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An Energy-Efficient Shop Floor Dynamic Scheduling Method
Considering Explicit and Hidden Disturbances
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Abstract: In actual manufacturing, complex workshop environments are often accompanied by explicit and hidden
dynamic disturbances. Explicit disturbances include random job arrivals, machine breakdowns, order cancella-
tions, and other explicit dynamic disturbances, which may directly lead to system shutdowns. Hidden distur-
bances, such as machine idling and production state deviation owing to problems with machine equipment clamping
and transportation, gradually result in considerable energy consumption and system performance decline on the shop
floor. To solve the above problems, this study proposes a low-carbon flexible job shop (FISP)adaptive dynamic
scheduling method. It utilizes the state data of a production plant to establish a multi-objective FJSP dynamic schedul-
ing model for explicit disturbances with minimum energy consumption, maximum completion time, and total
equipment load and stability, workshop production stability is ensured through partial rescheduling. For hidden dis-
turbances, a 14-dimensional decision feature to quantify the dynamic production state is designed. Based on the simu-
lation data, the production state dataset of the workshop under hidden disturbances is established, and an adaptive
dynamic scheduling decision-making model is established based on the back propagation neural network (BPNN) . The
model can adaptively select among three typical scheduling strategies, effectively coping with the impact of implicit
disturbances. The results show that the proposed strategy has good performance in terms of decision accuracy and pro-
duction optimization, and considerably improves the low-carbon production efficiency and system adaptability of the

workshop.

Wi B 2024-11-04; fEEIBEE: 2025-03-17.

EEET: W8 (1977— ), &, W4, BIZER, tanying@tju.edu.cn.
WBEMEE: AU, hybwangyi@163.com.

EEWB: FEAAREEGREIIA (51975407).

Supported by the National Natural Science Foundation of China (No. 51975407).



$742 - RHR 24 (A R 2 5 TR R

LERIE S R

Keywords: explicit disturbance; hidden disturbance; dynamic scheduling; neural network

Bl “Tolk 4.07 F“rh R3S 20257 BUOR AWt
TR, 1] il 3 M 1 1) 5 8 Be Ak DRl 0. 2 () 8
JEA P P EE A, R R BT RS SR B
Ty C IR R R BRI TR, b T A R
JEM A= A shAb Mg ie R G, DR s 3= dh Ak
FERE SIS AN AE PR BE S, i
BER AR T E AR TS Yy SRR 7, Skl

HE K, 2022 AEFRE G AR IR FERCA 30.7 440
FRAERE, 5 T RERE BRI 84.5%), B H Ry
REVES 7, TR , AV R VA T B R i 32 Al ) — > O
HEHPR.

TEfil v AR, MUK RERE R IR TR n 1T
VRPN TR BT RE R AE R (5 A E] 200,
P, eSSBS f ) ANCE S BB TP ke 5%
M), A8 75 L AE T B L R v AHLIRAS Bk, BRI
I TAT S5 I REIE T HE. Wu Z515E%E FISP A5 RE]
R, VERESRAS LA IS | ] AR T TS R R M R A 7 ik
FEHBIRERE. Gong %P1 T 2 V44 b % 18] (flexible
job shop, FISP) $& i —F=5 [ 15 seny#r 8 FISP %2
BEAY | A HLAS 1) T I R A T AL, A R AIR
T 411 S BEFRE. Cheng 2Vl iz BT 14 1 B 1] R
JEFFWFIE, $E T —FR AT REOLIL IR IS | 2R st
FTHLATT O R AR ORIz Ak 3 Fh R, O
B UIE T 9% 07 S M4 S50 5 .

