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Research on low-carbon time-dependent vehicle routing problem with
traffic congestion avoidance approaches
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Abstract: In order to solve the low-carbon vehicle routing problem under time-dependent network, the relationship
between discrete vehicle travel speed and continuous vehicle travel time is analyzed. According to the principle of
“first in first out”, the calculation method of road travel time across time periods based on time division is designed. The
calculation function of carbon emissions is employed by considering vehicle speed, real-time load of vehicle, vehicle travel
distance and road slope. The mathematical model of the low-carbon time-dependent vehicle routing problem (LCTDVRP)
is established with the goal of minimizing the total carbon emissions. The traffic congestion index is employed to design
the traffic congestion avoidance approach. An improved ant colony algorithm is designed according to the characteristics
of the LCTDVRP model. The experimental results show that the proposed approaches can effectively avoid traffic
congestion, shorten vehicle travel time, reduce vehicle carbon emissions, and promote the harmonious development of
logistics distribution and ecological environment.

Keywords: time-dependent network; carbon emissions; vehicle routing problem; traffic congestion
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TEBRERL (1, ) LA AR AR A f DO
m PR
step 5: FVEEE AW, W R iter < maxiter, iter
= iter + 1, WU %% step 2; 15 W, %45 .

4 HHEISH
41 XWRE

i T H A% A LCTDVRR bR v R 200 2, %
Fi Solomon [ VRP £ 4 FEBY w1 ) 545 C104. C105.
C106. C107. C108. C109. R204. R205 R206. R207.
R208. R209. R210. R211. RC202. RC203. RC205.
RC206. RC207 5 RC208 [1) 25 7 A« 75 3K 5« B[]
55 5 55 B 1) 8 B0H AR A S E s . DA B SR 48 4y
N3FPEAL: C AL, RSB FIRC 2B H A ¥ 5 7 A
53 ) e T B v A BEAL S A1 AR & 43 A7 (R A
TEBENL AT 5 8 v o A BN FBEE 100 4% 7
Ak, A4 AREE MHRE R, 4 7w T 4
Y

1) T8 Bt ik O (1 6 A B[] 24 960 min, 5 -
TAEBFE] 9 7:00 (R OB 21, % W7 50451 A i g& w0 11
ready time, H[) O min), ¢ i T4 i [8] 24 23: 00 (5 3% Bic
1% 510 1Y due time, B 960 min).

2) 25 & B b 5T T A W AR B R B e TE S
(] FA A7 A2 15 min, & AR SCAEAN IS [A] B ) IR TA] K B2 Ry
15 min.

3) AR I T AL 38 FUE, F 8: 00 ~ 9: 00, 18:00 ~
19: 00 T Ay - W v U BT 1) B, 4% B[] 1 Ay 37 368 BT (1]
B, G v O I ) B3 P 2R A A T B B 152 58 9 20 km / .

4) & w = 0.1,%[60(1 — @), 60(1 + 2w),60(1 —
3o)| W E N 3PS . R SR A = mod
(R,3), 24 Xy S EUAH [1, 2, O B, 43 530 ek 1 3K 308 i i) 2%
PN 2R 3 S AR

5) H4 LB e U IS TR B AT R B B TE A = OB ]

BV 1) AT T i B A8 i@ R FR HUE R 9 ~ 10,
B <=

6) BB (i, 7) I FE o,y WE A R < 4,0
wij = (i/7)/20; %W, w;; = —(i/7)/20.

LK Matlab - R2016a 4% f%, 76 4b 1 2% 9
1.8 GHz. WA A8 G iz 1T, 27 3k [28, 30]
W7 BREF SRR BN T:Q = 1000847 m =
30, maxiter = 600~ 7;; =20.0 =2.p = 2. = 1.5,
A =20.p=0.15.
42 SRS
4.2.1 BRI VERIRER T

