug asredunistugnids Feilinisunsnszatevesrdudaeuly n1s
= 1 v ) v 1 v & = a | A o
Jugnldeaneuuuyilignldeveeeeniuiuiuey duArinefiiAnIanIsunsnTzagaius
Tusuiueunaznisnszargluwuififanas tufifuguuuunisnssaeaduwuuifents
HI999NNNNSANTEELANTI U-A9PAUADINIT AN L UL MUBUIUDUNINNIT M ULUIA
Tumsiaenldiaronn1alinyu Ubiquiti Rocket M5 1aonldiaianniALuusauma

(Omni Direction Antenna) t48431nL@191N1AUSZLANTLAAN1INITUNIATLINYAAUTBU

A3 360 asrmunzdmiulinseduinsasgniennioulmegludiunisasirnieily

£% (%
= v v

WUUBY La19INIANIIRARIAULDALEANOEN [NONTYALFYQIATIUTANIY daULd10In1AN

(%
v v

a saa & aa 7 : I3 A a
ARFMINUINBI3D LUULEIDIN AL UVLNANIY (Directional Antenna) LwsngtUUL@181N1ANY

N1FUNINTLINYVIRAUNTALIY WgdImTuNsinsialluugaseqn l@oInalszimilgn

Y

[ (% '
a v ¥ a U a

AnRsunseuiuaunsal Ubiquiti Nano M5 lusiaudadstuislinosdinnaig vilianalddne

adldl lnwgunsalibvihwihiduawmdulnun nisldnugunsallfarsdndusoddunnuannsa
= M v i o ca ¥

warlafineninsavesaunsallianeunazadlunisseuiaziatzasgunsaiiidnsuluiciay

= Y] v AN 2 o d'
LAYINU Imﬁlﬁua;ﬂa%ﬂqﬂﬂiﬂJLLG\@%‘MLLammmmm 3.6



M19197 3.6 AuuALenn s mTUgUnTallTany

Device

IP Address

MAC Address

Ubiquiti Rocket M5 Module

connected with Host Application

192.168.250.79

44:D9:E7:A8:F2:5A

Ubiquiti Rocket M5 Module for
Connected with PLC1

192.168.250.80

80:2A:A8:7C:B9:E8

Ubiquiti Rocket M5 Module
Connected with PLC2

192.168.250.81

80:2A:A8:00:6A:16

Ubiquiti Loco M5 Module
Used for PLC3

192.168.250.90

80:2A:A8:7C:B0:C2

Ubiquiti Loco M5 Module
Used for PLC4

192.168.250.91

80:2A:A8:60:B2:09

rochef i

Basic WifeleSs Settings [ @0 DL L0000

Wiess ode
WDS (Transparent Bridge Mode): E| Enable
8sID [} Hide SSID
Country Code: :Unitégi @lgt;s-i*—
IEEE 80211 Mode: | AIN mixed

Channel Width:[7] [40 MHz
\ Frequency, Wz

Extension Channel: None | 2l

i€ 1< ¢l <

Frequency List, MHz: [_] Enable
Calculate EIRP Limit: /] Enable
Dutput Power: “— = = = dBm
Data Rate Module
Max TX Rate, Mbps ] Auto

Wireless Security

RADIUS MAC Authentication: [_| Enable
MAC ACL: [] Enable

-'_ﬂ_' GENUINE %, PRODUCT

[l o
Y

SUT 3.32 n1aserlif Rocket M5 findia

) AVANOES, sl cEs g

& Copyright 2006-2019 Ubiquiti Networks, Inc.

Awead 1 Wukonwanasn

av
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| MAC ACL ~
Enabled MAC Comment Action
44DIET-ASF25A  Host Application
¥  80:2AA8:006A16 PLC2 Cubical2
M  80:2AA87C:BOC2  Tri RGVI
S0:2AA8:50.8209  Tr2 RGV2
| I e ]

JUN 3.33 nsnmvuamuaLantasdbiiussuulimewenwanoey

vinmssisenlisiaauenanesinugun 3.32 ity Ubiquiti Rocket M5 fistaagiiu

fiwead 1 Aldlunismunudaiuausvaniy 1-3 Thihndniduseawaneeyidesun 3.28

nasnuulduuawennsadmivaunsailsaieniniens 4 dq Jewdhisiaavepwanasn

\WeeygyInbidndeuradfuwenmanassiltd lngaunsailianevs 4 fadanan Aealniu

awmdulnuauazasAleil A9 3.6 MsnlIsnswendewuuUIadluae dasiunis
¥ s 4
aputhsvuuhifiaauenanoeile

NS URBAUTEUUI LT U A8 el T UL ALE ALASA LA ULDALYANDEY NU

=

fadeusaiuszuulsanals fegun 3.33 lasfluuauonnsaidugadiataug uadunnawin 6

Y
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3.6 WAN1INAEIUNITIUEITDYA
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AINNNSNAFDUN TANF U ULTINAINTEANBNAUTUTNDIST 1 Wiuladdlaidansng

T o

1 1 vusee1337 1 @Saudnadusennszanvuuse dlinieanudiniegly 1000.01 ieu

FasUN 3.34 NTUYIINTRTIATANTILeaT 1 tesudauansaly TaelaldswnsunisyinaIun
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fuead 1 Aegud 3.35 431 W300.01 v detiuasdladmwanisidenlosdeyaaunse

Y
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o File  Edt View [rn.—! [ Progeam  Semulation  Toek Wmdou:ﬂl:l? o
| NEE R SR ' A A= o eliaEe s Bl lRRLE BTER L w 8L
L E FemEm B it | — e B EELk (REE vt YA BIBD T + % *
| DFRRPAE & 2PEERLE v BB S Garmnpnen> | (oo as =g
=] =
3 B NewProject =
= 8 NewPLCL[CPIL] Monitor Mode 4Dy 40 00000
5 Gymbe: [ \\ pepdye
i _Fee e , w e
[y Ermerlog 4
8 ME Clock
@ Memory 3 40 w000
1 W Programs I o
=%l NewProgramil [00) Running 5 ATR T
22 ymbols
B Marwal Car - i
B Manual Bet :
B Auto Bek G
F3 END
T} Furction Blocks 3
fef | |
Fropet HAT T [tame| T EEra R AddressoeValoe[ 4 0 Commenk T L0 0 o 0 ¢

X-Programmer - [Running] - NewPLC1 NewProgramLMANAULUINEL [Diagrarl]