SERR AR AE = 5 Z A A A T ), BT
o FEEFIMY R IR FERCRIRL. B UL, FEIKSh
BTN RGEHIEM, © R A iR 1 D e
B Tian S5EUVE Sl i e st P AN 2 f14 1) AL, 32
—Fh I R LA B 45 1 ) 19 O R i, A S
W IAIE T 12 AIAT 385t 12 AR E T 2l & A 3
o) IiRN Ry Bl [ 8 d 7 et s I 3 e RN 1 e R R
YT, Zhao ZEHE M T —Fh LT oAb > S %
AR, FAUAAR R 43 A =X 24 ) 8 B 2o o v A B e 0
JE ). Luo ZFPHEH T —Fp AR IR Sh 1 95 [ B
B, FLASER ML 35 58 2K e 0l 2 ] 81 38 A 5, (] i
REARAE = RERE, (L) L E R B2 Rl &R T4
S OERE RS, Lo GUHRI T T 2
REAASR b2 > (W B AR BE 7, AT DA R T4 T P
SRR A T2 ) S AR, (RIZ 0 A T I T i AT
S5, BRI U T TSR, FE K. Gao 2
P T —Fh i BCE AR (digital twin, DT) 3R UK S
AT RS, SEIR B F AT T Pl B,

FFaE 1 FEAT R A Y R R 225 E T e ik A k.

g B AR, AR RGN S A TR g
7, PRAE S 8 G ) AR AR T, AR SO T ARk
FE B ASTHEE AR R, DLSEIZE Rl RE LAk, F 20t
FENEANT « OFH BT )R S 31 Al HE
Frigtf£ 5515 (non dominated sorting genetic algorithm
Il , NSGA- 1) (8 I8 B J5 1 5 QX Bk T4t Im) st
A T AR B, T AT R T T R
VAR BB R A, M T R A R L B R
TR W 22 ) 1Y) 52 A ST 56 2R 5 A Sz 1] A 28 1) 2%
(back propagation neural network, BPNN) iJF4 11/ & ph
TR LR, SCBUAE ™ RS0 HIE W E R D RE , R
FERIERGSTT ; @i — A FE A L ] 8 B ] 48
S IE LA B R AT R, 3R ST AL 4 (Rl B
FE, DRFFAE R AR R RE.

XTI 5T, A SCH BT R AET

(1) FEHEXT RS TS RS ST
B, TR EER E 31 —FhE55 NSGA- 1A
BPNN Y F & W Sh S TR BT 45

(2) EEXTERAETHE, DUEREFE | 58 THFA] X4
MM R E NI B AR, M Z BARTR R
AL, SR PS4 BRI B2 S g, it NSGA- T fkiE
PAE BT R A 5 SE B AT S R B AL

(3) TEATRI T AT SEB T Sh A I B2 SR g i
F Y, 5 DA — TR I AR T, G
AT AR TR A B AR TR R .

1 [ REEIA

AT SIS B PSR R, AL BT B i) T4k
AU VEREE bR AN R LSRR A5 ). ILAh , AR
T PRI, S T S b B A i 5 Y )
R, ARSI AR S BB IR 1 B,

FEMEAEY 22 R) 8 B ) AU AT 3348 - W46 B 221 4[]
HA n FEEMT TS ={0,},i=1,2, -, n, Hrp
TR A S, EMLTFO ={0,,},j=1,2,, 5,
XUET PR ETE k GHLER M = {M, },m=1,2,-k
R HEAT T A A ] ) R R DL
i A0 : Of A PLRIR— B2 AT T —E 17,
B 38 T A — i 2T 7E— S HUR BT QR —
T A BRI TR AR TR 295K, R F TR T
J Z (B JC N T 2 55 QA5 To o K S T4, L
TESTEARSE LHIAREH W ; @ T AHEA BRI iz



2026 4E 7 A B 3% —ME BB R r T ae 4 0 shaS R ik - 743 -
AR AT Z AN s} 5] P8 8 395

®1 FSENA
Tab.1 Explanation of symbols

e Tk ) Tk

e TR

;e kRS

m LR N TR

B i AT M, [ m AR

I QEMM%WT&% s, [TH TR
B

0, [THF1 W5 A TF | r
ERLE M, T i

LA AL P 5

B, o E, [EMPURM LI TRE
KM, #sh 00T o
F,, m’f » WS Ey. PERPURKEIFALRERE
%
P, WURM, SR E, |[FEHPURM ST

P, WURM, W#TIDI | E  ZERPURKEFEHLEE

P [ZEMRIRBRINE % E, [FIIBHIMAE

¥ O, FEHLIR M, HUA M, BI5E r 0T FRYTT
ISV ISR R E]

