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Dynamic Scheduling Problem of Aircraft
Assembly Based on Quality Prediction

LU Zhiqiang',ZHU Hongwei, LIAO Yina
(School of Mechanical and Energy Engineering, Tongji University, Shanghai 201804, China )

Abstract: To improve the ability of aircraft assembly schedule to deal with unqualified assembly quality, the
mapping between assembly quality and quality—related factors and the expression of uncertainty in different decision—
making cycles are studied,and the integer programming model is established with the objective function of the sce—
nario—based project expected value. Moreover, based on the trained prediction model of aircraft assembly quality,a
multi-layer cyclic iterative search algorithm is designed. The first layer optimizes the execution order of activity based
on the activity list coding; The second layer optimizes the personnel allocation through the assembler allocation list;
The third layer solves the objective function according to the result of personnel allocation. The numerical results show
that the multi-layer cyclic iterative search algorithm can keep the deviation of activity start time below 2 when the
predicted workpiece quality is inconsistent with the actual value, which indicates that it is adaptable to the changes of
uncertainty factors and can meet the requirements of constructing dynamic schedules for aircraft assembly.

Key word: aircraft assembly ;dynamic scheduling; personnel allocation ; quality prediction ; multi—layer iterative

search algorithm

x  WBRBEHE:2019-12-19
HEETH : BRK H AP 4 T H (61473211 ) ,National Natural Science Foundation of China(61473211)
VEB BN flESR(1968—) , B ITH KN, R R2AHEZ, T4 i
+ AR R N , E-mail : zhigianglu@tongji.edu.cn



46 R RS A4 (A AR B R)

2020 4F

X RHLAE R B A R RO ol i 5, G
) 2 E 8 E TR AT AR R AR I iR AR 2
— VPN Z R TR e, AR 20T
URBEZE BRI AT 55 18] B Ik e 29 TR L RCRE Pl i A o i
WHARATEVEN RS, AT, CAFE#EX KL
WA HE S AHSEATAE [A) O T 5. X T 1 1)
R, LuP AR 25 AR LR G A 2 2 S ¢
IRATHRCRIE 55 07 & R PR RE PRI, R n] LA
R R C 8L TR R R Dy 9 A2 BIRIT 8 L ]t
(resource constrained project scheduling problem,
RCPSP) Je HA)™ e [l , Jf EL AT DL #y el o e sl
JUJR R ARSI Rl AT A SOR . AEANE SE 1
[T I, B TE 28 B IR 55 A 1A
FENENR , AR EIAATE 5 THIARZE
DA B 2 T ok e B 5008, G, AR 45 015 S A 55
PRI S0 T 5 5019 3 TSl 28 sl s g, LA
H/MEIUA TS 55 TR TR A2 S 1Dy B bRt
[ FEUASS TR Kb BEAN B 5 P () ALY O ik S A0 35 S
SR BEFIRTRIRBE IS , AP A B8 S i 8 st
(] B 5t PR G2 R BT AR BTl B A, AT
BT AN PR B ) i,

SEBR b, A R A G A ZON R B T i Y
e LA i g 22 A% 3 it PR R AR B, T A ke
SOk Z ] DU e AR TSR vy BRIESE R
FHAZ 24 P 45 A AR AL) S I 7 TR 22 A% 356 R 245
AU W 22 75 I T AREAE RN T 50 B3R (] ) A% 388 2ok 72
K B SR R €0 B R S ) A 47 e 22 1 2% S B
TP B o . 8P e A5 I — BT GRA
FIAHP [ S [l U710 28 ) 265 52 1 2R A3ARE 3 0
7k,

RHLARBC A, 5 BT AT 55 A B AN i
PRI it LT <O 97 N AP P e 7= $2
b TS R S ) e SREE S A U E R,
HALTRIR B, Lee S ILLTR Bl I S8 HE AR A R
JELSI R E TR B SF IR TS B 2 B TR R
KRB AR RE TR, 18 i T2 e i 25 A 2 8
FOTR S SEAE L.

SO IRTE B, BUA PR R R AR A AN
TEVESE R AR e AT i s Ak B AR PRS0 31 1)
FEL, DT 280 1 Sl e e, Rl GE AL
JO7 X2 B A AN A R AN R BT 0. BT
SCHR R AR L 20t ot i 22 A4 s AL BN T 07 5 A T
T AR ST AHSERR B AR EC S BB RE KRR
RARJE LM WHUARRCR S v SRR, 2™

Az Tt e o A R A 22— DR A 5 I
S AL I o A o R AT A7 A D 22 . TR B
S USRI A SR 1 RORRE MRS B, BT 7e 0y
LB B EVE N RN R R, 5
IR AU H TP g BOI L Sh A PSR AE S BERS 7T
I3 R R AN 1 175 5% oK i B PP A 25 i 2R SR
2, PR TIIRIBETHR R AR AH 2 1R I R A HE

X LI, A TR R RE
IKAPAE N Y BT PR 2R R 55 L BT S i s 0, 2
A7 R E o A 5 2R AT 5 LAk Dy Al
5B P BOI ) SIS USSR, WP ds T
TR PN BN E 1 DR N 2 iR S R LR T
JETHRIM ML, @A ZET A E T 5
TRA BB s B, B0t R) 22 B Be i sk
PAEE Sl g e AU i 22 RS AU R A AT
K.