File Edit View Inset PLC Program Tools Window Help [ o

DeH|®(ER]xme e Deinenn 0 v |ain als/LleentsBE0R L wins | | |
a0 QalEsiEmErBalbiriiw | —opaERlyk |GG Bury BBERD =

mEFROS sSPEE 20E 43 @83 aaraumMuend/|aos e s |
ﬂ;l - U %

Lingf_fo_tr2 FWD  Aways OFF Flag

7 10 Table and Unit Setup
Settings
[E] Memory card 2 p_of
EBENDHDQ 334 1003 CFi14 Q:100.01 J
PLC Clock M 4 hy:
< Memory | manual Aiways OFF Flag
B Programs
15 NewProgrami (00) Runnin q |
5 Symbols [
5 AUTO_LINEL_NO_PAPER 1 hpi J o
@ AUTOUNEL HAVE PAPER | | |0 [ e
£ BELT_LINEL_RETURN =
5 MANAUL_LINEL
5 AUTO_LINE2_NO_PAPER
B3 AUTO_LINE2_HAVE_PAPER W300.01
-5 BELT_LINE2_RETURN
69 MANUAL_LINE2 Tri_L1_REV
& END

F Function Blocks L4 L s .
{l 5

I\ Prfect / (i Name: | Address or Value: | Comment:

REV INVA

3UM 3.35 M35UTyadunnane1sdl 1 (uead 3) Nfiuead 1
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Global Tag Address Description Test Results

Tri_L1 PLC1 PLC3 Conveyor Pass Fail

REV IN W300.01 ouT D1000.01 No.1 Rev v
Trl L2 PLC1 PLC3 Conveyor

REV IN W301.01 ouT D1001.01 No.2 Rev v
Tr2 L1 PLC1 PLC4 Conveyor

FWD IN W310.00 ouT D1000.00 No.1 Fwd. 4
Tr2 L1 PLC1 PLC4 Conveyor

REV IN W310.01 ouT D1000.01 No.1 Rev 4
Tr2 L2 PLCL PLC4 Conveyor

FWD IN W311.00 ouT D1001.00 No.2 Fwd. v
Tr2 L2 PLCL PLC4 Conveyor

REV IN W311.01 ouT D1001.01 No.2 Rev v
Tr2 L3 PLC1 PLC2 Conveyor

FWD ouT W252.00 IN W152.00 No.3 Fwd. v
Tr2 L3 PLC1 PLC2 Conveyor

REV ouT W252.01 IN W152.01 No.3 Rev v
Tr2 L4 PLC1 PLC2 Conveyor

FWD ouTt W253.00 IN W153.00 No.4 Fwd. v
Tr2_La PLCL PLC2 Conveyor

REV ouT W253.01 IN W153.01 No.4 Rev v
Tr2 L5 PLC1 PLC2 Conveyor

FWD ouT W254.00 IN W154.00 No.5 Fwd. 4
Tr2 L5 PLC1 PLC2 Conveyor

REV ouT W254.01 IN W154.01 No.5 Rev 4
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310915199 3.7 1 un1519dmsunsI9geusIenTs Llegn1soudetayasening
= = o = ] 4

fuoad 1 fefiwead 4 Marunsaeusenulinsamuiinein1svsell wasdia1usagnis

Vausadayalaainutnae Usage of Device Bandwidth Taeldlusunsy Network

Configurator 33U 3.36

- S _— — — —— T
B oo 14202+ Nework Contgrator = -_—— - - B A = (E e
Il File  Edit  View  Netwark EDSFile  Tools Option - Help
I~ = I S N | | & L how | [EE0 | e
% CE IR an By 8 i
) EtheiMlet/IP_1 Ussge of Device Bandwidth £
Bl setveost, Congpaston
= EthertetnIP Hordware n . ﬁ Contrent Usage of Capac..  Mbafs iwithout M., Usege of IP sk,
.;s:.scmcu ---- S0 o BEZ G/ % (203 0 M. F
i (il CPOAS TEWESOW  TEWERISAN RS0 mma,l@“ﬂiﬁi’w“ = ST TR ERT R T 2
+ (& OHRON Cogstion [l [=3 1A T2l | P raaesasaze Til 000000 % 0035 0 158 ML .
L R 1815001 14 s 14500 Ly | &p 102 00 28020 T2 Q00(0.001% 0035 (0150 Mbi..
St Packat Interval (RFY
| Pachet Iniesval [RPI]
BB 05 100000 s !
Twged [Trcm it
|
52 1625 T
152,168 25020 T
[2] 152168290 21 i
'
v & __oo B | 8.9 | . L %
Al NOTE - Fussatie FFS hoe degends on e dece s, [ el Pachatimeya 1 .| | use0e o IF mulicaat addiacses 4 [ B ]
M Fieaze confam the rezull on - . Mtk Todal o Max Mt 0 S0
LEthalNel1P  Tilnknown  OMRKTOOLBUS | GIZACP UGt 115200 Bit/s . @ O-line HUM
-——— e = = = < ==

U1 3.36 18N1579A10159L0NNI98 (Set Packet Interval)

ntnae Network Configuration Iﬁﬂaﬂﬁﬁu Detail L@n9%111199 Usage of Device
Bandwidth AnsuduiiA1Lvindy 50 ms fa3un 3.36 lun1sveaeudniswdsy A1e1sile

(Request Packet Interval -RPI) [10] Fostolud
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Y

1. H9AD153 LD Wiy 50 ms

A5 WY 10 ms

See
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Y

f9A1915NW L WU 5 ms

1 13

3 a ! L
9]\1?1’1@’]3‘1/\11@ bMINU 1 ms
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WalUSeuiisunisviulunsdedeyagiindnadenisidaiuaiuisaves giglu
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ueadunagiegnelsing