ST, [LJ¥ O, MIFHRISIE] | 7, LA M, TJEAG T E]
WARHVLE M, 7256 HRHLR M, 7E55 r B0 T
N, WM TAESRIRHL, 4, (EFERIT, 4, =1;70,
n, =L&M,n, =0 A, =0

BLK M, (955 r 350 T WARTIY 0, TEHUA M,, I

ct,, : Vow |
0 S T T g, = 1,7, =0
LIE M, 71 R f .
o, PURM, TR e e somont
oy
N, TR ST, |0, JEER HTF K
WRETRNBITR e F R
. FEM, PR O, Vo M, RO,y =1,
Ijl‘lj Yim = 1 ’E\m\u Yim = E\J[‘l[] y. =0
0 .
TR RN PR e T
cr N TWei |
max —I—“ETJ»IEH toal E
COEREEE RG]
Te ort G D Au.\/'.zl
ce b o (FHRRTR R I i B gk
- BLR M, T . HUE M, L LF O, KA
"o, w7 s
‘A\Lﬂn )52 % N ,{__;'\ N N .
O [ e T
B
TWE, FEHRATREEE | T, peRermE

1.1 Zh&FH

A5 3 F X B R R BE ST, AT R AR
77 R G AR BE A TR0 43, o BT P AR
PETHE. BT S S A RGBT 5, 1
BR A A P RN 2, B FEALAR 2 R | 1T
A SITHRROH . BPE T — o RgetEReny By
SN, AE R I ] RS SE i s B TR R, F 3k
REMERE N FEASCH, b TR RO T

1.1.1 & &%E

BRI B 2 R ) A 7 ek B v e o B DL A8
P rE ) WA SRR AN T, B RS
P Ek S, B A B AEAE N TR T i E it
AT
112 #H$%5%%T%

RS B2 T AT TR BT T3
BUHIX 3 Fh2emY. prigfit 5B 20T, B Le It
RN G AR 7 A2 HE, SR RIRR R 2k e, A2
TERE R A8 BRI ) Z AL 58 BUEAS HTT B, Bl
BRI T . XSTT R B, AR S X S ]
B A PR T
1.1.3 Ao T8t iE) ok 3h

o0 T[] 38 Bl S o A TR AR B0l s a] HS
P22 , D5 2 L SR BT AR R S 3252 ) T
P REHE, SEEEA RS M2,

1.2 EBRERE

I BE SR A 0 TH BR 3 2 T BT s A 52 el T
I E BE R . ST B TS X" RGP K
Bz vhly AR SCR BRGHS 43 25 8 B SR W o I X 2
Y. T RRPE TPRX FE Jr ZE RS e ST AN E 1,
W, ASCETE T — i IS 0 R R SR R S e
A P RS PO T Ak S g, AREAR T
£y Kite Ji)A LR

TELR A5 R E M 5 A S 3 - A SCRE
HR BB 0 F IR B LA K 50 4 dE A B L [l ke
AL Y R 25 ).

1.2.1 HHZTAE

R B SR HE IR T A A2 T IR
B TE], [R) B R A TR | DA X6 HE I RAIG
THRE A, i AR U BN ORI R T
TT , RIS g B [ A
122 F45ETRAE

B4 HL R B SOMHE TSR R S B i 52 5
Tr i E B e, Rz m TR R A TR T &
AR AT, B85 FE R AT DL ARG ) A ik
MBS RIME .

123 ZATAE

St P R 25 B A R TR N T T
¥ Rz 5 TP RN A BN SR b, FEE 2
PR 2, FHREIERE TR, BeER
JERIH AR K, By 3 30w b i ) 4, s e il .
1.3 ZFEZBHirAERLE RS

FET AL B A PRt A SCIER 2 Hs



744 - RHR 24 (A R 2 5 TR R

LERIE S R

PRARARY G 2 0T 2R 5%
CT,-PT, =CT,, (1)

STm( +1)
ST

m(r+l)

Z_ Yy =1 3)
FERIEAL H bR A

minC,

~ST, >0

~CT, =0 @

min £ toral

4)

minSI
min WL

A STMRRE MRS WL Wi a8 i 13k
1) K58 TR
C,..=max CT™ (5)
2) A ERE
E,  =E +E +E +E+E

Add =

ZZZZyWPWPT +

m=1 i=1 j=1 r=l

lm
i z nmrERem + i z ﬂ/m PCIthIm +
m=1 r=l1 m=1 r:
ko Ly
> > B, (-n,)[(T, ~CT,,_
m=1 r=1

