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Two-level dynamic scheduling for hybrid flow shop in IOT environment

TANG Hong-tao, WANG Da-guo, ZHI Wen-quan
(College of Mechanical Engineering Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Aiming at the perturbation problems of hybrid flow shop when uncertain dynamic events happened, the information dissemination,
the disruption recovery and the multi objects optimization were researched. A two level scheduling system which activated by real time condi-
tion in the IOT environment was established, on that basis, two pre-scheduling models which aiming at keeping the balance of consumption
rate of materials and shortening minimum production cycle were built, and then a sort of mixed cuckoo algorithm was designed to solve them.
According to the features of perturbations, the strategy was designed to be event-driven and period-driven simultaneously. The window rolling
technology and mixed cuckoo algorithm were used to solve the rescheduling problem. Finally, a simulation platform was used to test the mod-
els and algorithm. The results indicate that the structure of I0T environment can meet the needs of dynamic scheduling in the hybrid flow
shop, it can transfer the working condition information duly. The scheduling mechanism can deal with various disruptions in actual works.
The algorithm can find the high-quality solutions quickly.

Key words: internet of things(IOT) ; dynamic scheduling; window rolling; cuckoo algorithm

[ALFEAT JEARE, IR 0 — A e o080 vk 0 SR il

0 51 = HYUN 250 5 h (502 B8 Xt TP RHI e 3
LR A P T SRR ST e A A /M, QBT T LA PS-NC 2 5L
PEEL A LRI T AR IR (24 K N SRR, B BERIABOIE 5503 s MULLEN MC 45 46 4t

PLER e e A B S 03 R, 77 a A N TR 9 75 2 5 3
JERE LA AR B H AR R

YT, TR U A R B R A B T T M R E,
THOMOPOULO" > 3 it f5 /1N 2% i £k A9 26 1 1R 2 it

K B HE2017 - 11 -06

FEL AL K A A S A F AR 2R AT I8 B Bt
TG RRDIR K SEE A T T SR A HHAE D LA TR
R B] 2 A RME B /M D H AR BEAT IR EE AT IT , 2
H T AR SN SRR A kA B A TR A

ESWB . HEHRPAIE S BITH (51605442) 3 #1148 ok il v £ R 5 5 9000 55 T3k 4 e B30 H (2016 KF03 )
TEERN I (1976 - ) 55 b HHE A BI2U% , RENFA =B AR T AHFSE . E-mail ; tanght@ zjut. edu. en



11 4]

ViV S5 VR PRI R AR 5 4 8] 1 4 gl 25 B 5

- 1167 -

RSCHR 3BT AT LA Y« AT 22 8O 5 1) o 32
SRR A R B R REAR R BR G NE H
JEAESRATAE T IR 5 55 b, AR R A D5 1o AT AR 5
BN R R A A

FETR A 7 VR HE B TR R L A SO S 57— Fh Bk T
SRR B (RFID ) B4k 0 i 38 BR 458, 2 1 P B9
JERGE, P THR AR 7= R AR EIE

1 BT RFID 1905 ) St i B2 &
Fy gt

TR 7= 1 o 25 8 B 5 B A 37 M A R R A
B, RIAR SO — AN FETR i A 7™ e () S8 B )
Yy SLREZEH SR ] RFID B ED 77 25230 Multi-A-
gent F1HE AHEELT RFID-Bus (9525 BL s T 42
LR A SRS, S PR Bl A B S R R
1.1 Multi-Agent 33 53N

FEIR LA P BRI T, AR TR
RFID [5]352 2i A5 R AR A A T8 B LB e i 32
SIRBEXS G 0 TAF #E# 5 RFID R840, 1 %
BN REXT G | I R G 38 o A A R B ) T
LA 25 21 B Multi-Agent FR 55, M 552 B 52 45 B
Z RS FRE . RFID B4 IR 45 S A i i 4 11
( DSPI) 5 SCT :12%% RFID & IR SRR T, B 45 &
(R TRl A Rl — 3, SEBE RFID 54 10 B R