Wensrasiile nsdifiuead 4 gawindu 50 ms nailaldununised 3.8

M19197 3.8 wafileannsaaAtesilawindu 50 ms dmsunsaiiuesd 4y

Device Number of Usage of Mbit/Sec (Without Multicast
Word per Tag Capacity Filter)
PLC1 C1 100 6.67 (6.67) % 0.203 (0.203) Mbit/Sec
PLC2 C2 80 4.00 (5.33) % 0.134 (0.168) Mbit/Sec
PLC3 Trl 10 0.00 (0.00) % 0.035 (0.158) Mbit/Sec
PLCA Tr2 10 0.00 (0.00) % 0.035 (0.158) Mbit/Sec

dlomaAnansiile neaifinead 4 yawindu 10 ms naftleilumunnsnei 3.9

a v & & PN, ° ) A ~
M19199 3.9 wafilganmsadatesiilewiniu 10 ms dmsunsaiiuesd 4y

Device Number of Usage of Mbit/Sec (Without
Word per Tag Capacity Multicast Filter)
PLC1 C1 100 28.00 (28.00) % 0.904 (0.904) Mbit/Sec
PLC2 C2 80 14.67 (21.33) % 0.559 (0.728) Mbit/Sec
PLC3 Trl 10 0.00 (0.00) % 0.173 (0.789) Mbit/Sec
PLC4 Tr2 10 0.00 (0.00) % 0.173 (0.789) Mbit/Sec

dlensArensiile nsdifiuead 4 gauindu 5 ms nanlaidunumisnei 3.10

M19197 3.10 HaNlAdINNIsAsA Tl iU 5 ms dmsunstliinead 4 yn

Device Number of Usage of Mbit/Sec (Without
Word per Tag Capacity Multicast Filter)
PLC1 C1 100 54.67 (54.67) % 1.781 (1.781) Mbit/Sec
PLC2 C2 80 28.00 (41.33) % 1.090 (1.429) Mbit/Sec
PLC3 Trl 10 0.00 (0.00) % 0.346 (1.578) Mbit/Sec
PLCA Tr2 10 0.00 (0.00) % 0.346 (1.578) Mbit/Sec
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densransiile nsdifiuead 4 gawindu 1 ms nadliidununisnei 3.11

M19197 3.11 HaNlAaNN1sAsAITHLaWIU 1 ms dmTunsalituead 4 ¢a

Device Number of | Usage of Capacity Mbit/Sec (Without
Word per Tag Multicast Filter)
PLC1 C1 100 268.00 (268.00) % | 8.796 (8.796) Mbit/Sec
PLC2 C2 80 134.67 (201.33) % | 5.340 (7.036) Mbit/Sec
PLC3 Trl 10 0.00 (0.00) % 1.728 (7.888) Mbit/Sec
PLCA Tr2 10 0.00 (0.00) % 1.728 (7.888) Mbit/Sec

nuadilanandiiuiinisaanantunisdsioyadn (Set Packet Interval) liitioead
ilvisedldninensvesiineatvdniunsiineuwazSudeloyaininTuianisasen a15ile

IvsnzauiudeyanldSudeszninaiy

3.7 asiunsancesudedayaainiiuead 4 aa iuiiuead 6 ya

s nnsAnRsEUU 4 daudsuies Aldinisfndssruunsdaiuaudiiiugn
6 Tladnutveandu 2 druau wazthldasiedmuansuaouiieesilidadsludey
uth Tnedeueslualldfafsiiuond 5 uazfinoad 6 lifudnuauuiaslufegui 3.35 uazi

AN UsaNiuoaTRIgUN 3.37

3UM 3.37 N1590NLUUNSININTNVUNLUALANLIUAUTBINTEAWNNNL LAY



ile Edit View Network

Device EDSFile Tools Option Help

==

& e €|8 L 2eX |5

|Xe|adl e

vl e enm s s s

@ Metwark, Configuratar

B@ Wendar

=) @ EtherNet/IP Hardware

| ) EtherNetP_L |

(& Grid Conrect
(3 ICPDAS 192168.25010 19216825020 192168.25011  1921B8.250.21  192168.25012  152.1B8.280.13
— '_’D" OMRON Corporation C1 T -EIPET c2 PTw/-EIPE1 CI2MEIP21 CI2M-EIPN
= o]
B"@ DeviceTyps l jlﬂ. 5010 l@ 5010 1@...50.10 1|Z| .B010 JE. 010
ﬁ!i Communications Adapter
rh!i Generic Device
Uszage of Device Bandwidth
Ready L:EtherMet/IP T:Unknown OMRO:TOOLBUS  CJ2-CPlhec 115200 Bit/s (2 Off-line NUM

gﬂﬁ 3.38 msﬁaﬂmqﬂmaﬁ EtherNet/IP 910 ¢ goudu 6 4n

msiunsideusedenanuantlilugun 3.38 WWunsiinuindeya nedigeiunu

FREgNIuesueeslifiuead 5 uariiuead 6 lnuiiuuindunazuiinie v gaiuauaz 40

s A > o7 as U I A = = = a T 3 ¢ 1w s
VL‘UG]‘WTE]L‘VHWU 20 1339 ANUUNLLDAY 5 LLAZWILEA%Y 6 LWULLNNDUKAZLNALDINLNINY 80 IUW

40 13a Aauansluguin 3.39 dawlSununislideyasudanersiilen 50 ms uanslilugua

3.40

Connections | Tag Sets

In - Congume | Ot - Producs

Name
5C1_Fom_C2_Word
EFC1_From_C2_Bit

¥ C1_From_C3_Word
#ZC1_From_C4_Word
EFC1_From_Tr1_Word
¥&5|C1_From_Tr2_Waord

Size Bit 18]
B0Byte Auto
B0Byte Auta
A0Byte Futo
A0Byte Auto
20Byte Hutto
20Byte Auto

(o) (] (o)
[ EdiTags.. | [ Deletcallofunused TagSets | Usage Count: 12732 | Imoot | [ To/FomFie |

JUN 3.39 YSunaudeyanldTuds ndliiuead 6 yn



# Comment Uszage of Capacit...  Mbit/s [without M...  Uszage of IP multi...

£ 192168.25010  C1 1067 [10.67) % 0.311 (0.3171) Mbit/s 4
£ 192168.25020  CPTW-EIFE1 0.00[0.00] % 0,035 (0.238) Mbi... z
& 19zieason o2 400([8.000 % 0134 [0.248) Mbi... 2
£ 192168.250.21  CPTW-EIPET 0.00[0.00]% 0,035 (0.238) Mbi... B
£ 192168.25012  CIZMEIP21 200(7.331%  0.054 [0.235) Mbi.. 1
£ 19216825013 CI2MEIP21 200[7.331% 0.054 [0.235) Mbi.. 1

Total usage of P multicast addreszes 8
Set Packet Interval (RFI] . Cloze
L ‘J Metwork Tatal of Max kbitds : 0.211Mbitds :|