SR B8 IE A SCAZ I A B R 3 5 A Ot 3B SR
Fi Matlab R2016a %5 | A 37 ¥ I 18 4% 5% (GA)
T2 P, 0 A STy 22 38 47 3 R0 06E 7 1k 1 ol ik U
1% (IACA) 5 SCHlik [32] B WCHE 5015 (ACA) A K GA i
1T LA SRS, ACA 5 GA #% E B B ZE 4 AE 0 I %]
AL H O e, LA 28 8 4 B R V. N E
GA I Rl B %5 2 200, 12 4R IR $ M 600. 52 56 5 41
C107. C108 5 C109 )% F* AL o5 J& T & v o A1, 55
I R208. R209. R210 5 R211 (% /' Ak b J&@ T B AL
o3 A, B RC205. RC206 5 RC207 (1% 1 Ak i@ T
TRA AR, SEG S5 BNk 1 TR, Hodh TCO, R T
A ZE 5 B HE R (A7 kg), TTT 2o E I B AT
S 8] (B2 min), TUT 38 715 25 5 (1) 42 5 ) B ) (o
A7: min), TTD 7~ R4 S AT B00E & (A7 km).

SRS EIE

1) TACA 1E FrH 5451 # 5 HU 45 TCO, S5 fL A%
5 ACA HH LL AR, TACA [1) B 1 715 29 B 33K 2] 26.06 %o
(B R211), F %15 20 2R N 3.18 %o(5 451 R209), *F
B L 2N 12.84 %, 5 GA L5, TACA HI #% =
LI EIA B 57.77 S C107), AT LI LK
21.69 Yo(55 1] R209), ~F- 35 75 £ Lt % 2 36.64 %. 1 B4
A A 3 R 5 10 SE RE A BRI 2R AR HE

2) IACATE I A H A # RERA5 TTT i fE. 5
ACA [ #5, TACA H 5 17 20 b 238 21 17.06 o5 151
R208), f fIL 15 41 LL 3 4 1.09 %(F 5] C109), T HIH5 4
L% 9.56 %. 15 GA #H EL#2, TACA [ i 1 20 R
£ 3 56.9 G5B C107), FARTT LI HE 2R 1.36 Jo(F 1
R210), *F- 375 29 Eb 3 A 22.97 o. i B 22 38 411 1% 10 38
T3 Re AR AR R R AT S ).

3) T TUT, IACA 7 K8 43 5451 1 5. 45 4R
% 75 T ACA, “F- 14 3d E 2 4 8.91 %, (H IACA fEFT
BB 45 FK T GAL XA IR T A3 @4
S HIBE 7 V0% (0 ERAE 40 BT A8 38 4 2 38 T v T REAE
H G T 23 A A5 2R A0 e A FH I TR RS A 3G .



N < Y >,
2492 ¥ % 5 & K #35%
+F 1 IACASACARITELE
L APN IACA ACA GA
A TCO- TUT TTT TTD TCO- TUT TTT TTD TCO- TUT TTT TTD
RC207 597.3 4219.9 1778.9 1656.2 668.55 3450.1 1965.5 1588.4 813.68 9932.6 19224 1904.6
RC206 626.5 3618.9 1889 1762.9 666.82 3247 2103.6 1750.8 1082.1 15907 2672.7 2663.3
RC205 698.34 4998.3 2038.2 1906.3 793.08 4261.4 2223.6 1790.1 1055 15056 2766 2738.8
R211 386.85 2726.3 1182.2 1108.3 487.67 2446.1 1331.3 1071.6 584.73 7635.6 1359.1 1344
R210 536.8 3641.4 1739.4 1619 601.02 3375.9 1857.9 1500.2 756.8 10589 1763.5 1732.1
R209 532.17 3340.7 1559.8 1450.5 549.11 2932.7 1701.2 1361 679.62 10322 1699.4 1691.9
R208 356.64 2914 1096.9 1034.3 415.25 2284.1 1284.1 1025.9 523.14 5415.5 1216.2 1188.6
C109 676.5 11103 17959 1671.8 776.4 10937 1815.6 1591.5 1101.1 15620 2582.8 25319
C108 744.92 11694 2001.6 1887.9 875.38 11346 2153 1866.7 1525.1 17756 3766.9 3719.6
C107 737.73 11746 1863.9 1744 786.61 12915 2058.8 1740.4 1747 20587 4325.1 4237