AR IR BN E 1 B

RFIDa)fF
------
5 i 5
i [Dspr \%
NIEEI N B | B
BbER | IOt RT PR | iR

1 RFID Pl AR

1.2 RFID-Bus SZR R4l

RFID &4 %38 19 5245 B OR FH RFID-Bus HLHY
PEATIR R AL B Z MR BERS XS H & T e H B S
P AT A B O EL AT DLl o RO S AR =0 %
Bz, S B M S b B
1.3 7%} RFID-Bus B M INE & 31

R SN2 G )M 55 5 B2 A 5% AR TR A
Wi B8 #EAT P 9% RFID-Bus RMI 2, K2 — %%

BB I 1 TH R AR, SEH Agent £
SR BB 5 RS 5 bR —ZOl a5 R 2k
DL SOA ZEFESEFH WebService TH ERSS , M7 % b 455K
MG, RREmMPE 2 FiR,

s R 2

|ng’féfiﬂ_| | &ﬁ,ﬁ;&| ......

{3

lgaes | [wgam| |spom| |ionmt]

Plugin-Based RFID-Bus

| RFIDI1 )

Bl 2 Wigk RFID-Bus R & 454

1.4 YEMZREHITE

TESE R Multi-Agent 357258 | B 0w i ML f5 | A<AF
SR B IR EE T B Sl 2 e IR R A P A b b A T
IEWERE . Hord  RFID w2 FE B AR R 4 & B
SRR E BRI A F O BeR L X i g
SR B BB AR T A BRI B 2 A LA
PEATHRN S5, b 55 SE R A SR ZE A bl 55 IR 55 7%
b BURZEH B B M RS T IR RS
ERP % RGEHATEE B, L, HE 7 A9 43K 9 24355 B ]
SR SZE I8 R B R R 5
2 RIS EE SRR

TESE AR A A i 2 I, AN AR 6 42 1a) A ™
REJI UM T AT S5 R R A 7 25 1) A6 7= B SR B2 ZE 43
KA AT AR A B 25 SR A T R s Ak
2.1 [E)FEHIR

FERLLRAFIN T S P HN AT MRy i, S 2t
T NASTAES, K o fH 7, 25 Fh™ 5 R i T
AD, (i =1,2, M), 7= i 7E56 n B TR TR
(B R ¢, WA TR B ¢, WA — A e /N 72 BTG
N, SRR S SE B d, = D/ ST HER  r KT
W JE , B ets S 3R I ny A P R EE
2.2 TUAEERBEN

TR AL AE 7= 42 TR] 0 I8 B2 e — N S 2 DAk ) &, ALk
TRUEA ™ 10 Tl B2 A A8E B2 i L R AR 1 5 1) 4
A S A N 7 A S WU AL AE A

TS/ VA PR ER JE 30 vh | R AR 3R I 1k Y
HArH .



- 1168 - L H

Tr & %35 &

M

2
d L zdL 'Ki}' M
f‘I:ZA R.FIMi_ZXRi.Kij (1)
R=1 j=1 Zdt =1
i=1

o d,—M B BSOS R R i K, — BN i (0 =
1,2, M) TEEEMj(G =1,2,-+-L) BB X, — A
R A=, MORh 7= i 5 1 0
B R AT S AE T AL n B FFERVEL SRR S, , R
AP AL IR T, , W SE B E]) R By, = Sy, + T, o
W/ NMEFIER EW R E,,, W AL /N R PR AR B
JE IR B AR .
f, = min(E,) (2)
AR RUF .
TEBL= P AR A B R BEA — A, X,
FORET R AL E P SRS AR
2; (in _X(R—l)i) =1 (3)
BRI 1 7 SAE R B R 50 B OB B4
T BT R, X, Fom— A/ MG A = R 1
i e RS A R
X, =d. (4)
FEIN Tad #R e, — A~ T 75 [R]— B fa) 6 HL L BE
THE——Ffr= g, Py N0 — 1 28R WRT A o B
SR R AR P, = 1,0, B,

d

0< Y P, <1 (5)