JUN 3.40 n1srse1siilawiniu 50 ms nyaifiuead 6 ¥n

dlosad1ensiite ntifinead 6 Yawindu 50 ms nadibelumunisnei 3.12

M19197 3.12 HaNlARINNIIAIAID1S WY 50 ms dmsunsaiiiuead 6 9a

Device Number of Usage of Mbit/Sec (Without
Word per Tag Capacity Multicast Filter)
RLCE &L 140 10.67 (10.67) % | 0.311 (0.311) Mbit/Sec
PLC2 C2 80 4.00 (8.00) % 0.134 (0.248) Mbit/Sec
PLC3 Trl 10 0.00 (0.00) % 0.035 (0.238) Mbit/Sec
PLCA Tr2 10 0.00 (0.00) % 0.035 (0.238) Mbit/Sec
PLC5 C3 20 2.00(7.33) % 0.054 (0.235) Mbit/Sec
PLC6 C4 20 2.00(7.33) % 0.054 (0.235) Mbit/Sec




Wansransitle nsdifiuead 6 gawindu 10 ms nailadununnsan 3.13

M19197 3.13 HaNlAa1NN1IAIAIDNSLWINAY 10 ms dmTunsaliiuead 6 4a

Device Number of Usage of Mbit/Sec (Without
Word per Tag Capacity Multicast Filter)
PLC1 C1 140 42.67 (42.67) % 1.335 (1.335) Mbit/Sec
PLC2 C2 80 14.67 (34.67) % 0.559 (1.132) Mbit/Sec
PLC3 Trl 10 0.00 (0.00) % 0.173 (1.192) Mbit/Sec
PLCA Tr2 10 0.00 (0.00) % 0.173 (1.192) Mbit/Sec
PLC5 C3 20 7.33(7.33) % 0.215(1.118) Mbit/Sec
PLC6 C4 20 7.33(7.33) % 0.215 (1.118) Mbit/Sec

dlomadnensiile nsdlfiwead 6 gawiniu 5 ms wafilallununisnei 3.14

i PRy & ¢ ) XS B N =
M19719N 3.14 NamlmﬁlﬂﬂﬂﬁﬁmdﬂﬂaﬂﬁwiaLmﬂ‘U 5 ms @NIUNTUNLDAY 6 sq@!

Device Number of Usage of Mbit/Sec (Without
Word per Tag Capacity Multicast Filter)
PLC1 C1 140 82.67 (82.67) % 2.615 (2.615) Mbit/Sec
PLCZ2 C2 80 28.00 (68.00) % 1.090 (2.236) Mbit/Sec
RLS3 <l 10 0.00 (0.00) % 0.346 (2.384) Mbit/Sec
PLC4 Tr2 10 0.00 (0.00) % 0.346 (2.384) Mbit/Sec
PLC5 C3 20 14.00 (67.33) % 0.417 (2.222) Mbit/Sec
PLC6 C4 20 14.00 (67.33) % 0.417 (2.222) Mbit/Sec

56
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Wlernsrasiile nsdifiuead 6 gawindu 1 ms nadlidununisei 3.15

M19197 3.15 HaNlANN1sAsAITHLaWIU 1 ms dmTunsalituead 6 ¢a

Device Number of | Usage of Capacity Mbit/Sec (Without
Word per Tag Multicast Filter)
PLC1 C1 140 402.67 (402.67) % | 12.855 (12.855) Mbit/Sec
PLC2 C2 80 134.67 (334.67) % | 5.340 (11.068) Mbit/Sec
PLC3 Trl 10 0.00 (0.00) % 1.728 (11.920) Mbit/Sec
PLCA Tr2 10 0.00 (0.00) % 1.728 (11.920) Mbit/Sec
PLC5 C3 20 67.33 (334.00) % | 2.030 (11.054) Mbit/Sec
PLC6 Ca 20 67.33 (334.00) % 2.030 (11.054) Mbit/Sec
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n1sieulesteyavenasosinsurasdiulaldssuuguniaiusnd/ivanuuliatsunussuy
a1l wagluslaaeanlilunisdeanshe EtherNet/IP liasainldlassadieiiugiuuedssuy
Swesilinuniau Juibianunsaldausiuduiugunsaliuniotnglavainvaney Ndfey
aunsallunguiidisnangn anmsinaninistdauegiunsratsuasiinisdnidudiuaumn
NavBININAdRUAINITaRaRIIUlAlauN1s AR SlouazaraveInsaslayalAfIn1 1
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uni 4

A3UNANITIVLUATUBLE UL
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NMIDBNLULITUUTILRldnaaaunTiumiussuuNsdafvaudieu

N1sWaR WIP sauiusavuaiedunensdl lngldiiuead 4 drsiudussuvaunsalu3nd/iud

wuulfaneldlaglifatym uardiamsafiuanuilunmadeudedeyalvfuszuuls mn

[y A

ayafldSudalusuinaliguindenisnan 4.1 kagnnsnei 4.2 laeldiinead 4 daaunla

e

o A o a o aa (Y [ v @ [y 1Y a 3
UNAUD LAZLUDUNITINUNLDATDN 2 /7 53UUU 6 mﬂmmsmuawazﬂaauwmammwwm

Tamuniniseanwuul) daanslunisen 4.3 Wazas19i 4.4

M13199 4.1 ToyanlduaniuBeusenineiiuead 1 fefiuead 4

Device PLC1 PLC2 PLC3 PLC4
Memory IN ouT IN OouT IN OUT IN ouT

Word 40 40

Word 40 40

Word 10 10

Word 10 10

Word 10 10

Word 10 10
Bit(Array) | 40 40
Bit(Array) 40 a0

Total 100 100 80 80 10 10 10 10

-

fuead 1 Wiy Bune 100 sAwaziemING 100 135 (533 200 L35A)

I a

fuead 2 wiriu Bunm 80 LITauazianying 80 135 (531 160 1350)

[y a

Wuead 3 Wiy Bunm 10 LITauazianving 10 1S (53 20 135A)

fuead 4 Wiy dune 10 B5aLaze1ving 10 K59 (533 20 135A)
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ayunanisldanuanunsovesiivead TunsainisasAensilensusd 1 ms i3 50 ms

M15197 4.2 nan1saeAneIsilensaliiuead 4 4m

Device RPI 50 ms RPI 10 ms RPI 5 ms RPI'1 ms

Usage of | Mbit/s | Usage of | Mbit/s | Usage of | Mbit/s | Usage of | Mbit/s
Capacity Capacity Capacity Capacity

