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Introduction

e Bike Sharing System in MN: Nice Ride
e 202 (190) stations
* 430,210 trips in 2016
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Goal and Methods

e Goals
1) To identify usage patterns in BSS
2) To find a routing strategy for rebalancing vehicle

e Methods

1) Bike station clustering using Poisson Mixture
Model

2) Vehicle routing optimization problem for finding
the routing strategy
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Station Clustering

e Input: time-series data

X2UE: departure count for station s € {1,---,S} duringday d € {1, D}
and at hourh € {1, -+, 24}

XM« arrival count for station s € {1, -+, S} during day d € {1, - D} and at
hour h € {1,---,24}

Avector Xoq = (XU, -+, X0, XOUE, .., XYL, ) describes the arrival and
departure activity of statlon s during day d

° Assumption: Xear | {Zg = 1, Wy = 1} ~ Poisson(agAy;t)

e OQutput: Pick up and drop off rates on both
weekend and weekday, 1;;;

 EM algorithm
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Clustering Results (1)

* Weekend Destination
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Clustering Results (2)

* Bimodal
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Clustering Results (3)

e Single Peak

Weekday Weekend

OO

83 stations

28th Annual CTS
Transportation Research Conference

8/14




Rebalancing vehicle routing strategy

e Mathematical formulation

________________________________________________________________________
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Rebalancing vehicle routing strategy

e Rebalancing vehicle travelling among stations to
pick up and drop off bikes to meet the demand

* Decide the route that minimizes travel cost but
satisfy demands

* Problem size:
12,000 nodes

420,000 links
1 hour planning

horizon
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Routing Results (1)