Ja —A7E i RS R IZ AL 58 i, A REAE 1%
T T T B
Ste = Egiye =0 (6)
N TR A —A = i R R Ll TP AR~
SEZJE A REE S NI T m T /.
SRn - ER(n—l) =0 (7)
2.3 FiAEKRMBEXEIT
WA H IR YANG 2570 $2H i, HAE A0
) AR B S A A R R TRk [ A
SRIVASTAVA P R Z&1) 3 €S &b dT 1T, @
W EZ=PEE ) xt €S Sk T T #F5E  (BRLA CS
FLASETE B i SR B AR R SR A, X B O A AR
Z HARRIEUA TG i — D W58 A SOR /DA SR B AR filA
CS Fk KPR o il T3, 22 05 MK I B R B
P s fbe ol 1 B fe AR A AR — RS AR
DLk g 2 Hbri pefeing @t S5k AR Hn T .
(1) WG4k e M e M, 15 EDE0 N, B e
FRIIBER P, e REARRECH K, R EF R ub,

=
A

I b, bW R R % R 2 B (Archive = [[]) /VESE
KR o, R TN ArchiveMax, W1 AR BRI K =
0, IFBENLAE L M+ N (R) 4R 5 AL E AR y0 '

(2) G5 M hs R 2 T-00 8 1Y gl 7 =X, B0E
BA S HELE—A n dEm U TP HES

(3) At > kU RIS, S th Archive, 75 T 4%
(4);

(4) DLEEH AR Levy AT B 5 807
R B S HUE R y1

y1 =0" +a @L(A) (i =1,2,-,N)

(5) 30 BE PO R S R A A S
SLHERE 03 N BE AR, MR RS N B (R T HE R
BN ASXE AR VE BT y2 0

(6) FEMLYGIK 15 REPLERL w, , RAE 1 32 A
P, ORIEIK y2' A, AT LS BT R y3C .

y2{ if w, <p,
b+ (ub - 1b) x rand(m,1), else

(7) EREREEME B (4) MR y2 H5y30 4
TSGR PR P03 17 B2 RO ZE ISR i 3 B a5

(8) FYZE M B BT LA L WAk B, 4 y4' A RS
Archive H1 0] Archive = [ Archive,y4'" ] #% 88 Pareto
HCCFR , IR SO AR | IO B R SO A 5

(9) FIZEaM SIS PRI BT ArchiveMax
S D3 b /A B AR A TR 58 A ek, 4 2 v i 4 S %
WA 2 0 BRI L I DA 38T B AL S8 4 0 [m]
B (2) HARSHE R B R R RS

3 R4 ) HE A EE A 5T

3.1 EPERRE

TR BT AT A PRI TR, PR 2 e
TR 58 B[R] 7 A= S0, 7 A P it v B 3 o R
BT 25501 T 22 et G T 1 s 25 12 o R i e T
BRI Bl AR 3G F A T A5 i 4 7 1 VR s 7
HOR | [FIJET- K 3l 5 JRTR A 1 P 0] 2 SR e 4
BRA G A TENAS TR | e BE o R o0 ik B L 1 7
AVRFEIX 8], SRS A TR X B) R BE DA

TRENE VS 0N 3 fioR .,

y3<t) =

EE LA L
R(s=1) BB TG TTR(s) THER
EWHRANT,,
T k Tk

A BB THFE HR(s+1)

K3 T TR RS E L



11 4]

ViV S5 VR PRI R AR 5 4 8] 1 4 gl 25 B 5

- 1169 -

3.2 EFEXHERE

FEXTHLAS SO | S 2030 50 DL e R A8 3R #1) 3K X 3
2 [m) R [A) 8, AR 5% SR FH 56 B[] 79 22 3 o EAik 48 50
AT PO BE R G A S e B[R] — B R 5
— PRI, B ¢ B2 R AR S FA 2, W TR
Z e TR f, Rk .

