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7. Job Typed} 7| A|HA

1. Shuffling

Get — Move — Put, 37 Move THAI7} O3] 7§ £ US

3. GateOut

Yard Get — Truck/RFID &3 — ET Container Put — TOS &t
= HEH

5. LoadOut

Yard Get — Truck/RFID 43 — YT Container Put — TOS 2t
= HEH

7. Park
A2l = YHE X /IXZ o|5/TH7|

2. Gateln

Truck/RFID S — ET Container Get — Yard Put — TOS &t
EHI

4. Dischargeln

Truck/RFID AZ — YT Container Get — Yard Put — TOS &
EHI

6. Move

=2 OFE Move

8. InternalMove
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8. Xt JEH el
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12. Job Sequence

Crane Service PLC

[ Event / Log ]

on_* callbacks

TOS Adapter

[T§S Job Assignment Flow]

par
assign_job(job payload)
1]
job_type: 1 Shuffling, 2 GatelIn, 3 GateOut, 4 Dischargeln, 5 LoadOut, 6 Move, 7 Park, 8 InternalMove
publish("job_received")
rite_job_to_plc(job)
c write job data by job_type
write ack a
publish("job_assigned")
on_job_assigned(plc_id, job_id, job_type)
“ report_job_assigned(plc_id, job_id, job_type)
[PLC Polling Flow]
start polling loop
op [POLLING_INTERVAL_SEC OfC} #h=]
@ read_values()
PLC data o
_check_statug_change(data)
[l #13 2x1]
publish("status_charfged")
on_status, _id, js, sjs, djs|...)
@ report_crane_status(plc_id, js, sjs, djs ...)
_check_rfid_vefification(data)
" [PLC RFID 2t ZXI]
publish("rfid_detecfed")
on_rfid_dptected(plc_id, job_id, rfid)
verify_rfid(plc_id, job_id, rfid)
®
verification response 9
it [RFID A3 43] i
approfe_job_execution(job_id)
D
write execution/confirm signal
write ack $
publish("rfid_matched")
on_rfid_matched(plc_id, job_id)
@ report_rfid_matched(plc_id, job_id)
_check_work_ste_completion(data)
[Move/Get/Put X¢] 2t2 Ztx|]
publish("work_step_conjpleted")
on_work_step_cpmplete(plc_id, job_id, step_type)
report_work_step_complete(plc_id, job_id, step_type)
_check_job_conpletion(data)
[Job &8 X7 £%]
publish("job_complefed")
on_jobJcomplete(plc_id, job_id)
report_job_complete(plc_id, job_id)

?

Crane Service

[ PLC ] [ Event / Log }

[ on_* callbacks ]
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12. Job Sequence - Error Handling

[ Crane Service ]

= Tl E

libacks ]

T0S Adapter J

70 Job Assignment Error Flow]

assign_job(job payload)

job_type: 1 Shuffling, 2 GateIn, 3 GateOut, 4 DischargeIn, 5 LoadOut, 6 Move, 7 Park, 8 InternalMove

publish("job_received")

rite_job_to_plc(job)

write job data by job_type

write error / timeout

% Job @ PLC write Al / tinf

publish("job_write_f:

iled")

on_job_assig

p_failed(plc_id, job_id, reason)

[eout]

report_job_assign_failed(plc._id, job._id, reason)

write ack

(5% Job e PLC write 4]

publish("job_assigs

led")

on_job_ass}

gEned(plc_id, job_id, job_type)

report_job_assigned(plc_id, job_id, job_type)

[HLC Poiling Error Flow]

read_values()

[PPLLTNTERVAL SEC it} ]

read error / timeout

[PLC read 4 / timeout]

publish("plc_read_fa}

led")

on_ple_

lead_failed(plc_id, reasor}

report_plc_connection_error(plc_id, reason)

PLC data

(PLC read 53]

~heck_statugchangetdata

alt

on_status,

[CEEEER RG]

hange(plc_id, js, sjs, di

report_crane_status(plc_id, js, sis, dis

error / timeout

report failed

publish("status_report|

failed")

on_rfid_of

RFID 28 H S8

ptected(plc_id, job_id, rf)

rej

verify_rfid(plc_id, job_id, rfid)

verification failed

ct_or_hold_job(job_id)

publish("rfid_reject

fed™)

on_rfid_re]

lected(plc_id, job_id, reagon)

report_rfid_rejected(plc_id, job_id, reason)

appro}

/e_job_execution(job_id)|

att TRFiD HE B4 7 timeouf]
L on_rfid_dptected(ple_id, job_id, rff)
verify_rfid(plc_id, job_id, rfid)
error / timeout
verification unavailable
N publish("rfid_verificatiop_failed")
g
on_rfid_verificakion_failed(plc_id, job_id] reason)
(RFID £81  PLC 4 415 write [

write execution confirm signal

write error / timeout

publish("execution_confi

im_failed")

on_execution_cof

firm_failed(ple_id, job_id, reason)

report_execution_confirm_failed(plc_id, job_id, reason)

on_work_step_|

Tiove/et/put €5 8 &1 4]

bmplete(plc_id, job_id, step_type)

