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Coordinated optimization of responsive feeder transit with multiple depot and

transfer station
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Abstract: In order to improve the operational efficiency of responsive feeder transit, an idea of method
for responsive feeder transit system was proposed. Which consists of the coordinated operation of
multiple depots and transfer stations, the coordinated design of running routes, and the vehicle
scheduling. Considering the mixed demand of reservation and real-time, the two-stage model of
responsive feeder transit system was built to coordinate the running routes and vehicle scheduling. The
multi- chromosomes genetic algorithm was then designed. The results show that, under the same
conditions of mixed demand, the total cost, the running time and the number of departures of the
collaborative operation mode is reduced by 14.4%, 24.2%, and 3 times respectively, compared with the
independent operation. By increasing the proportion of small vehicle to 50%, the total system cost of the
independent operation and the collaborative operation is reduced by 7.3% and 7.5% respectively.
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Tablel Information of reserved demand
FoRA WS LY SEEY [LT,UT] UT, || #ke slim A% AL R RIEES [LT,UT] UT,
1 3 (1.77,5.36) P [8:01,8:03]  8:05 26 2 (2.25,5.82) P [8:04,8:06]  8:12
2 3 (3.92,5.75) P [8:11,8:13]  8:15 27 2 (2.49,1.54) P, [8:04,8:06]  8:12
3 2 (4.68,5.37) Ps [8:41,8:43]  8:45 28 3 (1.96,1.37) P, [8:48,8:50]  8:55
4 3 (2.19,4.75) P [8:53,8:55]  9:00 29 3 (2.85,4.45) P [8:07,8:09]  8:14
5 1 (1.59,4.31) Py [8:18,8:20]  8:22 30 3 (4.55,4.44) Ps [8:34,8:36]  8:42
6 3 (3.84,4.43) Py [8:46,8:48]  8:52 31 3 (1.15,3.94) P, [8:04,8:06]  8:12
7 2 (3.63,4.28) P [8:03,8:05]  8:10 32 3 (2.33,3.87) P [8:44,8:46]  8:50
8 5 (2.39,3.72) P [8:50,8:52]  8:56 33 3 (3.03,3.85) P [8:36,8:38]  8:42
9 1 (3.73,3.83) Ps [8:03,8:05]  8:08 34 2 (4.20,3.17) P; [8:06,8:08]  8:15
10 3 (5.06,3.34) Ps [8:26,8:28]  8:32 35 5 (1.40,3.01) P, [8:58,9:00]  9:03
11 1 (1.07,3.07) P [8:51,8:53]  9:00 36 2 (3.94,2.84) P; [8:29,8:31]  8:37
12 2 (1.55,2.87) P, [8:15,8:17]  8:21 37 1 (3.56,2.14) P, [8:48,8:50]  8:55
13 2 (3.243.71) Py [8:49,8:51]  8:56 38 4 (4.39,2.17) Ps [8:32,8:34]  8:40
14 2 (4.243.42) Ps [8:08,8:10]  8:15 39 3 (4.14,1.77) Ps [8:08,8:10]  8:16
15 3 (3.82,5.51) P [8:18,8:20]  8:25 40 4 (4.66,1.68) P; [8:43,8:45]  8:50
16 1 (2.26,2.45) P, [8:01,8:03]  8:08 41 2 (3.30,5.00) P [8:19,8:21]  8:24
17 2 (1.47,2.20) P, [8:12,8:14]  8:20 42 3 (4.71,4.01) P; [8:29,8:311  8:36
18 4 (2.37,2.23) P, [8:46,8:48]  8:52 43 5 (4.48,2.86) P; [8:43,8:45]  8:50
19 4 (1.59,1.99) P, [8:45,8:47]  8:52 44 2 (3.01,4.56) P [8:07,8:09]  8:12
20 2 (2.97,2.06) P, [8:23,8:25]  8:31 45 3 (1.46,1.35) P, [8:12,8:14]  8:20
21 2 (1.67,1.70) P, [8:03,8:05]  8:11 46 3 (2.72,1.85) P, [8:10,8:12]  8:17
22 3 (5.04,1.77) Py [8:11,8:13]  8:15 47 2 (3.23,1.67) P, [8:34,8:36]  8:41
23 2 (1.97,3.97) P [8:52,8:54]  9:00 48 3 (1.83,4.04) P [8:35,8:37]  8:42
24 1 (4.45,1.79) P, [8:49,8:51]  8:55 49 2 (2.69,3.47) P [8:24,8:26]  8:31
25 4 (1.40,1.51) P, [8:38,8:40]  8:45 50 4 (1.52,3.18) P [8:14,8:16]  8:22
R2 EWNEREL R IBATIS 1]t IUAH 30 min, ZE50H4T I3
Table2 Information of real-time demand v BUN 30 km/h. HIURETZ) 3 NEZITE Vi Voo
Tk AR WRABERETS FREA [UTLT] UT RS HEWS 2 &, Hh, MBEENI10AN, B
51 (2.32,3.01) 3 P, gﬂ&%;k [8:05,8:07] 8:12 ERAK 5 T8, AAATHRAN 1 Tokm: V, AR
52 (3.88,5.79) 2 P, — TR [8:12,8:14] 8:19
53 (1.67,3.28) 2 Py — TR [8:41,8:43] 8:45 NS N, JAEAN 10 7o, BAATREA N 1.5
54 (219475 3 P —RRER [8:13.8:15] 8:18 Ju/km; V3 BEAN 20 N, BIRAH 15 g6, HAL
55 (2.43,4.00) 1 P, ;ﬁii [8:18,8:20] 8:22 ﬁl}glzﬁjzzl:j\j 2 55/kms. E{ﬂ%)ﬂ& 1h B’Jﬁﬁ%ﬁﬁﬁiﬁ\]
o a1 e e v sae T2 B, SCR RIS GG T AT 5 T
58 (2.84296) 3 P, HEBETR [8:26,8:28] 8:36 No BRI N 100, SAERIRECH 100, 32
59 (4.78,3.28) 4 P; — TR [8:03,8:05] 8:08 YHER N 0.4, BB EREZ A 0.15, FbrAMEECH 5.
60  (1.96,1.85) 2 P, — TR [8:33,8:35] 8:40

