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Path planning and charging strategy for electric logistics
vehicles with clustering non-dominated sorting
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Abstract; The limited battery capacity, long charging time and inadequate supporting facilities of electric
logistics vehicles restrict their effective promotion in the logistics and distribution field. In this paper, an
improved cluster non-dominated sorting genetic algorithm (AP-NSGA-II) is proposed to solve the multi-
objective route optimization problem of electric logistics vehicles. A charging strategy is established:
dividing the distribution clusters by designing weighted AP clusters to avoid the randomness and blindness
of the initial population, and reducing the running time and complexity of the non-dominated sorting
algorithm by the scale of distribution points within the clusters. According to the distribution and distance
relationship of charging stations, the electric logistics vehicles execute partial charging strategy. Finally,
the effectiveness of the algorithm is demonstrated by simulation experiments, and the differences between
full charging and partial charging conditions for electric logistics vehicles are compared.
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Fig. 1 An illustration of en-route charging strategy
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Fig. 2 Individual relations of the initial population

2.4.4 AR RAE
WG ERAE AL AR IE B 38 S A8 S, DT 7= 2R AR . F T 25 AT PR SR S R A R Y 0 AT 5 A 1
1@%@%%%3&&&@%,%Fﬁaﬁﬁ%ﬁ@%ﬁ/\wu
TE R AR S o R B T i AR B ACARANAR L LA o, MORE SR B A0 AR ARG 45 )2 1 A S L G 3R L SR B 5 0h
pF., >sz >pF. o pF  FoRMESR F SRR
b) 38 A  MACAR e 8 22 M e K 2 A AR B8 SO A R — AR R L 38 S JEE U] DL — A~ A2 AR rf 4 A
i R G AR AR B AT A TE K L 53 A A AR T B R A SR B 1 2 A TCER L AN 3 TR, 2 S AR
X I E AT 28 He o HE 5 0 A K A A B AT B 2 52 I % IEFX%J%?E’J?R
o)A S HAE AR T N F RS p, BEALA B 2 N AHAE G B SR8, E 7728 S A L 4T AR 1 R A L i
AU IR A A5 B0 TR W 4 TR
AR A ERAE S R R0 B AR 0B BN T 2Z 00 B AR AR B L 5 00 & 5 IR AE B N AL 45 21— 4G R
BE AR A —ACRIBE G IR L 2N A 2 0 A 5



104 TR K FFHK % 14 K

b

Lofsfs]i]sfa]a]efuofo]s]o]

Lof#fofz]afr]s]ofs]7]e]o]

U

Lols|s [+ fefa s fosfale] ]« |n]s]7]o]

@

Lofafsfefrfalofr]a]s]ufo]

B3 ZXRE

Fig. 3 Cross-over operation

[ofe[s [ [ =To[]>[@w]e]
[ef«Ts oM >T7[=[]]

B4 LTREME

Fig. 4 Mutation operation

2.4.5 WHFIEHTH

BT IR B 0 H AR UE T A EE Z R L Rl 2 S T AR 2 H AR R E A H AR R NS A . A IAE 3
A EARRECE AR R 2 5 AR 2 AR I B R R B RAAAR +1 f— 1 IR K
B G SRR R ) e s A AR i A A A5 R B R R, B 2 R A e N AR B L LA B Lk SR 3 e R
F B, g s A R A ORI AR (A5 pareto BTV EEIST,

3 mESTERIE

3.1 ZWHEREGGREIT

Shy 6 I A B o [ A R R RN A L SR A M IE IR S PR RA E AAR E LT . f8E 1 DRI
HG VAL 90 AL % SR 10 A 70 HL s, DR TC 6 X 7 A 25E 10 0 i L R 45 B RS b R DD AT 0 LA AT
FEFAAE BRI R RGN 4 ERBb R KA E Q 40 kWhi &4 ¥ 2l W) it 4 1 i K
AT3EHE B Dis=150 km, IMij Bic % 2 5% i FL 58 TH FE 547 B0 BE 29 B F L . THFE R ca hy 3.75 km/KWh; HL 314 i
ERATRERBE s R 40 km/h, BB ARSI AR R 8L e, oM 10 JC/hsl, 2R 20 J6/h, BRI /N 0.5 h ZBg Ak
§i1., KT 0.5 hid>h 1 h, #4803k 2 fros . Ho o ARRBLE o, P55 KR BLIk &,

®2 WOVAMEARZR

Table 2 Details of some nodes
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Fig. 5 Comparison of execution time between clustering and non-clustering
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Fig. 6 The relationship between distance and total time Fig. 7 The relationship between distance and penalty amount
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Table 3 Comparison of full charge and partial charge strategies

B8z R 2% KA FH FRER TR H
Ehg s ¥ i & /% /km /h
1 0—>42—>22—>1—>90—>63—>40—>100—>35—>6—>5—>55—>3—>56—>16—0 100 100 204.32 5.79
T 70 2 0—>48>95>79>29—>53—>81—>0 95 100 184.98 5.20
3 0—>44—>59—>2—>37—>78—>7—>25—>71—>12—>89—>92—>0 92 100 109.74 3.39
1 0—>42—>22—>1—>90—>63—>35—>6—>5—>55—>3—>56—>100—>40—>16—>0 100 18.56 177.83 4.81
o 2 0—>48—>29—>79—>53>81—>92—>0 92 23.32 160.35 5.09
3 0—>44—>59—>2—>37—>78—7—>25—>71—>12—>89—>0 — — 104.74 2.62

TS 1 BB e A LN AT IR B O 204,32 km, BTN 5.79 h, BiA 45 100 A9 TS
w5 - AT 100 Y0 78 HL IS AT 58 U AR R B TE R A FERE DL R L G5 1 AR IR AR R R B R 0—>42—>22—
1>90—>63—>35—>6—>5—>55->3—>56—>40—>16—>0, fF B ik 45 56 MIRACIE &5, P 230 Bl SR R o L 4 5 100 1)
FE L ST 856 F 40 Z 0], LS IR A SR R R 18.56 Y0 . AT B EE B 177.83 km, FHESH 4.81 h, #H
[] M, 450 9 5 2 5 78 R0 43 55 HL SR O 40 2 100 %6 A 23.32 % L BEES 23 )y 184.98 km A1 160.35 km , F I 43
B4 5.20 h A1 5.09 h, g5 3 FEWE T B N i 92 WAL R B B4R A SR AE LR L B T AT Bk R
B/NF 150 km 1 AN TF B 70 B, Al ATT A9 4T B BE B9 43 0 2 109.74 km A1 104,74 km, B A 43500k 3.39 h
F12.62 h,

4 & &
L F Al S HE R B0 (AP-NSGA- [ K ik ghe L 540 0 26 19 22 FL s B8 72 00 A0 ) B, 28t 7 7 — il 76 v
WS I IR AP 5825 K] 43 T 6 2 . RE G T 0 B R 0 BB AR L IR S K P T R A B

WA 1 AR SCHCHE Y 5303k (9 12 A7 Ik 8] 0 52 2% B2 S AR 40 70 FRL 3 P9 0 A R 29 O 2% fL B H0 OA 4 BT I 20 T R SR
W o i, d8 A 7 S0 TR B B A S L LA TR Sl AL i T RS TS R AR R 25 S
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