PLC1 6.67 % 0.203 | 28.00% | 0.904 | 54.67 % | 1.781 | 268.00 % | 8.796

PLC2 5.33 % 0.168 | 21.33% | 0.728 | 41.33 % | 1.429 | 134.67 % | 7.036

CP1W for | 0.00 % 0.158 0.00 % 0.789 0.00 % 1.578 0.00 % 7.888
PLC3

CP1W for | 0.00 % 0.158 0.00 % 0.789 0.00 % 1.578 0.00 % 7.888

PLC4

A15197 4.3 JeyanlduaniUdeusenininead 1 feileat 6

Device PLC1 PLC2 PLC3 PLCA PLC5 PLC6
Memory IN | OUT | IN [QUT | IN | OUT | IN [ OUT | IN | Qut| IN | OUT
Word 40 40

Word 40 | 40

Word 10 10

Word 10 10

Word 10 10

Word 10 10

Bit (Array) | 40 40

Bit (Array) 40 | 40

Word 20 20

Word 20 20

Word 20 20
Word 20 20
Total 140 140 | 80 | 80 | 10| 10 |10| 10 | 20| 20 | 20 | 20




Noad 1 L
Noad 2 1w
Noad 3 WU
Noad 4 N
Noad 5 N

fuaad 6 Wiy Bune 20 KSALazio1ving 20 1350 (59w 40 135n)

v a

VINU BUNR

[y a

U BUNM

a

[y a

ffu Bunm

[y a

U BUNA

UM

140 dsauagianving 140 1350 (593 280 135)

80 LIALALLEN
10 A5ALALLN
10 A5ALAZLINNA 10 1350 (571 20 1A5A)

20 ISAuazio1ving 20 135A (33u 40 135n)

3

q

3

q

q

a & ¢ aa =
A1919N 4.4 Naﬂ’ﬁmmmiwlaﬂimwuaa% 6 sqﬂ

NNG

NNGH

80 1357 (571 160 1357)

10 1350 (57 20 135A)
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Device RPI 50 ms RPI 10 ms RPI'5 ms RPI'T ms
Usage of | Mbit/s | Usage of | Mbit/s | Usage of | Mbit/s | Usage of | Mbit/s
Capacity Capacity Capacity Capacity
PLC1 10.67 % 0.311 | 42.67 % | 1.335 | 82.67% | 2.615 | 402.67 % | 12.855
PLC2 8.00 % 0.248 | 34.67 % | 1.132 | 68.00 % | 2.236 | 334.67 % | 11.068
CP1W for 0.00 % 0.238 | 0.00 % 1.192 | 0.00% | 2.384 | 0.00% | 11.920
PLC3
CP1W for 0.00 % 0.238 | 0.00 % 1,192 | 0.00% | 2.384 | 0.00 % | 11.920
PLCA
PLC5 7.33 % 0.235 | 34.00 % | 1.118 | 67.33 % | 2.222 | 334.00 % | 11.054
PLC6 7.33 % 0.235 | 34.00 % | 1.118 | 67.33% | 2.222 | 334.00 % | 11.054
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4.2 Yarduanuzlun1snilAece
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09:10~09:25 FAO1-1

The Multi-agent Rendezvous using Gossip and
Consensus Algorithms: Directed Bipartite
Connection

Hong-Kyong Kim, Younghun John, Hyo-Sung Ahn(GIST,
Korea)

The multi-agent system is @ hot topic in.control systems
theory. Consensus algorithm and gossip algorithm are two
main examples of multi-agent systems control. Consensus
algorithm converges from different initial- values of agents to a
certain value in a given graph. Gossip algorithm is similar to
consensus but the graph is randomly selected each time. In
this paper, we propcse a new concept of a cluster graph
where it is composed of three parts: one set of agents with
fixed connections, another  set of agents with  randomly
selected connections, and lastly fixed edges connecting the
two former m

09:25~09:40 FAQi1-2

Development of a Drilling Robot that Mimics
Mole Digging Pattern

Development of a Drilling Robet that Mimics Mole Digging
Pattern

Recently, the drilling systems are widely used for various
purposes, but in_harsh environment such as Arctic or space, it
is hard to apply these systems since they require lots of
equipment and labors. There are various researches to solve
these problems, but they are still in development stage due to
low drilling performance. To solve this problem. we exploit the
digging habits of moles. In_this paper, we propose the
excavation mechanism of the embedded drilling robot
including cutting removal and balancing in the hole, which are
inspired by a type of mole known as the African mole-rat.

Yawmg Mot'lon Control of a Smgle-WheeI Flobo!
Actuated by a Control Moment Gyroscope

Hyun W Kim, Seul Jung(Chungnam National University, Korea)

In this paper, the yawing motion of a single-wheel robot
(SWR) is controlled by a control moment gyroscope (CMG).
The CMG is designed and implemented for generating toraue
in the yawing direction of a SWR. The CMG has a scisssored
pair that is composed of twg gimbal system rotating in the
opposite direction to -maximize the induced torque. Qur CMG
is designed to generate 0.4 Nm.so that it contrals the v—m”g
motion of SWR. Experimental studies of controlling the.SW.
are presented to confirm the control of yawing motion.

09:55<10:10 ~ FAO1-4

Multl PLC Control System Based on Wireless
Bridge/Base Stations for Work-in-Process
Movements in Corrugated Box Manufacturer

Krit Smerpitak. Woravut Jearnpanitpong, Amphawan
Julsereewong, Teerawat Thepmanee(King Mongkut's Institute
of Technology Ladkrabang (KMITL), Thailand)

This paper presents a technique to design and imp sment a
cooperative control of two groups with three conveyor:
two rail guided vehicles (RGVs) by using two ma
slave programmable logic controllers (PLCs), re
controlled . conveyors RGVs | are
work=in-precess. (WIP) ts between a
siX Sprinting /machi
The Drﬁc:)sed tech

Cs. and & host apglic

cation

10:10~10:25 FAO1-5

Desian of Output Feedback Nonlinear Model
Predictive Control for Inverted Pendulum on
Cart

Petchakrit Pinyopawasutthi, David
Banjerdpongchai(Chulalongkorn university, Thailand), Qishi
Yasuaki(Nanzan University, Japan)