1 [EEEfER R RE

1.1 [E)EHEiE

ARSI ERESHIEE AP A 3§ )9 NIEN
T AL, HRAESSI5E T TR REfE A 2 E
PRERR T 5 YRS TR RO i . BT
S8 TR A CLIAN, A A B e
S T LR R 22— K L, 7R AR SCI B9
o, R RD N LB RE AT 1 AE N R AT 55 B )
BHNRZ — i 5T IR fa o Hi AT
55 56 Tt Qe — AP £ CHLAR AT 55 1 58 1.5
s, DA Ry Rt X B0 H ST B

I T RBLREHC A, PRI 592 B 1) 2 FC I
Hrp, B O A A T BRI A L — RSB &R,
WG G MFEAERE D) B . T S AT T B sk
LIATER A, T E A PR R R I TR, (75
FFRERC A AR 4% B — 2 1sf ] AR R A A3t Uiz 3%
FAPCHLCHEA TN T, PO EC H h & AR5
PRI BB B R L o TR AR H IF IR A4
BRIIE , T A B e Fe st H (MR i B L ST
HISCATAL, FREBCif il B Qr S5 i 45 e e AT
S TR FERNRZ —, A H b 41T
55 1 SE PR T SO e g it o e PO 50 4 o e ) 2 A
T E.

FR AR IR SR T AR B T B D i AR e A
HB RS Sy 7 - HE S P[] 3 TE 1) 3 A DR SR [ 5 AR
SCHFSR IR EUEAT 1 22 e 5 e N B AR, 4 3



55 10 1 i 5 50 A% « S T YR L P sl A 9 BE ) R 5 47

SETEREE T 5t R EIS BIRL A R BE 45 Hok,
BV RA AT R e 0 S5, A IR — R
PR AT A AN A B DT s e TR T HE AT L 0T, 5 T3
FLPRIE BRI AT 55 IR PR B R ik vk
FIIR, T BRI BIR G H BTG O A RERS C M SRS T
PHEER R I, B T 2SSk FHE 1T
[FIPRSRE , 5 27 U5 2 B O AT 55 B AR B ] 462
B TR N B AT SR SRR A TR B 0 L s e L SR 2
ANB A P S B 2 (R B R AR S e, X i
N2 e R A B B AR MS G E] %S
S e e AR BRI I B T, BT BRIk,
27 i 5 SR A H ) T B B I AL 1Y 2 A PSR AE
B XA SCHFE Il R A T 2.

LG BRI, ARSCTE I Bl A 3l A SRAE
DR b AT B | A EE DR D, % 8 R Sk
AN E P SO EARTE FE T B sg e, 45 BVR S E
BIRE SR 5 T 45 o 1 T 1) AL RE T B A A 1)
R Z I B AR AT

BRI E J S n DEREESS i e J A m Fh%E
U8 ke KsATS B TR d, 5550956 TR A %,
WHESG SO iR s B [A] N THAE RS S IR 7,
RFP R IRAT A 2SS L BRICh Ry & AT 55 Z A
TEM P OC R AT 55— HIF RIS Fui/r i, R4
BCAtFR I A B Bt AT, Rl e BT 55 7] LA
AR H A BT EIR A Qe FEDIR I 1] FAb 2 A5 2
AT IX 43, W15 P SR s [i) i A 22 3B I 12 AR A
TS5 , A B RO AR Z AR R O, AT
TN EE . A 1 PR 78 LR 5
BYSR M@, FEAT— PSR ST 55347 1 BE I a]
STAPANBIEL, B Boex Y /iR Hr B 4

NS5 AT 2 HE S R RO 5 2 B B X e 4k
KB B2 A5 A T2k, R R, i T
LRPURIY B AR S A E Y E 5, R e
FOMIRETG, AU T4l B PTAk 55— B B ) [ R e
T [ PSR By BRI R #E SR B B 43 )t X AN (] 1Y)
1E55 HATVRIE  RAT— PRI ], AT AT 5550
A B.C3 W FAFRZENAES T LR
A PR S B B 2% AT 5500 2545 B S AR TRl ke 3
BB Z [ SR AT

D EFFIHAESS (A K415 ). X Tz 55, 2 A
BB E SEEEE . ESPUTEE] @, 250 R 7R
P TR AL Qe AR S5 T IR B 1) o FNEBE A
RS . ZBE S TAE S, THRIER,
A T B = Sl B ) S8 R A AT 45 BT

