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Abstract: In order to reduce the carbon emi‘@f hicles during the process of logistics distribution, on the
perspective of green environmental protection, ‘@n Vehicle Routing Problem (GVRP) of logistics distribution vehicles
with multi-type vehicles considering trafficQ&estion areas was analyzed. Firstly, the effect of multi-type vehicles and
different traffic congestion situations on the vehicle route planning was investigated. Secondly, the metric function of carbon
emission rate was introduced on the basis of vehicle speed and load. Thirdly, a dual-objective green vehicle routing model
with minimizing the vehicle management cost as well as the fuel consumption and carbon emission cost as optimization
objects was established. Finally, a hybrid differential evolution algorithm combined with simulated annealing algorithm was
designed to solve the problem. Simulation results verify that the model and algorithm can effectively avoid the congestion
areas. Compared to the simulation results only using 4 t vehicles for distribution, the proposed model has the total cost
reduced by 1.5%, and the fuel consumption and carbon emission cost decreased by 4.3%. Compared the model with
optimization objective of shortest driving distance, the proposed model has the total distribution cost decreased by 8. 1%,
demonstrating that the model can improve the economic benefits of logistics enterprises and promote the energy saving and
emission reduction. At the same time, compared with the basic differential algorithm, the hybrid differential evolution
algorithm with simulated annealing algorithm can reduce the total transportation cost by 3% to 6%; compared with the
genetic algorithm, the proposed algorithm has more obvious optimization effect, and has the total transportation cost reduced
by 4% to 11%, proving the superiority of the algorithm. In summary, the proposed model and algorithm can provide effective
advices for the urban distribution routing decision of logistics enterprises.
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Fig 1 Vehicle routes considering traffic congestion areas
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(Transportation Cost) 3¢ 78 & BE 2% B A , NV (Number of
Vehicles) 78 4280t AR o Bdi W]« 1 BEE 1134 XA T
O o 32 S T R AT, S BOMFE BRHEAR A) Be S O, 1 B
B B HE I L 4 300 P B AS DA R S m A 5 0 4 R B A AR OG5
2) BEAE PHIOIR DL F, S8 4 s/ A7 R Bt B 2 1R
DA TG 158 R E R0, 400 S LT I DX, S AT
BB B R 2 3 R, S XA TR B AR 7 AR S 5 3) Bl M A
N T RN T 6 S0 B AR EOR W R T SRR BT
SIRDLBR2Z , AR OB 2 | Ao T AR $E s
4.2.3 FRAHFEGAERILK

TR UL I ) 7 A R i SR LA 0,260 km/h,v,=
30 km/h, 5 A4 DB AL B0 T 0 it . R 7L RC
(Radius of Congestion) F&/RHIF XL A42 . F 7580 UL,
Bl 4 DR R, A RO 4 S A T B RS A
FERNGIHE 2% 5 2 g TR 2 B2 3 o el a4
R H A S H AR TEAROG , U HAE 1 A2 B R
JEAHIE X IR ORI SURA R AR AR R iR 2
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£S5 BEHIR208 EWHAIIELEE 0,=30 km/h THITHEEFRAME
Tab. 5 Driving path scheme of the example R208 vehicles at v, =30 km/h in traffic congestion area
VN VTh VR CC/IT FC/ot VMC/IT DL/km
1 0,27,6,37,91,42,22,80,63,19,45,17,44,76,0 5.95 340. 49 1294. 90 267.03
2 4 0,92,57,21,24,34,70,69,11,47,38,13,84,0 6.07 346.72 1518.90 278. 44
3 4 0,90,53 ,10 ,55,3,1,35,84,21, 85, 93, 80, 66, 91,0 3.90 222.93 918. 84 180.23
4 4 0,89,98,61,16,86,7,1,26,73,0 3.45 196. 86 936. 44 152.45
5 4 0,52,60,48,10,20,50,23,54,0 5.48 313.03 1289.20 185.56
6 8 0,12,68,29,78,81,66,90,49,36,46,82,83,2,41,18,62,9,58,55,0 10. 63 607.28 2136.20 357.70
0,8,40,75,43,15,85,96,5,88,
7 8 8.24 471. 10 1747.01 263. 86
31,30,51,3,99,53,87,0
8 8 0,59,56,39,35,33,32,64,79,8,4,74,25,77,100,0 13.42 607.27 2391.00 448.25
9 8 0,95,97,67,0 2.88 164.33 1201. 60 106. 67
10 8 0. 00 0.00 0. 00 0. 00
wit 60 60.02  3270.01 1343409 2240.19
E: I 18 846.0200; ATHLHIE 2 349.71 k.,
®o TEAEFERATTRBESHXEAE FL 2 25 0 AR B 2 8 R a0 SR o Rk 2 €8 A2 1 £