This paper presents designing of output feedback nonlinear
model predictive control (NMPC) for nonlinear systems. NMPC
employs the state feedback and updates the control input at
each sampling step. The control design of NMPC is
formulated as optimal control which reguires the information of
states of the process. However, in practice, we can measure
only some states of the process. This paper aims to use the
state observer to estimate the unknown states and use them
as feedback for NMPC. We apply output feedback NMPC to
inverted pendulum on cart. Numerical results show the
response of output.

et NS
,10 25 ?;Q{ﬂ'\gg FAO1-6
A Prototype System to Count Nursery Pacific
White Shrimp using Image Processing

n, Sumit Panaudomsup, Thepjit
s Institute of Technology Ladkrabang.
Thailand)

r proposes a counting system for estimating the
b\um&SQ of nursery-stage pacific white shrimp in an indoor
cultured tank using an image processing technique. The
outcome is to reduce an over feed and water quality issue. As
a result. it leads to the reduction of an operation cost in an
indoor production system because the operation cost is mainly
caused by feed and water treatment. Shrimp’s biomass Is
directly used to determine an amount of feed. In Thailand,
farmers currently use the sampling cup to sample and
estimate a shrimp density. This traditional method depends on
experiment.
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Multi-PLC Control System Based on Wireless Bridge/Base Stations for
Work-in-Process Movements in Corrugated Box Manufacturer

Krit Smerpitak, Woravut Jearnpanitpong,
Amphawan Julsereewong”, Teerawat Thepmanee

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, 10520, Thailand (amphawan.ju@kmitl.ac.th)* Corresponding author

Abstract: This paper presents a practical technique to design and implement a cooperative control of two groups with
three conveyors and two rail guided vehicles (RGVs) by using two master and two slave programmable logic
controllers (PLCs), respectively. The controlled conveyors and RGVs are utilized for work-in-process (WIP)
movements between a corrugator and six printing machines in a manufacturer of corrugated paper boxes. The proposed
technique is based on the use of wireless bridge/base stations modeled Ubiquiti Rocket M5 and Loco M5 for
interconnections of two master PLCs modeled Omron CJ2M-CPU31, two slave PLCs modeled Omron
CP1L-M40DT-D and connected with Omron CP1W-EIP61 module, and a host application over a control network to
communicate with each other through EtherNet/IP technology. Input and output devices of each controlled subsystem
are hardwired to each PLC. The transmission and reception schemes to enable real-time input/output data exchanges
between the PLCs are specified with tag names for cyclic communications on data links. The proposed multi-PLC
control system for WIP movements can operate in accordance with the manufacturer’s requirements.

Keywords: PLC, EtherNet/IP, wireless bridge/base station, cooperative control, WIP movement, RGV, conveyor.

1. INTRODUCTION

Recently, automated material handling systems are
widely employed in industrial manufacturers to achieve
high levels of productivity and profitability [1]-[2].
Delivering raw materials or moving work-in-process
(WIP) pieces, to the right place at the right time is a key
aspect of ensuring operational efficiency. These systems
are based on the use of material transport equipment
such as industrial trucks, automated guided vehicles, rail
guided vehicles (RGVs), and conveyors. Controlling the
material transport equipment is custom-built to meet
specific individual requirements, which can be based on
centralized, decentralized, or hybrid architecture [3]-[5].
Based on centralized control approach, high throughputs
can be obtained because all computation tasks are
performed internally in one central processor, whereas
based on decentralized control approach, high flexibility
and adaptability can be achieved because computation
tasks are distributed among interconnected subsystems.
However, one of major limitations of decentralized
control strategy is the increased effort required to
coordinate interactions between individual subsystems.
Alternatively, the hybrid approach attempts to combine
the benefits of both centralized and decentralized
architectures [6].

To reduce an impact of single failure to entire system
in moderate-size manufacturing applications of 100-500
input/output points, the original master control by using
single programmable logic controller (PLC) has been
replaced by hierarchical control or distributed control by

using multiple PLCs connected on the same network [7].

Most modern PLCs provide Ethernet-based networking
capabilities for high-volume data exchange in real time.
EtherNet/IP defined in IEC 61784 standard is one of
open technologies designed for industrial control
networks [8]. EtherNet/IP technology offers the flexible

installation options including copper, fiber, and wireless
solutions.  When implementing wireless EtherNet/IP
systems, bandwidth limitations as well as amount of
data being communicated must be considered [9].

The aim of this paper is to present a wireless
EtherNet/IP system by utilizing multiple PLCs for
cooperatively controlling the conveyors and the RGVs
to transfer WIP pieces between a single corrugator of
corrugating process and six printing machines of
converting process in a corrugated box manufacturer. A
practical technique to create the cooperative control of
two master PLCs used to control two groups of three
conveyors and two slave PLCs used to control two
RGVs is proposed. The usage of device bandwidth for
the created wireless control network is also included.

2. STUDIED WIP BUFFER

In corrugated box manufacture, there are typically
two main processes: corrugating process to produce box
blanks and converting process to form finished boxes.
From a paper mill, rolls of kraft paper are transported to
the corrugating section that utilizes a corrugator to make
different kinds of corrugated cardboard sheets, which
depend on the required fluting, coating, strength, color,
shape, and size of the box. At the end of the corrugator,
the continuous sheet of cardboard is cut into box blanks,
which are then transferred to the WIP buffer for waiting
in a queue in short period for further processing in the
next stage that is the converting section for printing,
cutting, and gluing in accordance with each individual
customer’s requirements to form the box. Finally,
batches of finished boxes are then stacked and wrapped
together for shipping to the customers. Fig. 1 displays
the studied WIP buffer at a corrugated box manufacturer
in Thailand, which consists of a lot of conveyors, each
with a length of 20 m as shown in Fig. 2.
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Fig. 1 Studied WIP buffer in the box manufacturer.
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Fig. 3 Rail guided vehicle used in manual operation.

In the past, all conveyors installed in the studied WIP
buffer were manually controlled by skilled operators.
Moreover, all movements of stacks of corrugated
cardboard sheets or box blanks from the corruator in
corrugating section to the studied WIP buffer as well as
from the studied WIP buffer to the printing machines in
the converting section were also manually performed by
rail guided vehicles illustrated in Fig. 3.
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Since the on-time delivery of WIP pieces has an
important role for enabling smooth production flow in
the manufacturer. To ensure the delivery reliability of
WIP pieces, the automated delivery system is required.
Because of limited annual budget of the manufacturer
for this targeted project, only partial WIP buffer
consisting of six conveyors is specified to improve from
manual control to automatic control in the first phase.
The automatic control systems of remained WIP
conveyors will be gradually expanded in further phases.