HUE N 0.6 JG/min. 0.6 JG/min. 1.2 JG/min. 0.6
J6/min F1 1.2 70/min; A, F1 A, 4> SEUE M 0.4 F1 0.6;
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Table3 Information of passenger willing transfer station

ok HARgR || FeRa BRI | deRa BARSORNS | woRA BARSORNS || TR BARORIE | R HiRgoRss
1 F 11 F 21 Fo 31 F, 41 F; 51 F,
2 F 12 Foy 22 Fo 32 F 42 F 52 Fy
3 F 13 F; 23 Fi 33 F 43 F; 53 Fy
4 F 14 F, 24 F, 34 F> 44 F, 54 F,
5 F 15 F, 25 F 35 F, 45 F 55 F,
6 F 16 F 26 F, 36 F 46 F, 56 F
7 F 17 F 27 Fo 37 F; 47 F; 57 Fy
8 Fo 18 F 28 F 38 F 48 F 58 F
9 F 19 F 29 F, 39 F 49 Fy 59 F>
10 F 20 F 30 F, 40 F> 50 F 60 F,
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Fig.5 Convergence process of different operation mode
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Table4 Result of coordinated operation of multi-depots

PEKR e i ] R KM —B TR -2IE Y I8 [ %1

1 7:56 14 P1—16—-31-51-552—-F—P; 8:24

2 7:58 Vs P1—1-521527-522—-54—F,—P; 8:23

3 7:59 Vs P1—7-59-34—14-2-558—F,—P, 8:26

4 8:01 V2 Py—26—17—-45—-50—12—55-55—F —P) 8:30

5 8:02 Vi P3—59—15—>F,—P, 8.11

6 8:04 Vi P3;—44—29—39—F,—P,; 8:17

7 8:08 14 Pr—46—20—-49—-36—57T—F,—P, 8:35

8 8:18 Vs P3—41—-10—-42-30—-33—F,—P; 8:46

9 8:28 Vs P3—38—47—-53—-40—-F,—P; 8:50

10 8:33 Vs P1—60—48—532—8—-23535-F —P; 9:02

11 8:35 Vi Pr,—25—18—11—F—P; 8:58

12 8:38 Vs P3—3—43—-6—56—37—13—-24—>F,—P; 8:57

13 8:43 14 Pr—19-28—4—F —P, 9:02
HRA v ERGRATERR ], PToL 2 DRSO 50%, 408 v B kb 50%, Ry 18 i,
MIZERIEN Vs ot R R EL ] A AR AL R 2 e sfe st AR GRis AT A5 R

43 ZFEBIXEITERESEERF M
HA 2k AN, J N ER v BRI
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Table5 Result of independent operation of multi-depots