fo+ b, UNHLASHRE
f2 = s + Aty U A . (8)
fo + Ay, U HPIRIIER

LB FAE A AN A FEORE I R AT e B2 Ak 2
(195 T[] 45 T30 J3€ 7558 58 T[] 14 i 5 8 0 AR
PG YL S S R R SRR, H TR

RAA
0_—77— (9)

I BT BE — R 2E(E o, 47 0 < p, A
e SEEA TR, LA ORI T4 ] A0 B0 R R A TR BRI
SRR T p n] RIH BRI BN T B 3l 2
7, D RGN T, T PR R AR E TE
3.3 EREHEELT

O BE Sk IR S T A A B 08 0k AT gt R
i, SRR RIEME T R KR 8h
FAFR BN DL BEA T A R S B L B K LR 200 o, U
FOREE N ¢ 20T % T IEAE N T8 TR, R —i8
T A IF AR IR XA TAF AR TR BN 58 s 8]
5 b= TR IE T 8956 T E] Y B R (EL X T
AN T LA A — 8 TF IR RE ¢« i 2] 5

H—A RS — T8 T 0 T A4 5¢ A 18] ) e R fEL
BRI 4 FR ,

PATHIAEE
UES

R ) . 2R
B SFvta Ay (0)

RFID: 4 ERKERT I
PeahIFR 5 BENR KBRS

| sitpemms, 40 |

WERER. 00 | | g |

- ! 5 |}
ushf BB Uy 2 (0P AR si |
Uil T3y, (0 |
[} =tk |
TEv. (1) v (ALY Archive| :
REB R A sy (1) Max |
A
SRR, (R AR
i 2
iz
) : (TEN PN
pante | | s |i FArchiveMax)
T TR | -

: =
—F D[RR s R

IR

R (o)
me ERERRRE T
4 LB

ATV A 7] 5 Bl O H T 2 iy ™
f(AB.C.D.E) NPHEEDFER G W WA AL | H i 19
PRI e S EATHRAIE 5 ™ il B9 T S T 2 ]
1 R,

®1 FRIZERE

= I THEE /s

i LFF A B G D P E
1 T 24 22 26 24 23
2 e JFC 8 26 25 22 25 0
3 LML AR 23 25 26 22 25
4 2 RARL 32 26 24 26 27
5 % AR ML 24 27 23 24 25
6 BB URIR RS 27 29 26 27 29
7 & IR E 25 24 27 25 0
8 HerT 2k 28 27 25 24 27
9 BeIRPE AR 26 24 23 24 23
10 BRI 31 28 27 24 28
11 ] 35 0 0 32 31
12 BRI 33 26 23 26 29
13 Ei e 25 29 28 31 28
14 B3y 31 32 28 32 33
15 BUEEE 21 23 24 22 25
16 BRI 0 0 20 24 23
17 =i 25 24 24 28 25
18 Y447 Rt 20 22 23 24 24
19 EN | 22 28 23 24 24
20 R 25 26 26 29 25




- 1170 - L H

Tr & %35 &

[, L E 5 ™ i A T R, A0k 2 R
F2 BEFERATEE

7 RS s NS
A 5 000 22 5
B 4 000 23 4
C 4 000 22 4
D 3 000 23 3
E 2 000 22 2

4.1 FAEHE

AWFFBE Matlab 1ENFEF IRV, RARA
A4S B 45 2R B X Tt A B A Y R A7 SR A, S B fi
AR M = 10, 15 EECN = 30, 1 3k MR
P, =0.25 KK Fa =0.5, KK = 100, /M
Bikte b o, = 0.05, | K& &N ArchiveMax = 100,
[ T g3 B AR SO ik HAs RAP i 28 sk
PERE , EHGRE R | WA A AR R T R i
17 R TR RIS P = 100, XHER P, =
0.8, AR MR P, = 0.1, & 1-CHCH 200 ; WURFF L,
JAERF a =2, B/ EAH T B = 2 [FERHELH
Tp = 0.15, MWK m = 100, {5 H 85 0 = 20,8
UHELNC = 2003 FPE7ERAT Y Pareto fEEE WAL S BT

