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Abstract: To solve the AGV (automated guided vehicle) scheduling problem in the no-buffer
assembly line, a heuristic scheduling algorithm base on composite score is proposed, reducing
the waiting time of AGVs when execute tasks in the system. Firstly, the classical AGV fleet size
determination algorithm based on the mathematical model is improved. Then, an improved tabu
search-based AGV look-ahead scheduling algorithm (LSA) is proposed, which has a composite
score strategy. Different from the most reported algorithms, LSA takes parts delay time, AGV
empty travel distance and other objects into account. Finally, the proposed algorithms are
compared with other reported algorithms. The simulation experiments prove that LSA has better
performance than other algorithms. The robotic experiments prove that the proposed algorithm
works well in actual production scenarios.

Key words: AGV scheduling algorithm; AGV fleet sizing algorithm; tabu search algorithm;
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Table 2 AGV fleet size determination algorithm
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EX32  34.2 4.6 85 86.3 85
EX42  47.2 5.0 90.9  92.5 87
EX52  18.3 3.8 69 72.8 69
EX62  44.9 4.3 99 101.9 98
EX72  62.6 7.7 83.9  8l.1 79
EX82 58.4 6.9 151 151. 4 151
EX92  32.3 6.4  102.6 104.7 102
EX102  66.8 8.7 136.9 138.4 135
EXI3  18.9 4.0 84 84.7 84
EX23  28.2 4.2 86 86.0 86
EX33  37.3 6.1 86.3  86.6 86
EX43  49.0 5.9 93 92.7 89
EX53  21.1 1.9 74.6  76.6 74
EX63  53.6 6.9 103.9 1049 103
EX73  72.9 9.1 88.3  90.2 83
EX83  65.2 5.0 153 153.5 153
EX93  43.7 5.3 106.1 105.3 105
EX103 74.5 6.6  141.2  140.0 137
EX14  17.3 0.7 103.2 107.8 103
EX24  29.2 5.8 113.8 116.9 108
EX34  35.9 4.2 1142 113.2 111
EX44  48.5 7.6 130.1 129.2 121
EX54  17.7 3.4 96.8  98.6 96
EX64  44.0 6.1 125.9 122.9 120
EX74  63.2 7.9 133.6 138.3 126
EX84  54.9 6.4 163 163.4 163
EX94  32.4 3.3 123.3  123.0 120
EX104  65.7 8.8 164.3 161.9 157
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Table 4 Results of experiment 1
Bk ESY AGV it AT FER/s  TAF#ERT/min - 5HNE2E0E/% I TAER R BR/min

LSA+FSDA 6 96. 4 57.9 3.4

4-9 56.0
NN+TS 2 127.2 73.2 30.7
LSA+FSDA 6 95.8 99.2 3.3

8-9 96. 0
NN+TS 2 127.0 103. 8 8.1
LSA+FSDA 6 95.8 139.2 2.4

12-9 136.0
NN+TS 2 135. 4 144. 8 6.5
LSA+FSDA 15 92.1 111.3 2.1

4-18 109. 0
NN+TS 3 141.2 202.6 85.9
LSA+FSDA 9 95.9 197.5 6.8

8-18 185.0
NN+TS 2 127.7 308.0 66.5
LSA+FSDA 6 96. 7 267.7 2.6

12-18 261.0
NN+TS 2 125.8 315. 4 20. 8
%) AT LUF #], Vivaldind VR B B BE R RA 330
Z BB T EAE WKL E T RE AT 55 I R BT 20r
. w 310
K, IHRAL T 5 5 ras 19 AGV B0 . i AR S “ 300l
I AGV BUBLRR 22 5575 BE S 2545 50 /D i e A S”m
TR, RERS B T SEBR T AGY MU # 20|

N BLS 0 25 BR  BTR AGV B = 20l o —

B2 A SCHE h 088 7 B AR 1 Vivalding o [
SEUHR BV AR 25 O . AN 4-97 X%t L ZE 47 250 - —_—3 4 —35 6 —7 —8 —9
“4-187, TIPS IG Z N IR E T 20 M0 9 1 1 2 25 2 3B 3

AGV. Zf]“4-9” 1 | LSA+FSDA FI NN+TS 15 3|
(25 3 5 0 T RE R PR B 22 BE 43 51 R 3. 4%
30. 7%. TAEZEH“4-18"Fh , —F 4351 H 2. 1% Fl
85.9%. Fli#5 P AGV FUit 3, WA 33 1L AL
B ZEREAS KT . [RIREHD 2 FEAH R 9 TP a8
o, AR T fE] A DAAS 3 2 ] “4-97, “ 8~
9”7, “12-9" F1“4-18",“8-18", “12-18" Wi £ X It
SRS SIS EE AT LU B NS R — 4 55,
T AGV i AR Z2 i Ol TR ] A8 J ), A8 5C
JITH 0 PR SRR AR B ACR 5 Vivalding %R H
FIEHR AR AR K

Ry it — 2L B R A SC R4 I N T AGY
B A TR RS HER, DL 12187 R Ry il 45
T AT AGV B WLE 52 40 in T 1% e 119 52
5. B8 s T AR B 1 AGV I, TR
Az PR INFE SR RS E] . Rl T ELSC S YA R
RIF a IR S I, BT A B A8 #8 h 25 IR) AR Us n T
4, PR A R RE T DA 63 B 205 1 o 1)~
RZS, B ZBCR ERIR S M it

FRAE 2 2 Y L6 25 9, X 12187 &, i
LAGVEE 6 & . WK 8] LIAH], AGV %L
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Fig. 8 Makespan of case “12-18” with different AGVs
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Fig. 9 Gantt chart of case “12-18” with 4 AGVs

M ] o o o B
O
M/ poessssssssssssssssssms
N
M5 N
W
M7 N
I
M9 .
I
M11 I
N
M13 -
-
M15 ..
- -
M17 + ..
) ) A EEEese.