PrgqCoai] (6)
TEAWIFEH, G A0S REAE Elom EE INTREFEE,

FIRHLRERE E,, , #TIBEFEE, | BFE £, FNF N
REAE £, 5 TR0 2H A, =X (6) FJT/T. HLT” AT
P, SR 7, R0l
P, =Knaf"a"a" +Kt,n"f*a"a®" 7

X:n,  foa, . a AYTHIZEG K, K, Fla, ~ a
B h40& R AL

T ALK B FF/ RALRERE E,. R S PUKRYZERI AN
PEREA G, BRIASOR 3: S MUK — IR OIT/ R BERE Ep,
BN EME. HLRTE ) RS RT A s 45 J) B, 457 6g
FEE, S TIWEE ¢, A TITh R P, A, FEEBRN
TREFESL, 77 A BB ML BN RERE , A 0%
5] B BRI 2R P 58 B

3) RGENE

—BE A SRS AE B S R EE A TR, 253 Al
AR B T 40T, B0 -5 D) B R s A K
FEFE I 22 , X Pl 22 25 P ECR GEREME T 1%, (Rt

P A M 8 B ST I s 2 R X 2R 48 G R T R
i, FaE e s S E U
SI = min(MDI + ODI) (8)

A MDI A% T AL 20 TS i 2 Dt B %
N B ODI S B AT A T I sl vl fi 22
Z G con my L, R

n Si k
MDI:ZZZ|y11m_J_/1/m |/Nresl (9)
i=l j=1 m=1
ODIZXZ|STI.].—S_T”|/C;2X (10)
=l j=1
4) W\ﬁ o J\ﬁ
WL:ZZZ%MPTW (1)

i=l j=1 m=1

2 EMFHRTHHSBETE

SR P o Fh R S SR L ot S Ak T, BhASTE
JEREAR I 1 R,

HCREAG I
T A

PR R
{ !
| |7F]| |j][]THT7' L%
;gr)\ [

iJ‘ﬁlﬁﬁ/\

i ]

B1 BUHEFRTHERERRE

Fig.1 Rescheduling process under dominant interferences

2.1 REESH
AXHZE 3 MR e 1 s Ta

PR, W 2 i, 2 RAS T AR a8 A
DU B 1 28 AT S I 2 AR TP g A B, BB 58 A
IR R AR S 2T R, W TR TP FEHm A
TR TP FN AR B 5 2 FATEss
R TFH0TARZSEHE ATTE, il 3 Fos. 1ZIRES T4
RAAGERS B EGT R, I T TP Jo s il K
A TP TR ARV T B TP LR 9 A B R B P s
Mo 3 AEE VLA AL TN TR, & Ak, aniE 4

B || |

| I —
ceery I

THEF T

B2 =1
Fig.2 Scenario 1



2026 4 7 J] HI 8. —FhB 8 Rk T o1y R 42 18] s B2 U ik - 745 -

| R
oyl ] Fose T
B3 BE=2
Fig.3 Scenario 2

| \ W
cee L ] Faese THf &
(a) IEFEM T TP
s [ EE T &
(b) JETFrHh
E4 E=3

Fig.4 Scenario 3

FR. ZIEOT , #5417 IR bk, SR B
PR T SORZ LY SR 32 50 Ly SRl g A i
FEDLR R, i 4 (2) FroR. A0 TR, 58
2 25, e 4 (b) Frs.
22 ETFNSGA-THEFEHX

NSGA- I 5275 — AR Sl HE P AR 530 1k
Feah bR RIn). — e T AR,
T REGS DR AR B e LA, T4 s DUk rpe 1
JE. AN, 2 E T I R AR R A
RIS 4R R A Pareto T, [BE T RPREZHENE, 42
THT gl
221 bk R

EFXT FISP i igHILas o Be 5 15 HEA ()8, SR
SUZ Gt 7%, ML 5 T nh P B P S 8
A, 5 PR, VIR R4 R AR
SRR, fRa i ad E s iy AR 2T
FEfR, i 6 B,
222 XA

X TR Z ARV RRAT B A, A SO0 T
JF Gt FIRLAS i 23 i 204 T PR RAS [ A 58 SCHRAE , T
JP gt Rl IPOX A8 X, HLasgmts Rl MPX £ 5
L.