1000 -

. + BAEER
o e o WUEEEL
+ N . N
950 |- "o, e, o RATABHEL
ﬂu + 4 .
— nu *o +
Z 900 fag T
S~ %a
o
Oooo
- 0,
850 oo°°Ooooooooo
0000
800 1 1 1 1 )
20 40 60 80 100 120

fi(x)
5 3 FEEVER Pareto BTHTSK R4S

Phb 3 AN IR A AT A 5 51k 58 UK i i s
B4 6.49 s WUREEE N 9.23 s, BEHEE N 10. 14 s,
[ EH 1] 5 AT LA TR A A A S B30k 7 A 1 Ml A o
e RS R | ,#Hﬁgﬁﬁ%ﬂﬁﬁﬁ Pareto R o

HIREMA SR EBRASE R TRZE RSNkl
Pareto LMt M of, = 51.8.f, = 873 Filikl B il H 4% 1K
e 6 fis .,

1000 [A[C[B[BJE[D]C[]A[A[D]IEJA[B]C]A[D[C[B] 468 405 s

IS

A[C[B[B[E[D]C]A[A[D[E]A[B]C]A[D[C[B]

w

Alc[B[B[E[D[C[A[A[D[E]A[B]C[A[D[C[B]

[S]

Alc[B[B[E[D]C[A[A[D[E[A[B]C[A[D[C[B]

—

A|C|B[B|E[D]|C]A[A[D[EJAIB]|C]A[D[C[B] 873 s

t/s

Ko TR HRr A

YA B 2R — NG IR R R BB (] R 873 s, L[]
k468 405 s, 1 2 Ta] [ 3 I8 B 45 P 8 — AN 2R A
BEMCHTE] R 1 021 s, BB R 504 517 s, AT DAUESE i
PA RS AR A OTATHY
4.2 EHREMHRE

AHIGE S35 47 B ek AE AR B A | ML X 3
S B It T B B E R SR S B R p, = 1,
1-a=0.058=01,p =0.001,

(1) HHITE ¢ = 11 752 s I %) 425 B 29T F,
HATHE R 1000, 58520150 5 d, 7 S TEA A TP 1)
hn T (24,27,25,31,22,28,26,25,29,32 34,31 ,26,
30,19,0,24,21,23,27) , #— A 7= 406 2R R 3 A 7= N
A:B:C:D:E:F =5:4:4:3:2:5 EHREHE
200,60 = 0.06, K FH 5 & 8 B wE, A5 25 A6
WG R FTR A A 4% S48 R B L T Ry 5 1A
B BRI B SN ] A 495 405 s

(2) HLESHERE 76 = 8 750 s % AR P 4 Hh B
B, SEA A5 A B R mE] R 1 500 s, 0] 6 =
0. 003 , #i >R A A% J 8 B2, S0 91 B2 s A 5 T B 1) oA
468 312 s;

(3) WRHER 18 = 214 760 s, 770 B B9IR &
AR SESRISE] R ¢ = 61 000 s, 6 = 0. 13, RS2
ST PH R 75 442 MEIA RN RN A A
B A i AT O B, FE O R BN T R Sy

478 612 s,
B 25 Bl = 0 A R 2 IR T B T R T
B E5 RN 3 s,
x3 ERABLERSTAEAR#ITIEE
s AR bR el
A R B s TR
TR B 6 468 405 0
fhip 495 405 65 312
Pl 468 312 2164
YrRHER 478 612 132 050

13 3 AT BR 1 ) SE 35 X UM B 7 58 7 R B

MG ARl i T8 B2 D7 SR 45 R 15 T B2 22 531

AR ELARCE R4, UE B B 3 R B0 S0 5 i e T
LSRR A = AR

5 ZhiE

ARSCUIR It 2B 7 45 8] S B 98 % 4, M T LA
Multi-Agent R4t RFID-Bus HL i A 3 fith 14 H 156 o il
PREE BT T AMPRHE AR A AL /N R
WA A B bR R B0 BEA Y, O B TIRG



