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Optimization of multi-level node facilities transportation
network based on time constraint

XU Wei,QIU Yanzhao, MA Changwen
(College of Transportation, Shandong University of Science and Technology, Qingdao, Shandong 266590, China)

Abstract: The overall optimization of multi-level node facilities transportation network in a region plays an important
role in improving the transportation level of the transportation industry. Moreover,it can rationally allocate transpor-
tation resources, effectively improve scale efficiency, and improve the level of transportation service that meets the
requirements of timeliness. In this study.Firstly cargo transport network was constructed based on node analysis of
transport network. Secondly,through the analysis of the transportation network cost and the requirements of timeli-
ness, the multilevel node facility planning model with timeliness requirements was established. On this basis, the
optimization scheme of the hybrid node was added to optimize the model. Finally, the applicability of the model was
verified by evaluating the model through case analysis. The results show that the proposed model can meet the time-
liness requirements in the transportation process on the basis of effectively reducing the transportation network lo-
gistics cost.
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Fig.2 Adaptive genetic algorithm and other algorithm iterative comparison chart
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Fig.3 Comparison of fitness values between adaptive genetic algorithm and particle swarm optimization
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Tab.2 Preliminary node transport scheme
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Tab.3 Hybrid node transport scheme

— Y i
Cl B663;B92;B93;B113;B149;B151;B153;B156;B170;B182;B184;B188;B190;B199;B204;B205;B211
C2 B903;B99;B104;B122;B157;B159;B186;B189;B193;B198;B208
C3 B36;B43;B44;B48;B57;B63;B65;B72;B119;B148
C4 B79;B82;B83;B84;B106;B109;B118;B130;B138;B140;B187;B196;B200;B202
C5 B26;B27;B37;B50;B126;B137;B178;B180;B203
C6 B3;B8;B9;B11;B15;B53;B73;B75;B94;B97;B100;B111;B117;B125;B209;B210;B212;B213
3.3 ERASH
D BAS 53 #r

BN R TE AT I8 5 7 AL BT SR AR Ol 4 658 854. 90 JT L AR HE W BT T B TR LA K
3532 137.12 Jo, X REE R R BEATIR A U R BTG M 7 AR 2 3 557 507. 60 JT.

W 35 MR S T S B R 1 0 B AR A R B A 2 A1 L AT X B BT A L R SAS 7 1
HWZEME TRt b W e 2 05 0 A 58 2 /i A T B 24.18 %, TR A % IR M 15 B T A
BYHWE T 23.64%, Al LI Sl RAL T 2205 19 77 %8 W] LUA SRR AR TG 2% BUAS L 32 i i B A

2) R BT

S BT 05 8 P DTG JE S 8B SR B A RS S AN BOR B B BL AN 7 5 1R 8 TR .



T BAE kT I AL R 2 G R B S 0 4 D AT 5 « 107 -

@ MA
st 253
® —4%b

— RERUT R R E R
— REMETE -HEEMR

E6 BEETREHATR
Fig.6 Hybrid node transport scheme

20
75.00%
e 75.00%
16
50.00%
14
12 e, 8:33%
16.67%
10 9 9 gagu D.00%
8
6
4
D) 1 1
0
/NF5h 5~10h KF10h
el Emy St E=EaREMmI — ME - Wtk —BA K

7 CEECHNE

Fig.7 Warchouse to warchouse aging diagram

MIEL 7~8 W LA A A 05 T 2 W25 BT 25 19 T SR REAE LRI 75 04 14 6 PR B0 2 IS0 )
BRI 92 06 B0 PR B0 R I A0 4 v R LIRS B IS R LA DRAIE 4 9 A A S B L I 28 A A
s Z W R TT T WIS BT S ECHC S ATAE 2 b PN A0 IR RO B R R R R L TR 5 B e Y 7 56 U gk —
APt I RCE B HARIE 1A A B I R