L ¥ 4 5 R T
{5 0 I 5 0 A R
AL G %I i T AL

[ [ s [ e]

_____________________________________________________

BS5 WERBEHAR

Fig.5 Two-layer coding scheme

M 0,, 0

juilpd

B M, o

#

=
M, o)
M, 0,,

0 2 4 6 8 10 12 14 16
[} [B]/min

El6 AR
Fig.6 Decoding scheme

223 Tk

A PR 5 A S EAE IR, B A
PREERDEE Z AR, [RGB T 3k 50 383 B A R i i
HE. ASCEFXTHLAR St it 4 T e i ) A8 4R BEAIL
PR R T iy AL R B, B X Pt e Bk
ArHLAR i ) SRR, 2R AL .
224 3k ZEHEA

TE NSGA- 1 3K fif 2 HErUAk @i il # v , AR
P AT 7 B (B F WA BRI S REOC R
XA R TSR AN 53, TR, Pareto RijifY.
225 HxkmA

ASCRETMMZ HiR 228U L2 2R E
LRV A PLALMERT, LT NSGA- T3 k1 73k
fife. SKIGIFR PP B : OIEF K ST R TF
ARG R QTR EL | FRIBUG A =5
B, i) NSGA- A R T2, s 7
FT7R.
23 EXREEEH

FETH 2.1 PR s AT, AT AR S
S B TRIE Sy SR BRI , 40 4 R I () T B BEAR A
B FEILAN S — A Em DL R, RSNk 2 fr
7. TN 8 Fiaw, MILG AR 5 Ze A M, TE 4 I %)
R B S R AT RS, B R T T
O, SIFEETF 015,055,035, 033 ¥ZE|W, 4
OB EE A BAnge 3 FoR. LT 3 4G
ST R R AR BRI 9 FR.



* 746 - KHR 24 (A AR 5 TR

LERIE S R

C orm )
BRI HE

MALSE bR 5

|$imm%ﬁﬁ%gﬁﬁ|

JEAE BB J1 EARAE L]
ST

1 7] R IF R AL

A U AR

Y
M-S

| dembr s |

!

| e 208 0 R LB O RO

Gen=Gen+1

E7 ETNSGA-NIHEREAREMRRE
Fig.7 Flow chart of rescheduling scheme generation on
NSGA-II

R2 EFRGIERER

Tab.2 Basic information of production case

TS | LR PR A ot g 10 T ] /min
O, Mi/My/M; 4/9/8
Ji O12 Mi/My/M; 6/8/7
O3 M>/M; 3/10
] O, M/M, 6/8
2
(%) M,/My/M; 4/5/9
03, M,/M; 4/7
Js O3, M,/M; 5/10
O35 M,/M; 4/9
P 03.1 0
o
g;k‘:: 0,, 0, O,
=
1 0|.| 0].2 011
0 2 4 6 8 10 12 14 16 18 20 22
5 [A]/min

E 8 *ﬂ%ﬁ%lb\ﬂgﬁﬁ

Fig.8 Initial static scheduling scheme

2.4 NSGA-II ¥i#EpRsy
ARCHE NSGA- T Ay EA b, #1XF 22 AR 2 [a]

AL e AU T ik

R3I EHENESRGER

Tab.3 Updated production case information

TS | T AR X I3 90 T ) /miin
Oy
Iy O Mo/M; 8/7
O3 M,/M; 3/10
3 O
) Os M/M; 5/9
03,
I Os, M,/M; 5/10
O M; 9
" 0., 0., 0.,
b 0., O (| )
= 0,
0 2 4 6 8 l() 12 14 16 18 2() 22
[ [8]/min

B9 FERERR
Fig.9 Rescheduling scheme

1) J1THIB AR T 2R b

HUAIN T R ALK SR A i s, 1)

55 1.3 RS MUK BRI Zh T EAUR M, B
P HEAT T8 Ty M BB DR P DL K T FLES 5 A B
w, ., BIEF DR P AR —2 TAL S i TR,
MHURM,, JJHEBFRERT 1 B (w, > 1), WHEHL
PRF —i8 TN T2 AT i AUAR ] 2o e, HLAk
BUAR T AR ARHLE A& 10 iR,

