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Transfer Control of Conveyers in Ore Yard by Autonomous Decentralized Agents

Junji KIKUCHI, Masami KONIsHI and Jun IMAT

Synopsis

: In steel works, iron ores are stored in ore yard and sent to various plants in down stream according to transfer requests. To attain stable opera-

tions of steel works, it is necessary to keep a certain safety stock level in ore tanks of all plants. To attain this purpose, a novel ore transfer

routing method has been developed based on a decentralized agent method. In case of disaster such as a big earthquake or a big fire, damages

in the facilities of industrial complex may be unavoidable. In this paper, a decentralized optimization method is tested if it is able to cope

with such emergencies. A decentralized agent corresponding to the kind of ore makes its own transfer route plan exchanging information

with others. As the application of the proposed method, transfer scheduling in ore yard in steel works are made in case of destruction of the

transfer facilities. Further, application of the proposed route planning method to the analysis of distribution of transfer loads for conveyers is

described.

Key words : decentralized agent; route planning; ore yard; pheromone information; transfer control; ore transportation.
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Fig. 1. Production facilities in steel work.
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Fig. 2. Ore stocking tank level in blast furnace.
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Table 1. Parameters in the algorithm.

W Wi p T, To, o AF v 15

03 20 18 02 03 085 10

6 1

Bia(r +1)= By (r) + Aﬂz C/E’,Zl)

1£k
2L, ABRERTHS, 610, H—RE/ ST 4 —
2 TR & r AER L 72356, B/ ST 4 — 4 % (22)
RIZL =R TEH TS,

727U, yE7 ==Y YT H B,

PLEIZRUET AT Y ZLHDIST A — 4 % Table 112
R, ZREDIST X — 21, ZOMIZXDROKEE, IR
WL ERRESEELZ TS, 22TiE, 2ThETOM
T HRRERMNEY) & F A BN AEIZRE L 72,

5. iAW RE DRHIERER

5.1 WXRBRIRETEIOBIE
5-1-1 RIERELELN-MHEE

FIRFZNC R A L 72 7 D DA TSRISH LT, #l ket
B AT B AR DHRS . 7SO IR ORI (K18

J—F) LRk (BRY/ —F) &, Table2lR$ &1,

HoEPLHELOLNTWAEEDLET S, ZOMBIZHTS
REPERTEIRE R & Fig. 6 128, RSWOHALS THEEL
B &k Pt & Bl £ TOREARIE L 3 B8R0
HESsE N, kk, ZOFETHELN-REKEIZ40
THD, MEARFEIZ45TH > 72, BIRE XD AR
BEVDIZ, THERT2-0@ P TEILAEEN TS
7D THb, £z, BIBOAHAEEER % &9 72 BB EE
13480 Tdh - 7z, Fig. 71, SN H1T 5 KBMOHLA
DRBEERL TS, BEICHBT -V 2V FEMNER X
NflE LT, B8R TIRIC T 5 AR EOW AR
FTHERES S 5, ZORBETIE, #ARAE WA % M
RICBET DI L, KR TIE, ZOKIIKHELH
BERO /- FESHELENSHIRTHRE L T 5,
5:1-2 7 xzua¥vElRE BRBEROHER

Fig. 8(a)id, BFHI3, /7 — F #3028 2 REIREZE DD
BLEBIZNT S 7 2 0t/ EROHER, Fig 8(b)ik, B
G4, 7 — F#1ICEHT 2 REEROBEDE L OB T
57 xuE VIEROHER, Fig. 8(c)id, BFAIS, / — F#37
BT 2RBEHEROBKOR LEIKICH T2 7 = v VIER
DB ERL TS, SADMNEEZTRT 7 x v E /IERIZ
— KRR LD s — FRO—RE OB 7 — Pl
h, 2RO — Riciliphz7 x ue v Z—EDEIA
THEFT S, LIA-T, REFEHTLTY X L0550 K

15

A#AHT—Y x ¥ b & A0 ERY — FNSEROB)IIGA R 3

Table 2. Start and goal node for each ore agent.