4) M\TTD k&, IACA T Bt 5 5451 (1) AT B BE 5
TR R T ACA B 45 1, ¥ it b R AUh
3.46 %, {H IACA 7£ FT A5 541 #8 ZAK T GA. X 15 IF 56
VE T SCHR [27,33] HF 42 H 0 B AR 0 B A A0 T v B G
B2 0 3 B 1 e R A O ) 7 A 3 I, AR AT DA
TP 5 Ab— 25 B A I 0 B A5, W8T 22 3 4
B, 40 T 2B AT BN TR 6B AR ST R AT A B
7S SR 27, 331 W LT I BRI AL ik B
A AL AL B0 TR B, 3 717 g Dk HE (1) FE £, TACA
T ACA 5 GA, Be A UL ikE <2 IE 38 . 40 50 22 40T
S 1) 9l ZE A RRCHE T
422 FHBEMRERH T

58 UE AR SCTACA F 2 € P, R H 545 RC208 dE
A7 MR, B F2 73847 10 IR, B R RAS (1 B A2 R0 R 25 R
R 2 FrR.

=2 EHIRC208HIEMBREMYN AR
CN TCO9 TUT TTT TTD VN GT CPUT
1 5029 31176 13341 12723 8 671.85 220.58
2 49357 2803.5 1313.6 12343 7 462.85 220.25
3 520.66 31204 14074 1331 7 527  226.56
4 52209 3185.1 12852 1206.9 7 571 221.48
5 521.05 30259 14206 13222 6 60528 221.54
6 517.62 30612 1307.2 12357 7 59147 220.72
7 52495 2773 13154 12319 7 457.57 226.88
8 520.81 32045 14825 1386.6 8 621.85 22424
9 527.09 28888 1323.8 1246.8 7 481.71 222.79
10 52041 29344 13315 12546 7 519.56 22547
avg 518.01 3011.44 1352.13 1272.23 7.1 551.01 223.05

22 CN IR R EL, VN O 2894 FH #s (p
57 59), GT N BT A 405 9 J0 28 A2 38 47 3 70 B b s
5ESE R 1A] (BT : min), avg AT ¥ {H, CPUT N AE P

Z AT A] (AL min), AR TF S & SRR 1

r % 2 \] 40

1) ITCOy K, 5t KAH Jv529.81 kg, e /IME N
493.57 kg, V- $1# 9 518.01 kg, 1% 578 Hl 9 [—2.28 %,
+2.93 %] 2 M. 1t B TACA 2 ¢ & I8 47 R 151 H A
BRBUE A LR, H B R e k.

2) \GTME KA, GT 5 2505 2 {3 FH I 8] (TUT)
(1) B8] B3¢ v s 3 21.55 Yo, B A o 16.51 %o, “F- 3 {EH N
18.25 %o, 1t B A SCBETH I TACA Sy JILi8E 22 88 41 1 e 22
— S8 PR SE S A7 I 1) 4 (56 15 20 205 s A FH I ) 45 P 38
.

3) \MCPUT K F, 5 Kia 1T I [A] 4 226.88 s, 5./
1847 I 18] 9 220.25 s, V- 2413847 I8 8] 24 223.05's. Ui #
TACA BEFEBUH I 1] A 25 HH 1 56 35 0 TS A

4) EFTAH J5 %, B ZE AR LR 7 i (1)
TTT. TUT. TTD 5 VN [’ME # A 52 fe /ML, Ui B 4250
WeHE RSS2 24T B0 RE 25 AT MO | AR i PR
&S 2 AR R 3L [F sg e, SR A — AN R R
H O ER E M DL R AL