Tab. 6 Driving paths and related costs with different speeds in

traffic congestion area

v/(km+h™")  FCC/IT VMC/JG TC/oT DL/km NV
40 3223.98 12903.64 16127.62 2178.92 9
30 3330.03 13434.09 16764.12 2240.19 9
15 3567.02 14854.18 18421.20 2376.81 10

£7 FEREREER THREAH

Tab. 7  Data statistics under different congestion area situations

RC/km NV FC/T  CCHot VMGG TC/oG DL/km e
0 8 2898.34 50.72 11481.64 14430.70 2019.4 x
10 9 3089.07 54.06 12117.88 15261.01 21
20 10 3270.01 60.02 13434.09 16764.1 &ﬁ‘;ﬁ
30 10 3619.46 63.34 14815.18 18497&2311.31
Jog5K 10 5078.16 88.87 16704.11 21871.14 2493.47

4.2.4 TRMREMEGF AL RILEK

MRS AENENLT, 4 v=60 km/h , v=
30 kn/h, 3K 242 0 20 kKA S e HE A2 A 5 42 4 8
5 BIALEE w, vw, 73 IS R UL, w +w,=1,w,<1,w0,<1,w0,>10,0
AR T, MR 8 AT A, Bk B4 2% 3222 i
BRI B FE 0 20 el Y ol 2t R 2L ok, i L 22 06 ol PR i A
o B AR AR K H AR, X 3 - 1) W 6 A Tk [ 45
A, BE AR T e 26 A, SR AT fgR 15&4&%%@@
FHZE o 2) MAERRHE AL 9% T o A A 28 L B A%, fe
FURE] 20% , Ho i HERCEE FH o Eiﬂiﬂﬁtlzfﬂﬁizﬁﬁ(%zﬁﬁ,
Yy A ll PR AN 23 K VE B HE U AS . 3) Hw, w5 0.5
FF, ZE A0 001 AR S 0K, T ARG AN HE A 9% Y g i o B o, |
Tt w0, T B IFEFRRHE R S FH 2 WA, 22300 T AR T

A, L2558 3 5 HEULHE | 5 ECY LI AR N o
#8 TRANEHAZERLE

Tab. 8 Comparison of simulation results with different weights

w, w, FCC/oT VMC/IT TC/IT NV
0.9 0.1 3292.89 13508. 77 16 801. 66 9
0.8 . 3330.03 13434.09  16764.12 9
@ 3334.15 13244.07 16578.22 9

@ 3362.98 13227.69  16590. 67 9
gb 3391.58 13168. 71 16 560. 29 9

.5 REMEAC B AR L4 R ks

TR AR 7 oAb A5 R 22 B i %ET,é\v,:m km/h, v,=
30 km/h, 73 51 DA S AR R RS HE 0% T LR A T B R R L
RBATE R R AR, 65451 R208 15 ﬁﬁﬂﬁﬁﬁi
WL 9, Horf VIT (Vehicle Travel Time) 27~ 48532 47 1) )
22 9 AN : 1) UMAFEFNBRAECN D8 Ak HFR R S5 e HE i
B /N TR B3R o B AR A TR0 PR 2 35/0N ;s LIS 1 TR
(6] e /Ny EARIT, D427 TR RN/ s A SCHE R AL E A,
PRAS AR A /N 2) LURFE S BRHER SR R iis 1T
A ) A7 B 8 f /N Ry B — EARE , BLAR B — H AR 233k F]
S AR 2 S ECE RS I P XA TR B R, % sl )
() T AT B R AR I & 2, DOTIT 3 A s A K i
FEREIN, QAR SC B bR-S 2RS4 T ) f R AR L R A AR
BRI T 1. 2%; 53247 MBS i Ji Jhy H AR AR LG SRUAR AR T
8. 1% ; 55 HIFEABRHE AR HARESAH LLRRAR T 3. 0% B4R
A SO DLVAE 55 e HE 2% T A A TR AR A SR E R R R
PEATHIEES A4 TR ) AR S RRHERL 2 TR H AR AN R S R,
HRTCEE AR FAIG, PRI T AR A R A 2855 5025 o