* Routing- Time Expanded Network
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A 429 3o 399 AU 4429 S029 539 6629 o729 7[R9 9329 9329 104129 105129 106129 115129 136129 137429 142029 1529 163129 164129 166129 167029 173129 175129 178129 188129 192129
428 - 35028 —39022. S128_44l28 SQI8_ 33028 _eelz8s 6728 7228 9328 95028 104128 10528 106128 115128 136128 137128 142128 158128 163128 164128 166128 167128 178128 175128 17928 185128 192128
a@z7 35027 39027 a1l27 4427 50027 53027 66127 67027 72027 93127 95027 10427 10;_;7_106-27 115027 136027 139027 143037 156027 163RT AT 166027 TeMiz7-178077 17502 ™ 1le7-18810% w227
a@6 35026 39026 4126 44026 50026 53026 66L26 67026 72/26 93026 95026 104126 10526 106126 115026 136126 13726 142)26 158126 163126 164026 166126 167,26 173126 175)26 179 zs 183 26_152 26
4@s s 3PS APs 4@s SAPS SIPS oS oMPs TIPS SIPS oIPS 10§25 10§05 10§es 11GRs 13RS 1IPRS 14895 15825 16§95 16§25 16@es 16§25 17051780 1780 35 133 25 193025
924 3524 3924 44 4424 50024 53R4 6624 67124 7224 9324 9524 104124 108)24 106124 118024 136124 137)24 142124 158124 165124 164124.166129 16934 173 24 178024 179)24 183024 192124
a@s 3523 39023 4123 44l23 s0f23 5323 o623 67023 7223 9323 9523 10423 105)23 10623 115023 136123 13723 142023 158)x1 T63) 23 154 23 166023 167023 17323 175)23 179)23 183)23 192023
a@2 3522 3922 4122 44122 50022 5322 66022 6722 722 9322 9522 104122 105022 106)22 115122 13@)22 137122 142122 156122 163) 22 164723 166 B2z 16022 17802 17§22 17§02 16§22 19802
a@1 35021 39021 421 4421 50021 53021 66021 67021 72[@21 9321 95021 10421 105)21 106J21 115)21 136)21 137021 14221 158021 163421 164)21 166)21 167 21 174t vs 121.179;21 163021 192,21
a0 35020 33020 410 44020 50020 53020 66020 67320 72020 9320 95120 10420 105)20 10620 115520 13620 137520 142120 158520 163320 164520 166J20 16720 173320 175120 179 zo_;ﬁ: 20 2odi20
a@e afs dq@e a@s 4@ 50Pe 3Po oo c@e 7ZWo syPs oxPo 1o§s 10§k 1o@s L1go Ifile LIPS 14BN 156N9 Jafa 16@no-108y 19 Te7ids 178119 _175 19 179)19 188J19 192019
4@s 333s 3908 4138 44l 508 5308 6618 6718 7ZRs 938 95118 104115 10515106118 #15 o1 36105 137010 142515 156016 163518 164315 166518 167516 173516 175016 176515 163016 193518
afi7 3507 3907 4117 44@7 50017 53MT S607- 6707 "7HAT ST ;5 17 104J17 108)17 106J17 115017 136517 137017 142)17 158217 163017 164217 166J17 167017 173517 175017 179517 183017 192J17
afle 350e-asiTe” A1016_ 54_12‘-_50 16 53016 6616 67016 72016 93016 95016 104)16 105)16 106116 115)16 136116 137216 142)16 15816 163)16 164016 166116 167216 173116 17516 179016 183116 192116
415 3515 3915 4115 4415 50_ 15.. ;3-1-5 65 15 67 is~ 72 15 =93 15 95 16 -104 15 105,15 106 15 11_5 15 136_15 137 _15 142 15 158 15 16315 164 15 166_15 167_15 17315 17515 17915 188 15 192 15
afta 35014 3914 4114 44014 50014 53014 66014 6714 72014 93014 95014 104)14 105014 106)14 115014 ;3; 14 138 13 '14"2 A4 eifoasins #6414 166)14 16714 178,14 175)14 17814 188)14 19214
4@s 3503 3903 4113 4403 503 53A3 66M3 673 773 533 9503 -1e4)1s 10517 A3 1503 1360 13-137 13 142013 158013 163013 164)13 166)13 167)13 173013 175013 179)13 183013 192)13
a2 3502 3B AYRT MR SHIY 5 -_1-2-6-6-12 67012 7212 93]12 95012 104112 105012 106312 115)12 136312 137012 14212 15812 163012 164012 166212 167012 173012 175612 178012 183012 192)12
411 3511 3911 4111 44311 5011 5311 -6; ;1- 67 11 72 11 95 i~ 95 1T =104 4% 205 11.106 1] 115 11 136 11 137 11 142 11 158 11 163 11 16411 166_11 167 11 173 11 175711 17911 183 11 192 11
aflo 35010 39030 41010 44010 50010 53020 6610 6710 72010 93010 95010 104310 105310 106)10 115410 13610 137 10 Iaz 10 1567 0_153 A0 I54ND 106016 567010 173510 175010 179)10 158310 192310
45 3519 389 4allo a4l Gl S3O 66l 679 73S oF9 959 1089 195> -106o- TIST 1369 13m0 1-41-_9— 158)9 163)9 1649 166)9 1679 1739 1759 178)9 18%9 1929
4B 35i8 398 alls 4408 5008 538 668 678 728 938 958 104_5:1.05_& 6.6 11518 1368 1378 1428 1586 163.8 1648 166:8 1678 1738 1758 178,6 1838 1928
4y 38)7 397 a4l 447 507 537 667 677 727 937 957 1047 1057 1067 1157 1367 1307 1427 158?7- 1687 1647 1667 f6.7 "17857 TIE7 -m8 - 4837 1927
46 3506 3906 4l 446 5006 536 o606 6706 7206 odl6 9506 1086 105.6 1066 1156 1366 137.6 14206 1586 1636 1646 166.6 167.6 173.6 1756 178:6 1886 1926
45 3505 385 afls adls 5005 S35 665 675 725 odls 9505 1085 1055 10685 1155 1365 1375 1425 15815 1635 1685 1665 1675 1735 1755 1783 433_5-;9;5
43 351 394 af4 e 50 SEA 664 of4 724 oS 954 10414 10514 1084 11514 13613 L1574 424 1587 TeRT “15474 166 -4_1-57-; 178:4 1754 1789:4 1834 19204
43 353 393 43 443 50)3 533 663 673 7203w =93z 35T 104 3 105-3-1-06 3 1153 1363 1373 1423 158)3 1633 1643 16613 1673 1733 1753 1793 1883 1323
42 382 392 42 442 5002 532 662 672 72 o32 o952 1042 105-2- 1-06 2 1TST e T adZ2 1582 1632 1682 16612 1672 17312 1752 178)2 1§82 19312
4 80 39 afn agl _ 500 -53- =661 - BAT o T e -105-1— 105,01 1061 1151 1381 137%1 1421 1581 1631 1641 16601 1671 1731 1751 178)1 1831 1921
4o~ =350 ~ 380 _;1'_-0 aglo 5000 530 660 6700 720 930 950 1040 105.0 1060 1150 1360 1370 1420 1580 1630 1640 1660 1670 173.0 1750 1790 1830 1920

28th An

nual CTS

Transportation Research Conference




Routing Results (2)

* Routing- Physical Network

Station ID Demand Stock

66 1 6
179 -6 6
95 1 6
192 3 6
a1 -3 6
50 -5 6
173 -2 6
106 -6 6
166 -3 6
/| 136 4 6
137 -5 6
53 5 2
104 -4 8
44 -1 6
93 0 6
105 -7 7
158 -4 6
39 5 2
164 3 10
183 -7 7
175 -5 6
163 -3 6
142 1 0
72 -4 4
167 5 10
67 -6 6
4 0 20
115 3 6
35 -5 6
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Conclusion

e Bike stations are clustered into 3 categories based
on its usage profile

e Using estimated demand from clustering, the
vehicle routing problem gives optimal rebalancing
routes that meet the demands and at the same
time lowers the travel cost.
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