45 RC208 1Y fe Mo 20 49 s A% 10 Kl 7 S tn 1 5
. B 5(a) R AT B R 26, Hoh I SE T R R iR
s B 5(b) 8 = A T 119 il 2k 5 S 2k ith 28 4> )
9 ACA 5 TACA K15 1) H A of H 35 A (1 1& B FE ith
2. HH ] 5(a) AT %N, TACA {15 0 18 2R 5 )< A K AT BRI
1K A — AN DX IR 28 7, DT 447 6 2 447 Sk PR S L U
> ZE AT B TR) L ARG A e HE . el P S(b) mT
TACA ) H br b8 ZUE R T ACA 1) B A5 2R £ 1E; ACA
KATE 500 48 LLJF Wi 81, TACA K £ 7E 400 48 LA i
S BLHH TACA t ACA B B 4 (1 i SV, e A 3
P LB S i R, TE 3E AT HA T LS R LA 2 R
PEFEEAL 5 BTRT U PR S0 B, S Bk 5 H AR



%10 #A XK A F R SR R 3 PR G AR A% B T & 4R 9 A% 19 R AT 5 2493
S e 72 3 7 0:
) SR SR 1) IRN K, — It i 7 4% 2645, 25 26 i
N VR o G REREAE 54 T2 5 A2 A 2 2 ik 21 A
S i T A 7 MBS % U 3 ORI P 3
0 b Ty 15 A e A7 2 TR 2 4 A LK R 5 5 26
ol =7 E B STRE . LA IS S A
=4 == SO
’ e 10 2) WORT K 402 5 46003 IR 80 0

(a) FRAATBURRZL

W / kg

0 200 400 600
IERIREL
(b)  H bR e BB HIE B i £
&5 EfRC208 M mMEMBEMKI TR

5151 RC208 I Fe A ZE 3% A BRI i 58 3 Fir. 36
3H N RRIBE TS, RN Ko B2 0% 7 IR (0
RO, KRBT RRE S F5),RTRRE
WHGIE % 7 5 TT AR gk ) B R) (B R A 40 il Row
T3 NP O ) H R I TR) -5 2505 [ 30 P i v 0o 1)
I 8]), STP 27 4 INAA1AE Hh ot R PR B T B

IS 18] B R4 1 2R 6 15 24 7 Xk N 5 v VeI ) B,
EFF T W v W N [ B 2R 4 5 2R 5 ko L sy e I
[F) B, 3 N7 WG v U (] B 3 58 B350 43 2% 7 P [
7 T W e DA [ B, Wit P O L A IR P /oK
HEAT BC IR B B BB T AR ST VR R O
L6 = WS N 1] B (%) A Sl AR 3, k2> ZE A AR HE A

3) AL 7 VEIE B A RN 2 A L N [R]
BUN A2 i@ . a0 4249 1 92 5% P AT I 2 95
SR I R R, SR B A A kR T T T 5 3
I (] B () A A 3 62 5K FAT R R 67 5% P I
TEFE b SR A e A kR VA T T 5 9 B[R] B
ikl

4) M\STPKFE, Z- 4 4 155 14 I 18] B HH %, 224
STESE 16 IF [ B A, oA ZE AR E0AE 25 1 B[] B AN
O R, R ZEAREAE O I 2 AP 0 HY
R, VU SR 10 2 595 S A (1], i 2 4 08 R B ). 358
WA A SC 7 15 B AR 75 22 SR - ) R B 221, A 3K
I8/ D 2SR I TR] 5 R 54l FH IS T, B A N 0 AR

#*3 HEBIRC208 R MEMERZHX

N RN

RT STP

0-92-95-62-67-71-72-42-44-39-38-40-

36-35-37-43-41-0

0-16.4-58.85-142.52-185.38-234.86-281.2-320.08-342.31-368.29-

405.51-431.5-457.05-479.27-503.28-549.88-596.48-640.71

0-69-98-82-99-52-86-57-22-19-49-18-

0-10.24-50.79-140.13-184.09-209.75-237.76-282.83-318.54-344.52-366.74-409.83-

2 1
48-21-23-25-77-58-74-97-13-17-0 432.06-454.28-476.5-499.83-548.35-595.16-642.58-738.14-777.06-824.48-876.95
0-65-83-64-63-33-30-28-27-29-31-34- 0-12.42-57.66-140.99-185.84-228.75-270.23-294.67-321.15-361.7-