]

report_work_step_complete(plc_id, job_id, step_type)

error / timeout

report failed

publish("

jork_step_repol

t_failed")

on_job

Db &2 &5 i

complete(plc_id, job_id)

report_job_complete(ple_id, job_id)

error / timeout

report failed

publish("job_completion_rel

ort_failed")

2
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14. Data Base Architecture

Client / Application
MH| 2 27

HAProxy

write | :5433 read

Node 1 — Primary Node 2 — Replica Node 3 — Replica

‘ Patroni ‘ Patroni
Leader Lock =& - REST :8008 Lock Z7 CH7| - REST :8008

‘ Patroni
Lock Z% CH7| - REST :8008

‘ PostgreSQL :5432 PostgreSQL :5432 i PostgreSQL :5432

Read / Write Read Only (Streaming Replicatio| Read Only (Streaming Replication)

etcd 1 etcd 2 etcd 3

Leader Follower

Follower
/cluster/leader = node1 o & =X

CNEEY

@ Zok (SIE= 54

Nodel Cf2 etcd Lock LSN Z+& LI X| Replica

heartbeat | UM - E — M Primary2
S Replica=0| Lock &5
TTL B2 Lock 2% — Primary
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15. £ M 7| 4% d1t

1. OPC UA 2}0|EH2{2| A5 HAE 9 71 o] MA - etz
PLCO} EAISH= Of=2|AHO|M THE Q0|2 C#S MESHYLCE C#2 Windows S Tto| B3t
A 2tojEe2|E P o2 X (et o WinForms 3t WPF 7| EH2] Ul 7§ 0| 7H535H0
ol 758 ne8Hoz FuE £ QUrt

40| 24310, OPC UASt Z2 Mg E%f—%
M| 4 EERE

B ZLET, HOIE &EA|

1

PLC S 4B 210182 B7IZH YO 2 SHBH0F 50, B3 Hu| Lt HOEHOA UE S BN JH5HE TB0F BTk
AHRY TES 7HOR BN BE, 80 25, GO/ X2l BES Lasto] A 4 OIODE% 2440] T} 3 NET 20|
AN HBoHs BIS7| K2, o9l 12, HlolEHolA U J5e 28 2ol zrofct

0
(t2kA Siemens PLCRIS| EE &4, 2 otH 7HE, HojH =& % Q|
Ct.

2. SNMP(Simple Network Management Protocol) - &=

SNMP(Simple Network Management Protocol)= HIEQ|3 ZH| X Au{o| HEHE JAOAM X3[t7| I3t E-’.f— ZE2EEE, 294 2R
B, &=t Z2IE, UPS, NAS, Windows/Linux A{H & CtYoh ZH|Q| AEf HEE &g =+ QC [
£ SOl &= A2 pCo| HIESRIA HE, A|L- Xt AR ZHCPU, Memory), ZH| 0|4

= 3% 7tsde gl

3. Data Base 0|33} - &=

Patroni 7|8 PostgreSQL 17H2 A (HA) 2 AEE Docker Compose Z A =38l S2 HAES TRUC
PostgreSQL 3CH, etcd 3CH, HAProxy 1THE #4450 CIO|E{H|O| A Fof O ME MH[ATF X|&HE = JA=E FERUCH

Primary DB &OiE ZH 2 UM A|H Replica MH{7} AFS 22 MZ2 Primary2 H&tE|= H Y 2H (Failover) 7|51, HAProxyZt 22+0| ¢
E Q¥ 2 ME PrimaryZ Ats H&3s= 2t et 7|58 EEUCL

—

LS AS HE A3 EES B HAES Soff HO|H R4 O, LH2EHY, ol 57 £ 7|E Mol MeF 8| 8o S5gs &
oIt

| 2 K (Failover)

S AH[A F QI Primary(DB 2|C)7F 202 ZR/AS W, CH7| SO|H Replica T SILIE AIS2E M2 Primary2 S Z(promote)A| 7| &
pgolct.

= =
=, Ta

rlo

B CHA CHE ME{7} O[Of M AfH|A8HE Z70|Ct

2t e J"'%J(Routing Switch)
OfE2|7| 0| M0| H£35= CH&H(DB MH)2 XAt&2 2 M Primary2 HHYF= 10|t

HAProxyZt 1 9gtg ottt
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