2) A E Y T U SR N TR A T RO 55 (B 28
H55). CHEHE SEE G R R TREN A~
AT AP G O @b, ATAR I & 75 138 2 4 {1 il
JE AT 43R BO ZEF1 BI Z-4T45. 4T BO 284155
T A TEE — BT B e PR DSR4 46 o H i Bk
B35 T A A E] o™ Fhefic A G o Bes o o™, I i
20 P I T 55 O R () 42 ) o AT 55 PRA T ) (] T 38
d. XFT Bl TS5, T HARBTE N — R Ak
PSS, R R T35 — B B e e e o, BRI
RS C AR AL

3)TE SRR I kIR AT AT 55 (C 28
55 ). CHBIRE BN RBCN R RIE N A
WESEONE 5 T TR IEN Quee. I
BT B s T IR OR, iR S
AHIE BIAT55 FEAR IR B] 2 A AL A B A3 Be R B0 s
FEPERAEPR S, k+1 A HE— 2R HL 2.

PSR

A K5

B 2E4E55 ui, (o) .9 )i =0,ie VP
Y 12
=]

C A5

| A FALSS o dl rh xh Ly, O | |
;F"' P P
. E TE
i | BsiEs g CHl |
B fg {%

C 21558 &

A %FK% Z: E[
g | BEIES Gy D=0,ie v CE i
B . By AR

C RS0 B %

A K5

W FERR
0
min 2 Cs/12
® =1

BEES:(Fy)lu=1,ieV? |:>

CEAES :alm. 500

A1 RAERAE R E RN

Fig.1 Logic structure of dynamic scheduling problem of aircraft assembly
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Fig.3 Training and testing process of prediction model of aircraft assembly quality
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Tab.1 Accuracy of prediction models %
Hife SVR HUAER % BPP 12 %) 4% F 0] o %
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Tab.2 Results of right shift algorithm

CPLEX-RANDOM CPLEX-TS TSD TSM
X1 41

E, E, E, E, E, E, E, E,

1 54.00 0.00 54.00 0.00 42.60 6.15 44.54 1.54

2 51.00 0.00 46.42 6.18 41.42 6.76 42.02 245

3 47.00 0.20 45.00 0.68 41.28 7.10 4253 3.44

i 4 50.20 1.72 50.20 1.72 38.22 4.12 4320 1.13

5 36.47 7.50 36.47 7.50 35.32 6.45 38.67 0.83

¥IE 47.73 1.88 46.42 3.21 39.77 6.11 42.19 1.88
””””””””” I 700 180 7200 376 6700 322 6983 268

2 69.00 0.00 64.00 3.52 58.03 10.15 60.95 1.19

3 70.00 1.60 69.00 1.60 63.00 5.40 67.48 2.17

2 4 67.00 0.90 66.85 0.80 57.10 2.20 58.18 1.07

5 75.00 0.40 66.00 2.64 58.20 7.00 61.45 2.35

¥IfE 71.20 0.94 67.57 2.46 60.67 5.59 63.58 1.89
””””””””” I 900 000 9100 18 8999 680 9202 178

2 103.00 2.85 98.00 3.15 91.00 6.00 90.81 2.14

3 102.00 0.60 100.00 0.60 88.99 3.88 90.17 1.04

2 4 101.00 2.50 91.40 6.54 90.00 5.30 90.41 3.07

5 96.00 0.50 103.00 0.50 92.00 0.95 90.05 3.91

YiE 99.60 1.29 96.68

2.52 90.40 4.59 90.69 2.39
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Tab.3 Results of right shift algorithm

CPLEX-RANDOM CPLEX-TS TSD TSM
X1 417

E, E, E, E, E, E, E, E,

1 54.00 0.00 54.00 0.00 43.09 8.24 44.86 3.86

2 51.00 0.00 46.30 4.40 41.30 4.00 42.19 1.41

3 47.00 0.40 45.00 1.36 41.67 12.86 4191 8.77

i 4 50.40 3.28 50.40 3.28 38.45 5.68 4331 1.28

5 37.18 13.49 37.18 13.49 35.88 11.39 38.14 1.72

¥fE 47.92 3.43 46.58 4.51 40.08 8.43 42.08 3.41
””””””””” | 749 48 7200 58 6700 672 6783 603

2 69.00 0.00 64.00 6.93 58.17 21.92 60.33 5.42

3 70.00 3.20 69.00 3.20 63.00 9.00 65.70 4.30

2 4 67.00 1.90 67.00 1.60 57.30 5.55 5821 2.20

5 75.00 0.80 66.00 4.08 58.40 10.80 61.42 1.54

Bifl 71.20 2.14 67.60 4.33 60.77 10.80 62.70 3.90
””””””””” I 900 000 9100 180 9000 390 9466 000

2 103.00 2.05 98.00 2.25 90.99 5.79 90.48 1.94

3 102.00 1.20 100.00 1.20 89.00 7.76 89.63 3.91

2 4 101.00 3.50 91.40 12.69 90.00 5.63 91.02 1.04

5 95.99 0.80 102.90 0.80 92.00 1.70 89.57 1.63

3.75 90.40 4.96 91.07 1.70
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Fig.7 Changes in the deviation of activity start time
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