3 1
32-26-24-20-89-50-0 383.93-407.26-433.24-462.13-547.62-587.07-636.98-765.78-815.04
0-90-88-53-78-73-79-60-55-100-70- 200.46-204-242.92-272.85-322.76-365.77-410.71-459.09-495.76-

4 14
68-54-96-93-0 523.62-548.58-595.02-631.69-658.36-720.36-741.6
0-81-61-2-45-5-7-6-8-46-4-3-1-66- 238.38-249-277.95-325.82-368.91-407.24-454.66-478-504.48-

5 16
56-91-80-0 542.81-565.03-591.02-614.35-765.57-810.81-838.67-864.65-872.33
0-11-12-14-47-16-15-75-59-87-9-10- 5-52.25-162.25-185.58-208.91-234.9-272.12-331.15-368.72-

6 1

94-84-0

408.69-456.11-496.67-569.64-610.75-652.02

7 0-76-51-85-0

0-125-161-198-246.28
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5 *x R %35%

4.2.3 AR E PRI S R
RIS A SCITEAEA RIRAL B AR T A 2800,
AL UAFTA 2240 B HETRCE B /N R AL B AR I ZE 5
FRAT LN 5 DA A0 AT Bk e B dpe . DA O AR
s/ N B FR B 220 A R I A T b S
DAZE 0 S5 AT B PR B8 s A0 H bR B A A 1) H
PR T

: R 4R
mlng E g g SiiktijnTijk

i€N jEN keV ReT
2 f T [ E AR, p TR AR e L S A
5 1 55 IF 181 77 2 6 BLASE IR ) FSEAR , o 04 - AT B TR
7 A R BRLIN [B] AR, 2, 9 0-1 228, 24 22400 K A A P
A 1, 5 W09 0. LLEBCIE BOA e/ H FR i 0E
B[ H br e B R

min f Z 2k +p<z Z Z Z hgkmijk-l-

kev iEN jJEN k€V RET

Z Z YikGik + Z!h‘)—i—

i€C keV ieC

135 5D 3 St

iEN jEN kEV RET
SV TC K A B 2 A A FH 1 ] S i A RN AR B
A AR A LS R 5 S S RS I (R AR

19)

(20)

DA b2 AN H s A R (1 2 3R 2% A 5 DURRHE 5 = o
N B AR BCE AR T I 2R A R R 255 SOk
(191 75, B IR A S H W E W T:p = 0.370/
min. f =150 JG/ %% «w = 0.7 JC /min. S5 K H H A4
C103. C104. C105. C106. R204. R205. R206. R207.
RC202 5 RC203, i H 45 R w15k 4 frox. Horh TTC £
TN LI AR (B2 7T, e R A5 1 & LRI 1.

FH 2% 4 1] 0

D) AR SCEVETEA FLAL H b5 28 REELAR L A AR
1 B AR AR E bR B BUE, YA SO AR R AL
H bR &2 nTAT 1 A 2800

2) SBITE LABHE S R /N R H b SR AR B HE R
23 G CAAT Bk 2 2 e o H bR DAL R AR B /)
N B bR SR A B HE RT3 EE D 9.36 % 5 17.16 %,
SRAR (0 AT B PR 55 LG DAAT Bk B B R E AR SR AR 1
AT B EE BT A 5.39 o B DU K A
N H AR SR AR AT B EE T 3 B 0.91 %o, SRAF I
SBC IR AR 43l Bl LAAT B B e A N H bRy BLEC
35 AR B/ 9 H AR SRS IR AT 34 EE 5 0.91 % 5
11.56 %o. 68 DABRHEBCA AR A B AR 380 T — & M ic
1% 2R FH, DI A Mk RE R R 23 30 — s B T 3K
AN EESE BN, PRI AT, BURF 3 11N i) 2 AH B