AR AL 55

BIR LT LB SRR, = 0|

|u%m wimiu&WI%ﬁ|

ﬁsﬁﬂﬂﬁ*b LW, <—

Qﬁf FCT 5 T %

WAETHEZ TP 145 .15 1)
ijﬁﬁ?HfiJ*W

[ HspLk WIWiu&MI B |

E 10 HKTIERLHLE
Fig.10 Machine tool degradation mechanism
2) IS TF AL
AT AUARI TR F AL A At 7 AT s T/



2026 4 7 J] HI 8. —FhB 8 Rk T o1y R 42 18] s B2 U ik - 747 -

KA BILAS LA K ArT i B 44 )

TR 1 PATT AR SR AR 55 30E 1 i
U6 e 26 LI I], THEE s PRI B, IR 0 5 s 2P g
) AT XS FE. iy 25 PR B R T 28 F- e 1], Wi
HA ARSIV TE SR, IR ) 2008 25 ez,
A 4% PRI B AR o 2 0P A I ), e k.

BB 2 TS R A R S ] S L s R T
WL E] PR 2208, AT 25 (B 2 A ) [ B L, 2 PRI IR it
BRI BHCHIHL A , 5 2008 45 B0, 52 22008 3.

B 3 WAL Y IFHLI TR, 1, JE 2L TP
TEALETE Ry e, . 3 = 4+ H, . Wkt -4, > T,
TE 1, I SR PAIHLAS , e AP UR 4; THISS

PB4 FIWrEE B e 75 W I e T BRI
JESEHURAE , A7 E7E, T IR 55 R4S

HB 5 FIBTTEI )R AR R S HLAL 4 7]
BRI W, KT IR AR IR #
2, W0 T84 5 5 A AR A Rl 2 IS i 4
J1, SRR B FRE ; 045

3) SIABIEN A AT

NSGA- Il 53k PEREAR AR JE b 32728 S #ff
R NN AN SUDNG E2 RS LIS &S
R, Bk 2R e S BEAIG ; A2 S ad /Ny S B0Rh
HEZFEPERRR, PR A S, A& 2= i
AR, I BE AR T, B

G,

P (12)

F=2"F, (13)
Krr: FRARVIGZTEF; G, Ranm KA
B G SR bR ERIEIR I B A E
Fh2F, , B HKAE, v AMRIEF R, BEE A
DR, AR ST A AL, PR B,
e DL A B R

3 BT THHSEAERZE

WA 1 AT FNR, ASCHE BRI TR A E R ok
(AR SN — A2 2R . AR s T — 4 A&
14 AYERE PR SREFAE , LA S BN A P R3S A A T
Ak, [FBRMEFCIET BPNN 9432505 Bkl e o
Y,

3.1 RFEFEET

TE T R EE AR R RE v, PSR R A T o
XY P RE SR . A T 22 28 SRR
TR, DAL T E R B AR, A SO
FIREE R SABERE TR, WET 14 4Lk

AR, T EALSh SRS, NG sk R 25 Sk
fith, PLSRAERIE B g LN 4 iR,
R4 RFEE

Tab.4 Decision characteristics

HHIESFR FHAEE X
SE TR | AC,, =Cro —Coa
SETIAAX R | 9, =ACL /G
AEREARN 5 (i AE, = Egy~Eg,
BEREARR A (L% 0, =AE,/Ey,
REREMDU Rkt | AE =AE /N
TIRESRR SR | ATW =TW, —TW,
TIRBEHRIN R R | Oy =ATW/TW,
S T A PAP=N_/N,,
TR+ OPF=N_, /N
AT LPT = 2 PT,, /L™
REREI T BPT= Y e e
O Orest total
P, /TL.
TTEBE A T =2 e
PST = iipm ’ Z Cijm
REER R T Ao e
€, = E/,MPTijm /(rgg}( Pl.ijTW)
BEET SI = min(MDI + ODI)