®9 ARMUBEFHTEERLE

Tab. 9  Comparison of simulation results with different optimization objectives

etk Br FCC/TT VMC/IT TC/G NV DL/km VTT/min

K HbrR 3330. 03 13434. 09 16764. 12 9 2240. 19 4724.00

TS W HE 3188.53 14103. 63 17292. 16 9 2265. 49 4789.23

AT B 3291.86 14959. 49 18251.35 8 2059. 91 4802. 11

PERIE T TN ] 3514.28 13449. 12 16963. 40 9 2261.55 4720.17
4.2.6 FRRERHSHALRILE FEETXFEA 41 R208 , 73531 2R FH 4 U F1 8 1+ BA—ZE IR R A7) B S0
AR SR ] i 0 AN (] 42 B ) 32 i AR R 0E A T % ) HELREIFE 10, HFE 1008 1) YL 4 PR TR
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REPE. X BMHERBA L ERAGE E B2 PR 889

PEARAT SN, DT ZE A0 7 3 B s Rt FH A S5, 3 i
AR . 2) A8 t L 26 I, ZE AR AT B B 5 25U/
R A AR 23 i, DT 350k B A K 3) 27
AU 2% AH bE PR R 6 A L — 4 e R B ARG T
1. 5%, HFERHERC R AR T 4. 3%, ERH 2 4 R fls SE AT 4
YIS

F®10 RASB—FRHFHEERILE

Tab. 10 Comparison of single vehicle simulation results

VT NV  FCot  CCot VMGt TC/oG DL/km

4t 12 3414.88 63.26 13573.45 17051.59 2321.32
8t 7 3219.39 58.06 13917.88 17195.33 2198.69
AR 9 3270.01 60.02 13434.09 16764.12 2240. 19

4.2.7 REVEP A FHMG AR LR

g 6 UE AR SRR PR A A RN TE B SR FH 22 2 R 4] s
5, LY HA B R203 . R204 19 %% 1 Ak A Jm T REHL A3 , €103,
C104 J& T A #1434 , RC203 . RC204 J& TR & 43 4ii LR 2% \RC
RO AL 4 t A8 t 45 S HECE , CRAAM L4 t I8 t
A 13 FEC RSl oL AR BRI R (50, 50) , I3 X B2k 4%
A R=20 km , i3 X sk 4238 K 0,=30 km/h,10,=0. 5,w,=0. 5, 5
BG4S AN 11 BTz, VU(Vehicle Usage ) 267 228 4dE PG 0

£l =HARZASHEGITEER

Tab. 11 Calculation results of examples of

three types of user distributions

MM TCHT

VMC/IT FCC/ot NV VU

4 B 135,
C103  39052.63 35825.14 3227.49 25 R 139
8 12
4 U i
C104  34124.38 30934.68 3189.70 23 A
40
N E
R203  24451.93 20378.12 4073.81 15
8 tJri HH 74
4 tJr 84
R204  21733.42 18159.70 3573.72 13 i
8 trifH 54
4 v FH 84
RC203  19464.72 15521.02 3943.70 13
8 thi 5
4 tJE FH 84
RC204 17643.53 14149.60 3493.93 10
8 tJri FH 24