I 18] Jl A 5 2 4T T [ Bl A ) et
s i 51 ECR.
x4 AEMHBERNEMBEARIGER
AR /N H bR AT B 25 Bk H bR LB BCI% BeA e o H b
8y
TCO2 TTD TTC TCO, TTD TTC TCO2 TTD TTC
C103 832.87 2196 10947 844.51 2029.3 10456 1033.9 2212.9 9823.6
C104 711.33 1802.7 9288.3 742.35 1753.8 9681.2 835.79 1899.5 9018.9
C105 809.6 2016.2 10675 888.9 2001.5 10838 915.76 21115 9836.4
C106 910.83 2186.9 10562 951.82 2149.8 10485 963.23 2166.5 9860.9
R204 438.23 1156.1 2693.5 503.16 11143 2911.7 484.94 1149.6 2572.8
R205 587.57 1550.8 2626.1 665.28 1427.2 2798.1 682.06 1490.4 2381.2
R206 572.29 1488.2 29733 698.23 1368.6 2941.5 668.32 1453 2614.5
R207 465.96 1405.1 3093.1 498.23 1264.6 29279 603.03 1385.6 2549.7
RC202 858.39 2227.6 5976.9 967.17 2072.2 5440.1 1036.6 2179.1 4423
RC203 682.58 1771.5 4644.5 709.31 1689.7 42334 801.27 1940.5 37854
5 4 » TH A IS R TT VR, FEARYE AR TRy i B — bl ik

AZIE I O ORI — R LR, 3
BUR AT BN (] AL AR RE VR AR 5 IR CR &
BN, Xk 9k T PR 5 3 S R A SO X I AR
WA 2% A T PR R 4 03 A i e, g e T A T I (]
B o3 1) i B AT BRI TRITH 50595, 5 NBRHEBO 5 68
Ko, A8 PR EE Al B LAPTA R 0 ) B HE R e/ H B
H4 3 LCTDVRP %57 15 78 i 5] \ 52 38 41 4 16 2L, &

WSCHE SV SRR, S S 36 R B 1) AT S A B AL akE T vk
RE A 28 20 J6L 4 S AT T TR, D2 2 sk HE T, ELAE 2
S BT fp) - g 0 T 4 B2 S R P ) 2R A 8 P e ()
P HE K 2R AP AT 0 P 5 2) A IR T 52 38 2R A AT Bl
I TA] A7 SRR S L AT B 5 L AR S i 28 5 T
JEAE 2 A ZR SRR 20, et o — AP B
B BN ER, HE A B AR, 3) WA Al 1 e s

- Ay

“H He



%10 # XK B F B S GE I EE IK AR B T & A AR B AT R 2495

W M — 52 BIECIE BUAS. ek 4 Wi, PR AP 34
B35, WA A DR P8 1) I ) R A L P 2% it 5 AL 3

AL BAT 5 MR E, [R] th H ﬁﬁ,mf
5 GRRAE. PRI i, IS AR B IO 2 1 TS R 2 S I R ]
R, g A R R BIRIT FT T I7.

S Rk (References)

(1] SKEHE, 2%, s, FA BRI TZ R ) VRP IR &
WAL A (1] & BB 2224, 2005, 8(3): 64-71.

(Zhang J Y, Li J, Guo Y H. Hybrid genetic algorithm to
vehicle routing problem with fuzzy due time[J]. Journal
of Management Science in China, 2005, 8(3): 64-71.)

[2] 5K, REME, X5, 55 R & BT A BEALIR AT I 7]

AR A 0 R JTVE (1], R G LR FR 5 SE K, 2011,
31(10): 1912-1920.
(Zhang T, Yu C Y, Liu L, et al. Method for the
stochastic traveling time VRPSPD problem[J]. Systems
Engineering— Theory & Practice, 2011, 31(10):
1912-1920.)

(31 AR, BENAR, #hgk. 2l STUIBUE ) 4R s A5 1n) K
BRI [0]. A BRI, 2007, 10(3): 23-29.

(Pan Z D, Tang J F, Han Y. Vehicle routing problem with
weight coefficients[J]. Journal of Management Science in
China, 2007, 10(3): 23-29.)

(4] BR¥E, S0, #OOM. SRAR EN R — R0 ) 4 s A

I R IR £ R (9], TS HLEAR, 2008, 31(4):
565-573.
(Chen P, Huang H K, Dong X Y. A hybrid
heuristic algorithm for the vehicle routing problem with
simultaneous delivery and pickup[J]. Chinese Journal of
Computers, 2008, 31(4): 565-573.)