SO BASHE PR R 14 4EDCSRRHIE AR
Ja SRR AR R B PR A .
3.2 ET BPNNWFNZEE %

AT —F T BPNN (B [ £ 3% #2851
2%) B E I BE SRS Ay S TN 1. 2 I Re RS A 3.1
T TR DR RHE , A T R R B SR 2
TN, R O EE R B SR . A5 BPNN SEAC
HEZRANE 11 PR,

T RLIE 0] 4

11 BPNNHEARIESR
Fig.11 Basic framework of BPNN

BP it 25 [0 £ K 2 1 AR R T R A AR R, A
MR R R AZ BT JR AR HR X 3 ok
B , W A GO R R A L s
55 3.0 W RS 14 QEEEERODRSRARE, B A



- 748 - RHR 24 (A R 2 5 TR R

LERIE S R

JZR BRI E R 14 A HIHFER, AR
1.2 WHE IR 3 FREE IR EE NS, Fa 2 e P A ST
3 AN, DAILsR O 5 B A S R RS X R A
X Rt B 2R AU BCR A RN BPNN FE
JERIUACHE R, B 5 FLA R 8 SRR oK LA S
VN T ST S B B S N R SR
AR SCHETF F g vk S5O i E R 2 w,m ’5&7?
T (A5, A SEAR 800 20 (14) T RS )27 45
AL
s=n+l+a (14)
K n+l =17; a WUEHIEF A 1~ 10, ASCH
=4 BRE A R 8.

4 ZHWESH

AR T BAETPET A3 08 B ) S50 5 iE
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MATLAB R2018b #AFAEAN NITRHLIAGE kAT, 1
BHLAL BRES 4 AMD Ryze5 5600H with Radeon
Graphics@3.30 GHz, 474 16.0 GB.
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ML ERIA 6 GHUR, BEPURMEY

S DPRAG R  AS EHOT AR ] | A BER R LR S,
EIETJ SFPEEIN T AR TR E R T2 T A T
J¥ BRI BEALR DT 25003k 6.

x5 HKER

Tab.5 Machine information

Beas | WRSTDA | WO ThER | BT E] |28 T | 22 4]
W5 | P IW P /W t./s ] T, /s | BUE H /s
M, 500 200 50 50 120
M, 515 180 50 45 120
M; 450 300 75 47 100
M, 430 295 70 50 100
M; 350 160 35 35 75
M 330 160 45 30 75