Orenumber | 1 2 3 4 5 6 7

Start Node | 16 18 25 23 27 14 20
Goal Node | 7 39 53 52 51 17 30
{r1]
Oretl Ll g
—— o2 | I |
—————— Ore #3 L
Ore #4 | i
—— Ore #5 : _L.A::._.__; .@
———"- Ore #6 Loy | i
.................. Ore #7 L"i :

Fig. 6. Result of transfer route.

11
) ]

(a)t=2

@D

(c)t=4

(@dt=5

Fig. 7. The position of each kind of ore (transfer starting
time: 1=0).

ENBIZONT, — KR EE —XBEROBE ) — Fizo
ATz BEYHEBLTOL, BIIRT LIS, ECoE,
Fl—/ — FiICEEEHEO 70 Vv ENMREI TS
A, TILTY ZLAHPHEDIRENBIZONT, BRI —FE
HOPLND AT 2TV EPEHL TS, HlZ1X, Fig.
8@)Tld, / — FMBOAKK3 THANIZEIDEEENS
ZLETRLTWS, Fig. 9i&, /- F#37i2biy%5 7z
TUEROBMELLERL TS, Kid, BH22 540
BlUdgimae2 2 ) — F#37 58 5B L, K452 5 7D MIEE
ABN /P72 EETEZILERLTWS, AT,
T UNRYICKBEAMEREFRD K-> TWB 7280, Wkl E
OB AZREE L5, Ld->T, AfEHED 7 «
O VERDE—/ — P EIC—EHMEERE L 2IKRBICE -



. 630

$k &8l Tetsu-to-Hagané Vol. 93 (2007) No. 10

Pheromone Information [-]

Pheromone Information [-]

Pheromone Information [-]

Iteration [-]

(a) time:3, node:30

100

[teration [-]

(b) time:4, node:31

200 300 0

100

200

[teration [-]

(c) time:5, node:37

Fig. 8. The transition of pheromone Information with iteration.

Pheromone
Information [-]

Time [-]

[ o-ore2  —=oOret3 |

Fig. 9. The time change of pheromone information (node:

37).

200
180
160
140
120
100
80 fr- oo
L i S
E T
L

Objective Function [-]

0 100 200

Iteration {-]

Fig. 10. Minimization of bjective function.

f’«\éo
Fig. 1012, ST 7L 2 ) X L0 0 & LIz 4
5 HBEBMEOMBE 27§, ZOHA, B0 LEKA

185 TR L TV B,

5.2 BIRVRRERETERIEAOERA

5-2-1 REREER

Fig | LHICHR BOR DR A L REEETHER D 4 4 IV ' %
Y. REREENEND, FHEESS,,, 2min) Z &SR E N,
Sy (EATERER (10sBLT) IS/ L THAREVEE LT
Wd, Lo T, EREOFERY — FOMEREIC 51T
EHA2IEE 2 2 B R TICFI YR L B> T b, Fiz,
TOICRESETEAMER S, BEFOFHIZOVTTE, B
BEHEZITDRNZ LIZT5, 2F0, HILOLERER
X UTC, =Yy ML, BEP O ORIk E
e U247 5 o AR T, AtEEHS,,, OH
IDRA U 7oA BRICK U TR IS i RE A R 0B L
R Zlicky, BINREICH T 2 RKETEMELHS .
5-2-2 FORERROHER

Fig. 1213, $EA{EEEOHERE % 550 (1M % 2 min

16

Request Request
{
Agent #1 . l | —
S ptan Sptir TS _)l time
Request Request :
Agent #2
: Request Request
Agent #k
Route Route Route Route
planning planning planning planning

Fig. 11. The timing of route planning in dynamic trans-

portation.

2500
— 2000 PN
-
53
S 1500
@
2
& 1000 Frotoes Nt e sl K

request level 60%
500 . . \ ! .
0 50 100 150 200 250 300 350 400 450 500 550
Time [-]

[ Tank#1 — Tank#2 — Tank#3 — Tank#4 — Tank#s |

Fig. 12. The transition of stocks in ore tanks.