[5] Hickman J, Hassel D, Joumard R, et al. Methodology
for calculating transport emissions and energy
consumption[R]. London: Deliverable for EU project
MEET, 1999.

[6] Demir E, Bektas T, Laporte G. A comparative analysis
of several vehicle emission models for road freight
transportation[J]. Transportation Research, Part D, 2011,
16(5): 347-357.

[7] Kirschstein T, Meiselb F. GHG-emission models
for assessing the eco-friendliness of road and rail
freight transports[J]. Transportation Research, Part B:
Methodological, 2015, 73(1): 13-33.

[8] Naderipour M, Alinaghian M. Measurement, evaluation
and minimization of CO2, NO, and CO emissions in
the open time dependent vehicle routing problem[J].
Measurement, 2016, 90: 443-452.

[91 KwonY, ChoiY, Lee D. Heterogeneous fixed fleet vehicle
routing considering carbon emission[J]. Transportation
Research Part D, 2013, 16(5): 81-89.

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

Suzuki Y. A dual-objective metaheuristic approach to
solve practical pollution routing problem[J]. International
Journal of Production Economics, 2016, 176(6):
143-153.

Zhang J H, Zhao Y X, Xue W L, et al. Vehicle routing
problem with fuel consumption and carbon emission[J].
International Journal of Production Economics, 2015,
170: 234-242.

Li J, Wang D P, Zhang J H. Heterogeneous fixed
fleet vehicle routing problem based on fuel and carbon
emissions[J]. Journal of Cleaner Production, 2018, 201:
896-908.

Jabir E, Panicker V V, Sridharan R. Design
and development of a hybrid ant colony-variable
neighbourhood search algorithm for a multi-depot green
vehicle routing problem[J]. Transportation Research Part
D, 2017, 57: 422-457.

Niu Y Y, Yang Z H, Chen P, et al. Optimizing the
green open vehicle routing problem with time windows
by minimizing comprehensive routing cost[J]. Journal of
Cleaner Production, 2018, 171: 962-971.

RENSR, WIRERE, B IR. B REMORHE AR R 1 i
A2 1) REAS R b5 SRR (0], R 48 AR 2% 4R, 2013, 28(6):
804-811.

(Wu L R, Hu X P, Rao W Z. New capacity-vehicle
-routing -problem model and algorithm for reducing fuel
consumption[J]. Journal of Systems Engineering, 2013,
28(6): 804-811.)

GRDAR, EF, FHR, 55 5 8 IE B R R A (ki
VRP [ A5 A 5 SR A SIS (0], R 48 TREER 8 5 SE Bk,
2014, 34(8): 2092-2105.

(Rao W Z, Jin C, Wang X H, et al. A model of low-carbon
vehicle routing problem considering road gradient and
its solving strategy[J]. Systems Engineering— Theory &
Practice, 2014, 34(8): 2092-2105.)

ke, EHR, S5 IRBRIA T B AR AR
] A A e R SR T (). R BLRL AR, 2015,
23(10): 98-107.

Li J, Fu P H, Li X L, et al. Study on
vehicle routing problem and tabu search algorithm
under low-carbon environment[J]. Chinese Journal of
Management Science, 2015, 23(10): 98-107.)

SRk, TAE, R, W XANEH 2 F K% VRP:
DA 25 23 ) DX I 26 9 9] (D). 8 B AR 2
#k, 2016, 30(4): 153-159.

Ma Q Z, Wang J, Song H Q. Small-scaled low
carbon multi-vehicle routing problem in urban area: An
example from the regional picking-up network of zhuhai
express company[J]. Journal of Industrial Engineering/
Engineering Management, 2016, 30(4): 153-159.)



