849 % 10 B ORE AR (A R R R D) Vol.49,No.10
2022 4 10 ] Journal of Hunan University (Natural Sciences ) Oct.2022

XEHS :1674-2974(2022)10-0092-11 DOI:10.16339/j.cnki.hdxbzkb.2022358

2 EHX 22 X0 2 MBI E = Ry
NS Y S E SR el vl R T

RIRE N = A §- A TR v
(1. ¥R R A5 PRAEE RS V6 10 570228 ;2. MR K27 hikiledbe , iR 11 570228)

W B AP R T CRA R RACH % 77 X A2 B AT 5P 5k LR SR AR e S
EPALRFFOAAFAALBEGRDIBR L HHTFRERAARL. 550, K % HFR FHI
3 ek FE AR ARAL A VE# A BRI B An it B SARIEIT B 5 R TN, 3 A R BT
4 BLIZ B A2 AR 51 3 BUiR AR RAC B T 3 & SRR AL, BLERGE 3SR S 3 Buiz e SR AR X, Bp
HF Tk E A EIURE FEA . B, XA 2 B IGE X XA $ Fh A B 0 5k e
H IR TR ARAC PV AL BATIRAAT T . 8 5, & B AR R ROP 3G e T 57 F- 2 BOR A Fo B F 45 R,
AASB AR, ST I 32 B iE B ARMACAERL ; 3ok, A xF BGE R e B it oy X fe P id s
SESTEN S SRR S b U ER AT R S TS SUEE Y- P
AR R E R, BT SR FREBRIA G ,BEIRT 2T S0 LRI A B A
FoA) B e T AL A fo Sk R BGE R e £ AP RSN B A T 69 R 20k

S4B S L BiE  E AL B IR BGE R B RARBIE R A

RESES:0931:U116.2 STERARERD A

Research on Real-time Route Optimization of Takeaway Delivery

Considering Pickup and Delivery Cross and Multiple Disturbance Factors
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Abstract: In the Internet economy, the takeaway has become a popular way of consumption. However, the cur-
rent takeaway route optimization model and algorithm do not consider the rider’ s goal and the disturbance factors
they faced, which makes the rider trapped in the system. Most studies optimize the takeaway route as a static prob-
lem, generating routes by pairwise insertion of pickup and delivery nodes. However, the takeaway route optimization

is dynamic and real-time, and the cross of pickup and delivery is the staple mode of delivery, which means that rid-
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ers can go to multiple nodes to pick up before delivery. Therefore, this paper studies the delivery route optimization

under the cross of pickup and delivery and various interference factors. Firstly, the empty cost of riders and the cost

of riders waiting are added to the target function, and an optimization model for takeaway delivery routes is estab-

lished. Secondly, four interference factors are considered, including mid—way orders, traffic control, the abnormal de-

livery time of merchants, and the abnormal time of customer pickup. An improved adaptive large neighborhood

search algorithm is designed to achieve efficient route optimization. Finally, a simulation example is generated based

on the Ele.me platform to verify the effectiveness of the model and algorithm.

Key words: takeaway delivery; vehicle routing optimization; disturbance management; pick—up and delivery

cross;adaptive large neighborhood search
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Fig.1 Takeaway delivery route considering disturbance under the integration of pickup and delivery
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Tab.3 All parameters in the numerical experiment

Bl 4 B Bl S8 Bl 4 B Bl S8
BT 55373 Int(0,10) B FA TRl 20 km/h
[HESE S 5 min 5 A b [1n1(0,3000) ,Int(0,3000) ]
[GEZ270 [nt(0,3000),Tnt(0,3000) ] B Al o [Int(0,3000),1nt(0,3000) ]
A i S B R B R T R A {1, 1,1, 1 TR R T 4 g, 5

WIARHR JOREE T, 100 BPR KK IRIREE T, 10
BB 0.95 TR BB R4 p 0.5
B F 1SS i AR €, (58/km) 0.25 B T 1 SR 25 AR €, (T0/km) 0.5
B A 11 BRI TR A5 53 AR €5 (9C/min) 0.5 B T A A5 ] AR €, (J6/min) 0.2
Tl fsg %o, L5 B E—AE A R R oo, 1.2
DR K HE 32 A B T 43 B 0, 0.8 AN DR S HEZ g b 434, 0.6
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Tab. 4 Comparison of computational effects

of different algorithms

(4) 53 5% 52 5 -2 B B B3 AR A2 AR 9 - 25 e ETWTAMEER MO AN
) N o . ; ) 4 e A ms .
O A o 5 5 1A L% B 7 A 1 AR T
KW FHREMITRG S BT TEQIUFR RS FRERRE 4885 490773 4ssado
F-IRRCEITT  BIU2R5 6 Fm 5 6 TR R 1 A 40187 484560 483373
S 6 TN 6 T I &N L AR, ook e AT A 3765.75 3233.14 3108.65
4 19 3 IV R SR A8 R B3 A 3 e — o ARSI B2 A SRR T A 2485.70 236570  2488.96
K2 i, K 3 Mg — v T 1 F% T 2 B BD 3% % L F R PR 15995.17 1535226 15315.8
R5 BR—MRFRERE
Tab.5 Rider delivery route in the first scenario
B Toh s P i A2 (1) (2) (3) (4) ISYEEaNEER
1 6—6"—18—11—11"—39—18"—40—39"—40’ 1.95 276 1.67 0 6.38
2 10—24—10"—30—33—30"—24’—33’ 1.90 1.81 0.46 0 4.17
3 31—23—15—55—21—23"—31"—21’ 2.27 3.34 0.49 0 6.10
4 35—29—13—35"—29"—13’ 2.63 1.49 0.51 0 4.63
5 28—7—36—36"—26—28"—26"—7’ 1.62 1.79 1.88 0 5.29
6 22—19—19’—16—16"—22’ 1.62 1.49 0.35 1.20 4.66
7 14—27—27"—4—4"—14’ 2.23 2.26 0 0.25 4.74
8 37—37"—17—25—25"—17’ 1.98 1.64 1.01 0 4.63
9 32—32"—20—9—20"—38—19'—38’ 1.88 2.57 0.78 0 5.23
10 5—1—1"—5’ 1.92 0.98 1.41 0 431
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Fig.2 Convergence figure of improved

ALNS algorithm in the first scenario
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Fig.3 Pickup and delivery route of some riders

in the first scenario
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Tab. 6 Comparison of computational effects of different algorithms considering disturbance factors

G B Tl 2% AR SRR

IEH Lk 6—6"—18—11—11"—39—18"—40—39"—40’ 6.38

Tk 6—6"—18—11—11"—41—41"—39—18’—40—39’—40’ 6.73

I s 5 38 A il 6—6"—18—11—39—18"—40—11"'—39"—40’ 6.65

TR AR I ) S 6—6"—18—39—18"—11—40—11"—39’—40’ 6.99

JER 7 BB I [ S 6—6"—18—11—39—18"—40—11"—39’—40’ 6.65

R7 AEAWEFX TREBESKARIXT
Tab.7 Comparison of delivery routes and costs under different delivery modes

[, i 3% % 1 SAHC % A
W% AE X 6—6"—18—11—11"—39—18’—40—39’—40’ 6.38
SR R IR 6—18—11—39—40—6"—18"—11’—39’—40’ 7.66
X L%k 6—6’—18—18"—11—11"—39—39"—40—40’ 16.50
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