ETB) IZhloTyIalb—Vva VLR THE, 2
2T, SHEEOSBMOA Y, SEEICHSLET T v
FARGE SN ABEZE D> THT, giaofE 77
VA= —wiBE o TWB, 505K T TV O
ATEEERE, —EOHATHAIL T DLL, mAKE
D60% % TEl 5 &HFODHRERSBBETEEDE LT
W5, F72, RIFEEOHA ZFRY — FOEKETICERE
U, BERIORGRIZE & 5 > THRTTAEL T 5 K 5 ITF]E
LTWw3, RImd &1, SAaDHE LG 50X
h, BRELZBENMTDODh TOE I EDHERTE S,
5.3 EREELEDHER

AHITH, BEFELMERBEEDHBEET). 22 TH
HPERBEIL, SAEE OGRS EETH 5, K
FENSEMOGA OWARR A2 L TR/MET 595
DIZx L, PEREIL, RSO0 DOMRIORIFRE %2 ZE L
TR/MEET S L WS EPRDFETH S, ZOTLTY
2L EDTICRT, ‘



STEP 1 #IHAfE D 1ERL
EEMOFTOWEREIEE T v & LIZER L, Zhi)

Mg §5, 2ok, RISETHEBEIINT 3 R0

(2)~( TR AW 2T &I ICHARE A RET S,

STEP 2 EHED MR

BULOWEEEE 7 v 4 LIETL | EHEREERT

%, 2ZTH, REEEHEFE ST 2H0& L #7227 &
IR AERET S,
STEP 3 ROFEHIE

fROFEE SAEICKDHET 5,
STEP 4 #&T¥|%®

STEP 3B W CHIERE (20000]) MAEH X hxith
i, BoNZBOb» o REFMORNEEFHAL, T
TYXLEHETT S, 29 Thithud, STEP2IZR S,
Table 313, [AlCRIEAIERETHEMERETH AL ED
S AE & G SRR O L 2 R L T B, 22T, $hAD
AR L7, SAD/SS X — 2 DT, FA—IE
ETORTEEE 1000, MIEREZ20, 7=—Y UM
09& U7z, FRIZ, S 2ZE A C10RORITZIT- 2
T TH D, MEFETIE, M3FOME CRFELIZIT
BIREOM»E LNz,
5.4 BEHREESOHYE

ZDY IV —2DOEREMET S0, EoV s
A b LN % RS O R KRBT E D 60% 2 5 50% 12221k
X8, BREEEORRBZEIZ DWW Ty Iarv—va Vi
To7z, BREFigI3IIRT., ZOBEL, FEEERD
KEENTE LIRELDOETREM 23 Z & k72,
5.5 REEEAOMIC

BRI ISR 5 2 v XY ICifbEs 4 C - 5a, ek
FCOHERTIDOMEE Y 27 4 Tld, FERRCR IR EHE % 1T
5 ZLIENEETH 5728, EROMFICKERECTLE
IHEEMEL D B, DK BERIUIBOT, HiRFENE, 3
BMEDOB S b BRSO ME Y 2 7 23 IER AR T

Table 3. Comparison with decentralized agent method

with SA.
Evaluation value [-] CPU time [sec]
Proposed method 55.21 3.87
SA 54.69 10.71
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Fig. 13. The transition of stocks in ore tanks.
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Fig. 14. Example of transfer route in emergency.
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Fig. 15. The transition of stocks in ore tanks for emer-
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Table 4. Maximum, minimum and mean of ore tank stock.

Max [-] min [-] mean []
Before emergency | 2261 1038 1664
After emergency | 2255 761 1577
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Fig. 16. Flow chart of transfer simulation.
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Fig. 17. Distribution of transfer loads.
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Fig. 18. Transfer facility model.
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Table 5. Evaluation value for two models.

TTT [] SDTL[] NC [

model 1 789 72.9 74

model 2 790 68.7 64
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