2496 EC o

5 xR

%35 %

(191 RBE, SHAHLZE. I 22 % 0 1 5 I 8] & 1 55 76 20 il 2

F-BCIE R (D). AR g8 T AR B 5 SLER, 2017, 37(1):
172-181.
(Wu Y, Ma Z J. Time-dependent production-delivery
problem with time windows for perishable foods[J].
Systems Engineering — Theory & Practice, 2017, 37(1):
172-181.)

[20] Jabbarpour M R, Noor R M, Khokhar R H. Green vehicle
traffic routing system using ant-based algorithm[J].
Journal of Network and Computer Applications, 2015,
58: 294-308.

[21] Xijao Y Y, Konak A. A genetic algorithm with exact
dynamic programming for the green vehicle routing
& scheduling problem[J]. International Journal of
Production Economics, 2017, 167: 1450-1463.

[22] Poonthalir G, Nadarajan R. A fuel efficient green
vehicle routing problem with
constraint (F-GVRP)[J].
Applications, 2018, 100: 131-144.

[23] Cimen M, Soysal M. Time-dependent green vehicle

varying  speed

Expert  Systems  with

routing problem with stochastic vehicle speeds:
An approximate dynamic programming algorithm[J].
Transportation Research Part D: Transport and
Environment, 2017, 54: 82-98.

[24] Ehmkea]F, Campbell A M, Thomas B W. Vehicle routing
to minimize time-dependent emissions in urban areas[J].
European Journal of Operational Research, 2016, 251(2):
478-494.

[25] ZEHiE, & E R, 76 BhAS W 2% ZE AR IR 7] LT
T[] E R R, 2014, 17(8): 1-9.

(Li Y F, Gao Z Y, Li J. Dynamic vehicle routing and
dispatching problem[J]. Journal of Management Science
in China, 2014, 17(8): 1-9.)

[26] ZEWRiE, B A, 275, JE T S AZ AR BT B)
W 2% A AR LA IR AL ()], RS TAEHAR 5 SEEE,
2013, 33(7): 1813-1819.

(LiYF, GaoZY,LilJ. Vehicle routing problem in dynamic
urban network with real-time traffic information[J].

Systems Engineering — Theory & Practice, 2013, 33(7):

1813-1819.)

[27] Kok AL, Hans E'W, Schutten J M J. Vehicle routing under
time-dependent travel times: The impact of congestion
avoidance[J]. Computers & Operations Research, 2012,
39(5): 910-918.

[28] Ma Z J, Wu Y, Dai Y. A combined order selection
and time-dependent vehicle routing problem with time
widows for perishable product delivery[J]. Computers &
Industrial Engineering, 2017, 114: 101-113.

[29] Ichoua S, Gendreau M, Potvin J Y. Vehicle dispatching
with time-dependent travel times[J]. European Journal of
Operational Research, 2003, 144(2): 379-396.

[30] NinglJ X, Zhang Q, Zhang C S, etal. A best-path-updating
information-guided ant colony optimization algorithm[J].
Information Sciences, 2018, 433/434: 142-162.

[31] Solomon M M. Algorithms for the vehicle vouting
problem with time windows constrains[J]. Operation
Researhc, 1987, 35(2): 254-265.

[32] Calvete H I, Galé C, Oliveros M J. Bilevel model
for production-distribution planning solved by using
ant colony optimization[J]. Computers & Operations
Research, 2011, 38(1): 320-327.

[33] Huang Y X, Zhao L, Woensel T V, et al
Time-dependent vehicle routing problem with path
flexibility[J]. Transportation Research Part B, 2017, 95:
169-195.

fEEEN

XA (1975-), T3, BIZER, L, NSEYRE B R 2
B, B-mail: liuchangshi964 @ 126.com;

HIST ) (1983 ), 53, YRIT, i, MM B sk
WL, E-mail: slzzx1983@163.com;

HERE (1974—), 55, BRI 0L, ML, NV E 5k
& T 9, E-mail: shenghuyi @ 163.com;

B eI (1968—), 2z, ml#dz, wit, NS EBRE 55
RYIF T 7T, E-mail: 813290512@qg.com;

BT (1969—), 55, B HH%, L, P B, i i
EHERF T, E-mail: 363538377 @qq.com.

FrAE AT T L)