3. PROPOSED CONTROL SYSTEM
3.1 Hardware Architecture Details

Fig. 4 illustrates an overview layout of the improved
WIP buffer when assigning the WIP conveyors No.1-6
to connect the printing machines No.1-6, respectively.
The RGV1 and RGV?2 can travel vertically between the
corrugating process and the improved WIP buffer and
between the improved WIP buffer and the converting
process, respectively. The RGV1 picks up stacks of box
blanks from the output conveyor next to the corrugator
and places the stacks on one of the WIP conveyors in
accordance with the specified job order number. Once
the stacks of box blanks are placed on the beginning of
the defined WIP conveyor, these stacks are then moved
to the RGV2 for transporting them to the input conveyor
in front of the related printing machine.

In order to increase the system availability and
provide the expansion flexibility, the proposed control
system is based on distributed concept by using multiple
PLCs to cooperate together. Two master PLCs (PLC1
and PLC2) modeled Omron CJ2M-CPU31 with built-in
EtherNet/IP port and two slave PLCs (PLC3 and PLC4)
modeled Omron CP1L-M40DT-D and connected with
Omron CP1W-EIP61 EtherNet/IP module are utilized to
control the sequential operations of two groups with
three conveyors installed in the improved WIP buffer
(WIP conveyors No.1-3 and No.4-6) and two automated
guided vehicles (RGV1 and RGV2), respectively. Fig. 5
shows the system architecture of the proposed control
system that allows each PLC used for controlling each
individual subsystem with hardwired digital-input and
digital-output connections. The PLCs and the host
application are communicated with each other through

Corrugating Process Improved WIP Buffer Converting Process

| |
— 0 — i i —
Output | | Input Printing
Conveyor ‘ ’ R ‘ Conveyorl || Machinel
RGV1 ’ ‘ Input Printing
WIP Conveyor2 ‘ ’ ‘ ’ "
RGV2 || Conveyor2 || Machine2
:
| | WIP Conveyor3 Input Printing
o Y ———1| Conveyor3 || Machine3
4 g
Corruator i i i i —
Input Printing
} ‘ } ’ Wil G ‘ } } Conveyor4 H Machine4
| | : | |
! ! ! ! Input ‘ ’ Printing
i i ’ Wl Caiveei ‘ i i ’ Conveyor5 || Machine5
- - - Tnput Printing
| | | |
} } ’ WP C e ‘ } } ’ConveyorBH Machine6
P P
| 1 I |

Fig. 4 Overview layout of the improved WIP buffer.
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Fig. 5 System architecture of the proposed control.

Table 1 Details of major input and output devices installed in subsystems.

Subsystem Device Function and Model Manufacturer
WIP Conveyors No.1-6 Photo Sensor, E3Z-D62 Omron
Operation Control Panel Schneider
Inverter, FRN 05C2S-4A Fuji
RGV1 and RGV2 Photo Sensor, E3Z-D62 Omron
Operation Control Panel Schneider
Safety Laser Scanner, SZ-04M Keyence
Inverter, FRN 05C2S-4A Fuji
Inverter, FRN 5.5E1S-4A Fuji
Table 2 IP addresses and MAC addresses for network setup.
Device IP Address MAC Address

Host Application 192.168.250.99

Ubiquiti Rocket M5 Module connected with Host Application 192.168.250.79

44:D9:E7:A8:F2:5A

PLC1 for WIP Conveyors No.1-3 192.168.250.10

Ubiquiti Rocket M5 Module for Connected with PLC1 192.168.250.80

80:2A:A8:7C:B9:E8

PLC2 for WIP Conveyors No.4-6 192.168.250.11

Ubiquiti Rocket M5 Module Connected with PLC2 192.168.250.81

80:2A:A8:00:6A:16

Omron CP1IW-EIP61 Module Connected with PLC3 192.168.250.20

Ubiquiti Loco M5 Module Used for PLC3 192.168.250.90

80:2A:A8:7C:B0:C2

Omron CP1W-EIP61 Module Connected with PLC4 192.168.250.21

Ubiquiti Loco M5 Module Used for PLC4 192.168.250.91

80:2A:A8:60:B2:09




EtherNet/IP technology over the wireless control
network to suit for hardware installation, especially on
the RGVs. The wireless bridge/base stations modeled
Ubiquiti Rocket M5 are used for interconnecting the
PLC1 and PLC2, while the wireless bridge/base stations
modeled Ubiquiti Loco M5 are used for interconnecting
the PLC3 and PLC4. Table 1 gives the details of major
devices connected with the PLCs to control the WIP
conveyors and the RGVs. Table 2 summarizes the IP
addresses and MAC addresses for network setup.

3.2 Developed Program Descriptions

Allocating stacks of box blanks received from the
corrugator to the WIP conveyors as well as transporting
the stacks from the WIP conveyors to the printing
machines is set by job order number. This means that
the stacks of box blanks are linked to the printing
machine on which they require to be processed from the
job order number. Fig. 6 illustrates the flowchart for the
PLC3 to control the sequential operations of the RGV1
when defining the Positionl at the output conveyor of
the corrugator for picking up stacks of box blanks to
place on the RGV bays No.1-2. From the defined LineX,
the RGV1 then moves to the WIP conveyor No.X,
where X is 1, 2, ..., or 6. Once the RGV1 stops at the
desired position, the stacks of box blanks are transferred
to the beginning of the WIP conveyor. Then the RGV1
moves back to the Positionl. The sequential operations
of the WIP conveyors No.1-3 controlled by the PLC1
and the WIP conveyors No.4-6 controlled by the PLC2
are similar. The flowchart as depicted in Fig. 7
describes the steps of operations of the PLC1 and PLC2.

RGV1 stops at
Positionl

v
Picks up stacks of RGV1 moves to
box blanks to Bay1 Positionl

i ;

Picks up stacks of
box blanks to Bay2

Defined LineX
from job order

Position1= LineX

RGV1 moves to WIP
ConveyorX

Places stacks of
box blanks from Bayl |
on WIP ConveyorX

Places stacks of
box blanks from Bay2
on WIP ConveyorX

Fig. 6 Flowchart for PLC3 to control the RGV1.
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Receives ‘Reverse’
ommand from RGV.