3) B o

VLB A R P83 T G 18 5 i i B O - R BE S B 240 4 -5 W I SR AN [ R e 0%
BN ) R 75 SR AT R AT P DT 255 5 8 . SR AG SR T B 7 4 BT B AY 1 00 L O AU L 25 AT A A5 I A
BB M RS R R AR 2R A BT I RIS B, LR 4 53R S,



- 108 - b AHE KR FFIROE RHAF RO 2020 5% 1 2

220
200
180
160
140
120
100
80
60
40
20
5 1 0
/NF1h 1-2h 2-3h 3-4h KF4h
= i e O (L =R A A 2 e w2 iR & 1k
8 CENAMME
Fig.8 Warehouse to network aging diagram
4 CEMAMBBERR
Tab.4 Warehouse to network aging table
JNF1h 1~2h 2~3h 3~4 h KF 4 h
UES iR s & & FE& Kt Fr& At & %M
4#J_L A//U /f’_‘&J_L A//(] »fr_&ll_l. T 0, 4'_%]_" A/U /f’_&\‘J_L A/O
<211} 49 23.11 79 37.26 59 27.83 20 9.43 5 2.36
Y 75 35.38 105 49.53 25 11.79 6 2.83 1 0.47
BE 75 35.85 93 52.83 35 9.91 9 1.42 0 0
x5 CECHFABERE
Tab.5 Warehouse to warehouse aging table
/NF 5 h 5~10 h KT 10 h
EES & %At liRg s & At
N R/ % e R/ % s AR/ %
A LA A H
YT 8 51.64 4 48.36 0 0
Y 7 52.84 5 47.16 0 0
RE 7 59.04 5 40.96 0 0

M 4 AT AR S Zad 00 D0 A 5 25 A SR I 18] BE R0 i 9 52 i A2 1 S04 15 3 TARR I S 7). BLAEIR
AR Z )R AT MRIEFERUE 19 3 h i 228 K STz 1k . @R G 0r T IR 5 & . &
IR HHT AT A I R e AN BGRE) 8 A AE ST AT T AU R A 51. 6400, TELEIBMRAZIE 5 h
AR K B P A BRI 7 A B SR i AU AR T3 52. 8404 R B B Z S5 AT UK F 59. 0400, W]
DA S FE R 0E AE ANR & T 2 )5 e 6 20 5 A I RN LA B T — & e e Tt

£i BT X T AR S $E A R B U5 5 H AR RIS PR E 2 R U W A8 AR T 56 T U B AR Al
T H A LR A KR A3 & 7 B IO SR AERATI IR 800 B 7 I SR T AR s AE B A A B AR
TR & A T 58+ B R R R WS AT I o AELJE: R T AT 1 AR R B2 7+ AT LS8 2 W 2 i Al % 7 O I 20
SRR T AZAR M AR w8 % 7 96 T B T A SR R 55 R 3 A A bR ) S0 B8 ) 4 5 TR AT AR A