FREE LA DA 2 1) C B0 e % 9% 1 -l
N TTAS A0 P e T A7 28 T vh sy, (RS2 R A AR A
FE AR AR . FE T CIA K o E B R i e
JUAS K38, 47 0 0 22 A 0, DR B R A R X 456 5 (R 2
it P BT AR 45525, T Solomon BHE 4 i C SRR 8 P R
55 B5F [ 7 90 min, A A T R FIRC 2L 1 10 min AR 55 BT 1],
PR R A 5 P AT L L ) 7 R e v, R O 7 A L
R 55 5 /0% B R BB R AT B A . 2)RZEFIRC 2.
SVACRE T TR A AT PR A A N T e R
T W AR A IR 55 I ) HOA 10 min, 257 S RERLA A L 2
i) 7 B SR XF TE AR , (A5 AT DL ECs 2 it HUBE AT
A e g o 3) P 6 AR 4 B R, T A VMC 7 LR AR X
B, iR B 80% 2247, 1 C 28 HUKE T 90% , 156 BH 7 37 i 16
AR 2 A Lol A R O o R i N 2
S S s (R B N g w28 S B S N B )
N IETe

4.2.8 RE Ik 4r AL R

HEA SO 5 B AR 22 43 SR B AR SRS X HE SE
IR 4. 2. 7 =R AT, LIRS RO, SRR AR
WE 12 PR MR I20HN: 1) KT CRBPH], AR5
LB T A SR A 22 3 s . RCIE B AR L s AL 5
EREAR T 4. 9%, D IECT 29 7 280, M LR 22 00 Bk
BEAR T 3. 1%, FEARB08 0 T 14;2) K F R A, A 2%
YR TR AR . SRR SRR T 9. 1%, ZEAE AL
LT 3 A A 22 0 AR T 5. 2%, AR AEOR D T 2
§95;3) 6T RC AV, AR SCE 5 A AU ME. SR
KRR T 11, 1%, ZE 6T 29 7 340 AR LU AR 22 43
FERBEACT 6. 0%, EHB0R /A T 290 25 DR A S0 50
AR

x12 FAEEEKBARBEATEER
Tab. 12 Calculation results of different types of examples solved by

different algorithms

54 $Sc;%6}§%;/£ %2!&%%6:\;%;% aﬁfé;%;/f
TC/SE NV TCHSE NV TCHE NV
€103 39052.63 25 40125.71 26 41058.77 27
R203  24451.93 15 25694.53 17 26897.12 18
RC203  19464.72 13 20773.39 15 21882.05 16
5 #iE

1‘)@ TEE AR [P SRR, 25 08 T T R
{ ﬁb&%?iﬁ/ﬁl%ﬁﬁE’\J‘ilﬂﬁﬁifzﬁlﬁﬁﬁl‘lﬂﬂfﬁﬁﬂJ‘HFJ&#T
ZEr AR B BEAT SR A, 18 1 R S B B Uk T R A

s LB ATATPERIA ROE , A58 £ 2 1) H 25 ™ 5 Al T 28

PHECIRBLEE N T Wy BCIX IR [R] , BRI T s fsgese , e hn 1 B
VB, X S T B A5 75 YAy A LRSI ™ B T IR E ik
T RS IE P IE I o 2) WA b TE T B TR A
R TR A 4 AU BC R L A — RV 2 A o 3) A SCH Y

RRERILEIFERRAE A S ] A=l AR XA AR Afr i, W e

K RRA AR . 4) B TR A 2 A A 5

FH 52 M 3 DR 3% 00 2% T 206 B (] DR 5 LR R0 2 A vk

A2 TR ERAS o 5) AR S0 735 0 BE AT A FRARC 326 2 1T

Wl A R 6) B TR A BRBLEAR L 1T AR AE 5

R AN 2 S35 R T DA oMb - B TRC 26 9 82 22, DA ML BBURT BT

T YRR AR m Bl A BE A O AR BE IS H I 1 BE B
M TR A B AR T S SR T 2 4

R ER AR, AR B 2 10K DR AR R0 42 i 2 B

Vi) AR AT AR Ak , A I35 RIS 22 IO 2 Bl 25 A A ) R

1M B2 iy i s 2 o — 2880 BT AR R I AR R 46 T sl S 2 7

RULR A0 B AR (R DR 2 N — P WE TS N
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