40 120 200 280 360

{5 .6 [El/min

E10 *“12-18"%f%]6 FH1FE
Fig. 10 Gantt chart of case “12-18” with 6 AGVs
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Table 5 Results of experiment 2

AT S5 HERT /s 77 b BN T AE B /min
TS IG LSA TS IG LSA

rx ™

6x8 137.7 236.7 115.1 209.8 221.1 190.3
6x10 113.9 211.9 107.0 253.2 249.1 226.5
6x12  112.0 205.6 96.7 280.7 281.0 267.7
6x14 105.6 212.7 94.5 319.8 320.5 308.9
6x16  92.8 215.1 86.1 356.7 358.5 324.9
2x12 81.6 166.1 91.8 382.7 320.6 387.8
3x12 92.5 189.5 100.8 301.0 320.1 322.7
4x12  104.8 206.5 101.8 290.9 291.3 290.9
5x12 113.5 223.5 103.4 281.4 290.5 270.6

“12-187 il R H R B AGY i (6 &
AGV) I, LSA B 1 (K 11 LA 40 5 156 1
A7) Ml Vivaldini 55 By £2 58125 (& b RS HILES G
SRS 24T) (Zou F Y Fr R Bk (TR RS HLER
T 5 34T A I T HRe A

Ml g

o s e e s o S G - - -

s | SO e e s SR -
Ms | an rona )
M7 | = Fow - -
M9 " ere
M11 | el
M13 | =S
Mi5 | -— e =
M17 | TS BRI —

& 1% ﬁo-_za;--;ar

)i BBt [E)/min

E11 “12-18"&Gl6 FH4FE (L)
Gantt chart of case “12-18" with 6 AGVs
(comparison)
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Table 6 AGV performance parameters

HAEE/ (m-s?) 0.3
2 INHE/(m-s?) 0.4
Tl H s KA /(ms™) 0.8
2 BRI/ (mes™) 1
SR T Al /s 35
PR /s 15

AGV $ht o 44, % F LSA 5 50 4 920 A5 21 Y
SRR TN . Frp R BUAGAFEn T fA]
BRI A, /m. SE T HRERT T K, 32 7 BT AR45 5 Mg
E S5 BN T RERT .

i 3 S PR AR AR X (34) A T
FERT T FR A 967 s. AT LA F, L4615 20 49 i T#E
It 5B R R 19 22 BE7E 0. 2%~12. 9% 2 i) , HF
P2 BEAUN 3. 6%. TET Bk AR SO R Bk
BN 0 T A L5 45 2R SAERT T FR 22 IR 7E 2. 1%~
6. 8% Z 1], 55 LI B W Z5 LA W) 5, iX
0 IE B AR SO ) 32 T i A 48 2R 1 i B O
L BB A U AE SR A P TR AGV T
RGATRHOR

R7 EEWKER
Table 7 Results of AGV experiments

TAHFS SEBRAERT /s 2Z06/%
1 1001 3.5
2 979 1.2
3 988 2.2
4 1025 6.0
5 969 0.2
6 1035 7.1
7 980 1.4
8 1011 4.6
16 978 1.2
17 973 0.6
18 1029 6.4
19 1092 12.9
20 989 2.3
21 1015 5.0
22 977 1.1
23 985 1.8
5 4 i

B X TCRAT WKL A 7= R G B9 AGV 1/ i
[a) 0, A S0 N AGV B 5 F AGV AT 5543 i 1

AT AT TRSE . B 5E, 8 T RS MEAG R
G AGV B, A SC I T H T X E A
KA T= R G AGV FUR 2 Bk . AL
FHHTET M AGY UL & Bk, 256 T L%
FETKER A = R G AT 55 i3 01 KR, MAT 5512
B I 0] 60 T A 5 i B T) W9 A 0 B % 2R 6 BT 75 119
AGV B dEATAR 5. Rk, S T B | R it
fift e AGV T 55 3 I ) R0, AR SC& T i S 8
TG I TS AR R R AL . i EIL iR
Vo AV 52 FERA , AR T e il H TR 2 808h &
R RE B ORI AR S A 1 TR Bl
T AT R SRR

3 B RGXT HE AR SCHR R 2 AT S5 T
) FR AR 7 B 1% R A% BEORG o Hb A B T 28 A7 T
KA = RGN AGY Bk . il 5 &5
TARERT R BT LY, A SCHE Y A AR SEBR T
AGV Ui it 22 i R R Ay . 3 3 5 H At o i
T, A SCHR 1 3 i AR A R Y T RE A
VI B E RE S AT RO T AR RS SRR 1 R
BRI TR S SEI 5 y FLAE R ) — Bt
— PRI T AR ST R R BT SR HANE . A
SCHT AR AL © 52 B N T 43 JC G2 A R K 4k il
RS, 7 RGN RCR R T KT .

AR SC YRI5 I A 5 AGV Y sEE L [R]
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