T BAE kT I AL R 2 G R B S 0 4 D AT 5 « 109 -

TR

B AT R I i 19 2% AR T DA S0IR G AR R AT 1) 22 G e 1B 1 i 0 245 A AR
D) VFZ iz Aol 4R rh B 22 % Pt SR AN BT IR R AL IR ™ N 2 AR UE R I AR SR AR R 2
BA /N DL S 240G B 1 R 5 08 a4 Ml T8k R 32 S R A5 4 A 12 a0 2% 1 B 8 A o
1o B B T I ARCEEOR A 22 T R B0 I i 1 2% DG A S R L T ORIE 7 I i I AR AR SR AR T
W 32 By LU AN P i it SR AR o fuE 0 i T 4 S I ORMIRRUAS I8 8 . SRS R R BT A3 s i ) 45 A
BAL G i am i W 45 AT L
2) AR T B f A G 4 o BE KSR — G AT DT W C % 2 S B0E iy AR S I SORA S I . AR ) 28
AL TT R LA R FIE RO ST A BRI RN A RIR SIS T R IE RS R
RE RO T Sz 2o s 2 TH .
e
[1JHAGGETT P.Locational models{ M].New York:John Wiley and Sons,1997:24-32.
[2]WINKEBBACH M,KLEINDORFER P R,SPINLER S.Enabling urban logistics services at L.a Poste through multi-echelon
location-routing[ J ]. Transportation Science,2015,50(2) :520-540.
[3]JAMIRI A.Designing a distribution network in a supply chain system:Formulation and efficient solution procedure[ J ]. Euro-
pean Journal of Operational Research,2006,171(2) :567-576.
[4]CHEN C T.A fuzzy approach to select the location of the distribution center[J].Fuzzy Sets and Systems 2001,118(1):65-
73.
[5]JKRATICA J,DUGOSIGA D,SAVIC A.A new mixed integer linear programming model for the multi level uncapacitated fa-
cility location problem[]J].Applied Mathematical Modelling,2014,38(7/8) :2118-2129.
[6]JSYAM S S.A model and methodologies for the location problem with logistical components[]J].Computers & Operations
Research,2002,29(9):1173-1193.
(718 R A AR BRI T A FBEG % B PO £4mag 2 M) ] 424 5 & % ,2018,33(12):2169-2176.
GE Xianlong,ZOU Dengbo.Vehicle routing problem of multi-distribution centers with cross-docking in the supply chain[J].
Control and Decision,2018,33(12):2169-2176.
(8] & FRIEDART EHER ARAAD R L LM I FM A REAHFE T2£FR,2011(5):100-104.
ZHANG Dezhi, L1 Shuangyan.Research on an optimization model for logistics nodes dynamic location and its solution algo-
rithm[J].Journal of Railway Science and Engineering,2011(5) :100-104.,
(9 EH . EAF A TREGH AT EER AL AEERHF I R[] T T£5422,2010,15(4) :10-14.
SHI Hongwei. WANG Fanian. A clustering model and its adaptive ant colony algorithm in logistics service nodes layout opti-
mization[ J |.Industrial Engineering and Management,2010,15(4) :10-14.
LI/, M 4 o B R B R R AT M i B it S s b AR AL AR R Sk [J ] K& M F X5 %4k, 2011,37(1) :95-98.
ZHENG Bin, YANG Hualong, TANG Fazhe.Locating optimization and algorithm of rural logistics distribution center in
county areal J |.Journal of Dalian Maritime University,2011,37(1) :95-98.
(1] E4h . #H% £ JL T ek Voronoi B g A % A4 AL XUE TR FROGGEHFE T8£I ,2011,35(6):
1103-1107.
WANG Wei, FENG Xuejun.Research on continuous logistics node layout optimization based on weighted Voronoi diagram
[J].Journal of Wuhan University of Technology(Transportation Science &. Engineering) ,2011,35(6):1103-1107.
[12]2 8% R, ZHEARTHAT EZMF AR L: AL B EAG ] 8HFERFFROE KA F M. 2016,41
(2).78-84.
WU Yuyjing. LI Ming. MENG Xiangdong.On spatial distribution and optimization of urban logistics nodes: Taking Shanxi
province as an example[ J].Journal of Southwest China Normal University(Natural Science Edition),2016,41(2) :78-84.
[131#hwe o K R AR M 246 2 B A By A L[ D] K% 48 oF Ak X 52.,2009:22-67.
HAN Xiaolong.Research on fruit logistics network and nodes layout[ D]. Wuhan: Huazhong Agricultural University,2009;

22-67. (TH®SE 119 ;1)



TR S5 - ZHUWUR R G TR R B 3& I 2 T 2% [] A 42 1) - 119 -

International Conference on Pervasive Computing.IEEE Computer Society,2010.