) PR R KRR S e i e fa S ) IR (BT %
Py 1 7:59 V) P1—1-526—31-54—-50-F—P, 8:21
Py 2 8:01 V) P—7-529-44—-2—-F,—P, 8:28
Py 3 8:10 14 P1—15-5-41->F,—P; 8:32
P, 4 8:19 4] P1—51-55—-49—-48—F,—P, 8:43
P, 5 8:33 4 P\—33—-556—13—4—F,—P, 9:03
P, 6 8:42 Vs P1—32—553-58—11-523—>F—P; 9:05
P 1 8:00 4] Py—16—521-27—F—P, 8:16
P, 2 8:07 V) Pr—46—20—-58—-47—>F,—P, 8:37
P, 3 8:09 " Pry—17—-45—12—-60—-F,—P, 8:39
P, 4 8:35 Vs P,—25—-19—18528-35—F —P, 9:05
P, 5 8:43 14 P,—37-24—>F,—P, 8:49
Ps 1 8:02 " P3—>9—-59—34—14—F,—P; 8:26
Ps 2 8:03 4] P3;—39-522552—F,—P; 8:23
Ps 3 8:24 4] P3—10—36—42—57—F,—P; 8:43
Ps 4 8:28 4] P3;—38—30—F,—P; 8:53
P3 5 8:37 V) P3—3—-40—43—>6—F,—P; 9:01
R 6 BERAM LK 14001 E L
Table 6 Comparison of operation mode 1200 - - - TR
BERNK RELWAIT BT E/min RERE FEHEE % 1000
MSTIEAT 568.1 393 16 79.0 g?é 200
b FE4T 486.4 298 13 92.9 b}
’&é 600
PR 7. 8 Tk 4. 5 AT A1, WIUGRT 2% % Coa00f 0 TTTTTTTTTTTITI
AN Y 8N, B RO T B v R Bk 3 B 2001
JRBNRA S FEAPAT B A BT PR 6. 9 e
10 20 30 40 50 60 70 80 90 100
AL T S A AT A 1N 4 R R
R SIS i 6 KA Dk
RGBT AT T 7.3%- 7.5%, 18T ] 73551 Fig. 6 Convergence process of various vehicle model ratio
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Table 7 Result of coordinated operation of multi-depots caused by the increase of the ratio of 7} and the decrease the ratio of 7;

PEKR KA Z KR RGBT -2k 4 JE [ B Z1
1 7:56 14 P—16—31-51-552—>F,—P, 8:24
2 7:58 Vs P1—>1-521-527-522—54—F,—P; 8:23
3 7:59 Vs P1—7—-9-34—14—-2—>58—>F,—P, 8:26
4 8:01 V, Py—26—17—45—-50—12—5-555—-F|—P, 8:30
5 8:02 Vi P3—59—15—>F,—P, 8.11
6 8:04 Vi P3;—44—29—-39—F,—P,; 8:17
7 8:08 14 Pr,—46—20—49—36—57—F,—P, 8:35
8 8:18 Vs P3—41—-10—42—-30—-33—>F,—P, 8:46
9 8:28 Vs P3—38—47—53—40—>24—F,—P; 8:54
10 8:34 4 Pr—60—48—32—F,—P; 8:45
11 8:35 Vi Pr,—25—18—11—F—P; 8:58
12 8:38 V, P3—3—43—-6—56—37—13—F,—P; 8:57
13 8:43 14 P,—19-28—4—F,—P, 9:02

14 8:48 £ P3—8—23—535—F,—P; 9:00
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Table8 Result of independent operation of multi-depots caused by the increase of the ratio of 77 and the decrease of the ratio of V;

L7 HEIR R %) KRR RBEG BT BRE-FIEEY IR =] B 1
P, 1 7:59 123 P1—1526—31—54—50—-F,—P; 8:21
P, 2 8:01 4] P—7—-29—44—2—F,—P, 8:28
P, 3 8:10 4] P1—15—55—41—-F,—P, 8:32
P, 4 8:19 Vi P1—51—-55—-49—-48—F,— P, 8:43
P, 5 8:33 14 P1—33-556—13—-4—>F,—P, 9:03
P, 6 8:42 Vs P1—32—55358—>11-523—F,—P, 9:05
P, 1 8:00 " Py—16—21-527-F —P, 8:16
P 2 8:07 4] Pr,—46—20—58—47—F,—P, 8:37
P 3 8:09 4] Pr,—17—45—-12—60—F,—P, 8:39
P 4 8:35 Vi Py—>25—19—F,—P, 8:50
P, 5 8:43 14 Py—37—524—F,—P, 8:49
P, 6 8:45 14 Py;—18—528—-35—F —P; 9:03
Ps 1 8:02 " P3—9—-59—34—14—F,—P; 8:26
Ps 2 8:03 4] P3—39—22—52—F,—P; 8:23
Ps 3 8:24 4] P3—10—36—42—57—F,—P; 8:43
Ps 4 8:28 Vi P3—38—30—F,—P; 8:53
P; 5 8:37 v, P33 —40—43—6—F,—P; 9:01
x99 WINER v, RN R ER vy )5 2 FiaE T R
Table9 Comparison of two operation modes resulted from 71}5% Ifﬁk(Ref er enceﬁ):

the increase of the ratio of V; and the decrease of the ratio of V3
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