WIP ConveyorX switches
to Manual mode

Move stacks of
box blanks backward
to RGV1

Receives ‘Forward’
ommand from RGV.

WIP Conveyors
run in Auto mode

WIP ConveyorX switches
to Manual mode

Move stacks of
box blanks forwardward
to RGV2

Fig. 7 Flowchart for PLC1 and PLC2 to control the
conveyors of the improved WIP buffer.

Defined LineX
from job order

Printing machine
requires box blanks

RGV2 moves to WIP
ConveyorX

Picks up stacks of
box blanks on WIP
ConveyorX to Bayl

Picks up stacks of
box blanks on WIP
ConveyorX to Bay2

RGV2 moves to Input
ConveyorX

Places stacks of
box blanks from Bay1
on Input ConveyorX

Places stacks of
box blanks from Bay2
on Input ConveyorX

RGV2 stops moving |«

Fig. 8 Flowchart for PL.C4 to control the RGV2.
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Fig. 9 Logical diagram for tag data links defined in the proposed system.

Table 3 Some global tags for PLC programming to implement the proposed system.

Global Tag PLC1 PLC2 PLC3 PLC4 Description
Trl_L1 REV IN | W300.01 OUT | D1000.01 To reverse WIP
conveyor No.1
Trl L2 REV IN | W301.01 OUT | D1001.01 To reverse WIP
conveyor No.2
Tr2_L1_FWD | IN | W310.00 OUT | D1000.00 | To forward WIP
conveyor No.1
Tr2_L1_REV | IN | W310.01 OUT | D1000.01 To reverse WIP
conveyor No.1
Tr2_L2_FWD | IN | W311.00 OUT | D1001.00 | To forward WIP
conveyor No.2
Tr2_L2_REV | IN | W311.01 OUT | D1001.01 To reverse WIP
conveyor No.2
Tr2_L3_FWD | OUT | W252.00 | IN | W152.00 To forward WIP
conveyor No.3
Tr2_L3_REV | OUT | W252.01 | IN | W152.01 To reverse WIP
conveyor No.3
Tr2_L4_FWD | OUT | W253.00 | IN | W153.00 To forward WIP
conveyor No.4
Tr2_L4 REV | OUT | W253.01 | IN | W153.01 To reverse WIP
conveyor No.4
Tr2_L5_FWD | OUT | W254.00 | IN | W154.00 To forward WIP
conveyor No.5
Tr2_L5 REV | OUT | W254.01 | IN | W154.01 To reverse WIP
conveyor No.5

In case of normal, these two PLCs work in the
automatic (Auto) mode for transporting the stacks of
box blanks entered the WIP buffer to the linked printing
machine. Sometimes, there is a possibility to change the
transport route from the WIP conveyor No.X to other by
using the ‘Reverse’ command sent from the PLC3 used
to control the RGV1. The movement direction of the
WIP conveyor No.X is then reversed and controlled by
the operator for transporting the stacks of box blanks
backward to the RGV1. Additionally, if there is a
problem, it is also possible to use the previous transport
route with the WIP conveyor No.X by using the
‘Forward’ command sent from the PLC4 used to control
the RGV2. The movement of the WIP conveyor No.X is
then controlled by the operator for transporting the
stacks of box blanks forward to the RGV2. Fig. 8 shows
the flowchart for the PLC4 to control the sequential

operations of the RGV2. Based on the job order number,
the linked printing machine requests the stacks of box
blanks. The RGV2 moves to the related WIP conveyor
No.X for picking up the stacks of box blanks to the
RGV bays No.1-2. The RGV2 then moves to the input
conveyor No.X in front of the linked printing machine.
Once the RGV?2 stops at the desired position, the stacks
of box blanks from its bay No.1-2 are fed to the targeted
printing machine, and then the RGV2 stops the moving.

3.3 Tag Data Links to Cooperate the PLCs

Four EtherNet/IP-capable devices in the proposed
system (PLC1, PLC2, and two CP1W-EIP61 modules
connected with PLC3 and PLC4) can send and receive
real-time 1/0 data in cyclic manner by using tag data
links. The data can be exchanged over the network at the
specified packet interval, which is called refresh cycle.



(a) at the WIP buffer (b) inside the cabinet
Fig. 10 Installation of the power cabinet for PLCL.

(@) at the RGV1 (b) inside the cabinet
Fig. 11 Installation of the power cabinet for PLC3.

Table 4 Usage of device bandwidth capacity.

Device Number of Usage of | Mbit/s
Words per Tag | Capacity
PLC1 100 6.67 % 0.203
PLC2 80 5.33 % 0.168
CP1W for 10 0.00 % 0.158
PLC3
CP1W for 10 0.00 % 0.158
PLC4

Fig. 9 shows a logical diagram for tag data links
defined in the proposed system for cooperative control
of the RGV1, RGV2, and WIP conveyors. The PLCL is
assigned as the originator, while the others are assigned
as the target devices. Table 3 gives some global tags
specified for PLC programming based on the flowcharts
of Figs. 6-8 to implement the proposed control system.
These tags are related to input (IN) and output (OUT)
device tag names referred in Fig. 9.

4. IMPLEMENTED SYSTEM

The proposed system implemented in the studied
WIP buffer can cooperatively control the RGVs and

WIP conveyors for WIP movements by using four PLCs.

To save space, Figs. 10 and 11 display only the
installations of the power cabinets for the PLC1 used to
control the WIP conveyors No.1-3 and for the PLC3
used to control the RGV1, respectively. From the
Network Calculator of the CX-Programmer, Table 4
summarizes the usage of bandwidth capacity for the

EtherNet/IP-capable devices with refresh cycle of 50 ms.

It is verified that the EtherNet/IP over wireless network
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can be applied to the proposed system to provide the
cooperative control by utilizing four PLCs.

5. CONCLUSION

A technique for designing and implementing the
cooperative control of the conveyors and RGVs used to
transfer work pieces in process or WIP parts in a
corrugated box manufacturer has been presented. The
proposed system not only based on distributed concept
by using four PLCs to operate together to enhance the
system availability and offer the expansion flexibility
but also based on wireless communications for data
exchanges between the PLCs to provide ease of
installation, especially in the RGVs, has been described.
According to the desired workability of the improved
WIP buffer of the manufacturer, the proposed
multi-PLC control system can operate correctly.
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