[10]% & . = .RBF 4% 22 M % JF ik 09 3k AR o B BAZ SR 12 sh 3 R 287 L [J ] B T AZALAR 3 4R . 2018,16(2) : 106~
110.

DONG Jun,CHEN Li.The nonlinear integral sliding mode of RBF neural network algorithm is used to control the motion
trajectory error of the manipulator[J].Chinese Journal of Construction Machinery,2018,16(2):106-110.

(1173 K& FFE X THRBFEIAGIARE B E w4y Z425 ]38 5424 ,2015,44(3):257-262.

NAI Yongqiang, LI Jun. Adaptive neural control of manipulators based on extreme learning machine[ J]. Information and
Control,2015,44(3) :257-262.

[12]JKUMAR N,.BORM J H,PANWAR V,et al. Tracking control of redundant robot manipulators using RBF neural network
and an adaptive bound on disturbances[ J].International Journal of Precision Engineering & Manufacturing,2012,13(8) ;
1377-1386.

[13]JKHAN S.NASEEM I, TOGNERI R.et al. A novel adaptive kernel for the RBF neural networks[ J].Circuits, Systems.and
Signal Processing,2017,36(4) :1639-1653.

[14]TOK DK S.YU D L,MATHEWS C.et al. Adaptive structure radial basis function network model for processes with oper-
ating region migration[ J ].Neurocomputing,2015,155(C) :186-193.

[15]JYANG H.LIU J.An adaptive RBF neural network control method for a class of nonlinear systems[ J].IEEE/CAA Journal
of Automatica Sinica,2018,5(2) :457-462.

[16]GE S S,HANG C C,WOON L C.Adaptive neural network control of robot manipulators in task space[J].IEEE Transac-
tions on Industrial Electronics,2002,44(6):746-752.

[17]GE S S.Robust adaptive NN feedback linearization control of nonlinear systems[]].International Journal of Systems Sci-
ence,1996,27(12) .12.

(WHEHHE.F &)

(E#% 109 ;W)

(1474 ARA T SR T iR M 42 W A B AR B A 77 8 A1 [T 8 F R & AF A .2013,20(1) ;42-48.

GONG Meng, QI Chunjie.Design on logistics network and nodes layout of cities in Jiangsu province[ J].Urban Development
Studies,2013.20(1) :42-48.

(5] # R EFH.IKRE AR DFLRFFTTATRERNLAHREAARABEARLIL L AARXFFRDAFFR .
2019,38(1):91-98.

LIU Xinmin, WANG Zixuan, SUN Qiuxia. Research on cascade failure and invulnerability of urban traffic network under
the background of hazardous article accidents[ ] ].Journal of Shandong University of Science and Technology(Natural Sci-
ence),2019,38(1):91-98.

[16JFAN B, YANG Y, LI L.Integrated optimization of urban agglomeration passenger transport hub location and network de-
sign[ J J.EURASIP Journal on Wireless Communications and Networking, 2018(1) :168.

(7B 2A BHEFZATHFHE AN HARERZPA] A4 5 R H,2019,34(6):1195-1202.

GE Xianlong, XUE Guiqin. Two-echelon distribution routing problem based on scenes dynamic degree[ J].Control and Deci-
sion,2019,34(6):1195-1202.

(18R B, FRARAN W& A Toit B i Sk e R BL A R AR LB LT |3+ Fhuml & 5 4541 ,2018,26(2) : 236-240.
WU Cong,CHEN Kansong, YAO Jing.Study on optimization of logistics distribution route based on improved adaptive ge-
netic algorithm[J].Computer Measurement & Control,2018,26(2) :236-240.

(190445 5 & A T o 1 & 9 5k 69 & 4% 3 42 R 40 PR AT L) ], & B & #1AH4,2017,1(4) :37-39.

XU Wei, MA Changwen. Research on vehicle routing optimization problem based on time window constraint[ ] ]. China

High-Tech,2017,1(4) :37-39.
(WHERHE .5 &)