412 HELHEEZEE

Ml E RS AT RN SRR, A
NSGA- I IS EEE J  FIRFEGE R 200, Kk
RIECH 30, 8 XHEZN 0.8, VIS S 4 0.2.
413 LRy

L NSGA- I 53345 I bh iAo B 22 n &
12 IR, % RRERRSE TRE C, A 22.9 min, fE

FEE,, N 256.95kW - min ., &% B WL R
80.9 min. KH: O F/RMLRM T.T.J¥; on/off F/ntl

IRALF KPR ; RCT FRHURMFRARE, HAE
BT BN A ) H CT R ) 17 ; CM KRk
x6 R

Tab.6 Production information

T | T | ATEE | XN R OTHI 2K
S | Ty | && B ) /min n,, f.,a,,a;
M, 16.0 1000,0.15,2.5,2.0
o, | M 16.0 1000,0.15,2.5,2.0
: M; 8.0 850,0.17,3.0,4.0
Ms 8.0 850,0.17,3.0,4.0
M, 27 750,0.15,2.0,1.5
I (%
M; 27 750,0.15,2.0,1.5
M, 3.0 750,0.15,2.0,2.0
M; 3.0 750,0.15,2.0,2.0
Ors M, 4.0 850,0.14,2.0,2.0
Ms 4.0 850,0.14,2.0,2.0
M, 15.0 850,0.17,2.0,2.5
o0, | M 15.0 850,0.17,2.0,2.5
: M; 8.0 750,0.17,2.0,5.0
Ms 8.0 750,0.17,2.0,5.0
B M, 12,5 850,0.15,2.5,2.0
0. | M 12.5 850,0.15,2.5,2.0
> Ms 15.0 1100,0.14,2.0,2.0
Ms 15.0 1100,0.14,2.0,2.0
o | M 2.0 850,0.14,1.5,2.5
M 2.0 850,0.14,1.5,2.5
M, 16.5 850,0.17,3.0,1.5
0. | M 16.5 850,0.17,3.0,1.5
: M; 8.0 750,0.17,2.0,3.0
Ms 8.0 750,0.17,2.0,3.0
M; 4.0 850,0.14,2.0,1.5
. Os2 Ms 4.0 850,0.14,2.0,1.5
: M, 15 750,0.15,2.0,3.0
M, 1.5 750,0.15,2.0,3.0
Os3 M; 2.0 850,0.14,2.0,3.0
M, 2.0 850,0.14,2.0,3.0
M, 24 850,0.14,1.0,1.0
Oss M 2.6 850,0.14,1.0,1.0
M, 16.4 850,0.17,3.0,2.0
M, 16.4 850,0.17,3.0,2.0
Ou |y, 8.2 750,0.17,3.0,3.5
M; 8.2 750,0.17,3.0,3.5
M, 1.5 650,0.17,2.0,1.5
Iy Os
M, 1.5 650,0.17,2.0,1.5
M, 1.5 750,0.15,2.0,1.5
Ous M; 1.5 750,0.15,2.0,1.5
M, 14 850,0.14,1.0,1.5
Os4
Ms 14 850,0.14,1.0,1.5
M, 16.0 850,0.17,3.0,3.0
o | M 16.0 850,0.17,3.0,3.0
’ M; 8.1 750,0.17,3.0,3.5
. M, 8.1 750,0.17,3.0,3.5
M, 7.6 750,0.15,2.0,2.0
Osz M; 7.6 750,0.15,2.0,2.0
Ms 0.9 850,0.14,2.0,1.0
Os3 Ms 0.9 850,0.14,2.0,1.0
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Fig.12 Initial static schedule Gantt chart
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Tab.7 New order information

64.3 min Fl 0.86, HIHEFTEA " RGEfatn b an &l
15 fli.

B 14 RELEAGRISWERE L, ZTEN
K58 THEE C,, BEFEE,, A MHE WL &R
Gifa P S12r 9 25.7min | 278.45kW + min .
93.6 min Fl 0.82, HIHEFI G4 R fatn 2k an &l
16 fIR.

£

2 g

z =z

=

0 2 4 6 8 1012 14 16 18 20 22 24
[} 8] /min

E14 iTERANENEREHESE

Fig.14 Rescheduling Gantt chart after order insertion
H1 LA b SEBAE R T, A7 R GeRe e MY PR A

1 VA, U257 T AR R E MR AR I IR 200
R GLiaA T L ANFISE R | JE I AL S R 22 A A

T | T | Al X AN T X Y 25
5 | Ty | ®& Fsf 18] /min n,, f,a,,a,
M, 16.0 850,0.17,2.0,2.5
Ocs M, 16.0 850,0.17,2.0,2.5
" M; 8.0 750,0.17,2.0,4.0
Mg 8.0 750,0.17,2.0,4.0
M, 2.7 750,0.15,1.0,2.0
Js Os
M; 2.7 750,0.15,1.0,2.0
M, 3.0 750,0.15,2.0,2.0
Ous M, 3.0 750,0.15,2.0,2.0
i M; 4.0 850,0.14,2.0,2.0
Mg 4.0 850,0.14,2.0,2.0

F 13 ARSI S E R R, %
BWECKRSE LR C  REREE,, AR WL
DI K B G ka e ST 439129 25.6 min . 282.40 kW + min .

WA
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I [8]/min
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Fig.13 Rescheduling Gantt chart under equipment failure
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Fig.15 Changes in scheduling indicators under equipment
failure
27 100 4 300
o7 257 los {200
=
5L 95.6 E
= 27845 Jog £7280 -
E ot £ z
= <
&) Zz4270 =
23 ¢ {385 E
260
2t ]
80.99256.95 130
21 1250

J i HEE

B 16 ITHEBANGEHEREREN
Fig.16 Changes in scheduling indicators after order
sertion
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Fig.17 Comparison of fitness curves
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Fig.18 Technical route of rescheduling decision based on BPNN
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Tab.8 Label distribution of rescheduling decision datasets
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Fig.19 Neural network training results
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Fig.20 Adaptive rescheduling Gantt chart
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Fig.21 Comparison of scheduling strategy indicators
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