11 4]

ViV S5 VR PRI R AR 5 4 8] 1 4 gl 25 B 5

- 1171 -

A SRR R R ARSI 00, BT TR A

D7 HALBBAIE 1 I8 EERE Y SR LA KR & A 4

WRBLRARE,

S % 3k ( References) :

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

B ST, Bk A HER AR T U IR T O Y
TR T R4 ,2000,3 (4) :23-28.
THOMOPOULOS N T. Line balancing-sequencing for mixed-
model assembly [ J]. Management Science, 1967,14(9) .
59-75.

HYUN J C, KIM Y, KEUN K Y. A genetic algorithm for
multiple objective sequencing problems in mixed model as-
sembly lines [J].
1998,25(7-8) :675-690.

MCMULLEN P R, FRAZIER G V. A simulated annealing

Computers & Operations Research,

approach to mixed-model sequencing with multiple objectives
on a JIT line [ J]. TIE Transactions, 2000,32(8) :679-
686.

K BRI B e SR T R S A A O TR TR
LR [T]. h EAL T/ ,2010(19) :2322-2328.

PG L T, T REM I B L AR B R TS
[J]. AL RS 2 48,2007 ,13 (1) :49-56.

YANG X S, DEB S. Cuckoo search via lévy flights[ C].
World Congress on Nature & Biologically Inspired Compu-
ting, NaBic: IEEE, 2009.

FISTER 1, YANG X S, FISTER D, et al. Cuckoo search; a
brief literature review [ M ].

Publishing, 2014.

London: Springer International

A5 AR
Vil , B, 30304, Yk EREE T IR A 42 R PR 3 28 PR BEDT5E[ ). HLAi TR ,2018,35(11) 1166 - 1171.

TANG Hong-tao, WANG Da-guo, ZHI Wen-quan. Two-level dynamic scheduling for hybrid flow shop in IOT environment[ J]. Journal of Mechanical & Electri-
cal Engineering, 2018,35(11) :1166 - 1171.

(9]

[10]

applications [ J].
2014 ,24(1) :169-174.

YANG X S, DEB S. Cuckoo search: recent advances and

Neural Computing & Applications,

GHERBOUDJ A, LAYEB A, CHIKHI S. Solving 0-1
knapsack problems by a discrete binary version of cuckoo
search algorithm [ J ]. International Journal of Bio-In-
spired Computation, 2012 ,4(4) :229-236

OUAARAB A, AHIOD B, YANG X S. Discrete cuckoo
search algorithm for the travelling salesman problem [ J].
Neural Computing & Applications, 2014, 24 (7-8):
1659-1669.

SRIVASTAVA P R, KHANDELWAL R, KHANDELWAL
S,et al. Automated test data generation using cuckoo search
and tabu search (CSTS) algorithm[J]. Journal of Intelli-
gent Systems,2012,21(2) :195-224.

LAYEB A, LAHOUESNA N, KIRECHE B. A multi-objec-
tive binary cuckoo search for bicriteria knapsack problem
[J]. International Journal of Information Engineering
& Electronic Business, 2013,5(4) :8-15.

YANG X S, DEB S. Multi-objective cuckoo search for de-
sign optimization [ J]. Computers & Operations Re-
search, 2013,40(6) :1616-1624.
TZESE, e, Bh— 0. 2 4 ek (0 A 4y S 4 Rk
[J]. 24,2013 ,24(11) :2687-2698.
B, I SO S figk e SO0 TRt B 1 P[] o A A
BEE R )] A5 A T8 6, 2013, 26
(11) :1041-1049.

SRKEE R AR, SRR, ShASENAT A S RAE].
P 5 e ,2014,29(4) :617-622.

[#mEE: JH SR

<1‘R%I$§>%$;http;//www. meem. com. cn





