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Introduction

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

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

• 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

• Input: time-series data
𝑋𝑋𝑠𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑜𝑜: departure count for station 𝑠𝑠 ∈ 1,⋯ , 𝑆𝑆 during day 𝑑𝑑 ∈ 1,⋯𝐷𝐷
and at hour ℎ ∈ 1,⋯ , 24
𝑋𝑋𝑠𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖 : arrival count for station 𝑠𝑠 ∈ 1,⋯ , 𝑆𝑆 during day 𝑑𝑑 ∈ 1,⋯𝐷𝐷 and at 
hour ℎ ∈ 1,⋯ , 24

A vector 𝜲𝜲𝑠𝑠𝑠𝑠 = Χ𝑠𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖 ,⋯ ,Χ𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖 ,Χ𝑠𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑜𝑜, … ,Χ𝑠𝑠𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑜𝑜 describes the arrival and 
departure activity of station 𝑠𝑠 during day 𝑑𝑑

• Assumption: 𝑋𝑋𝑠𝑠𝑠𝑠𝑠𝑠 | 𝑍𝑍𝑠𝑠𝑠𝑠 = 1,𝑊𝑊𝑑𝑑𝑑𝑑 = 1 ~ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝛼𝛼𝑠𝑠𝜆𝜆𝑘𝑘𝑘𝑘𝑘𝑘)

• Output:  Pick up and drop off rates on both 
weekend and weekday, 𝜆𝜆𝑘𝑘𝑘𝑘𝑘𝑘

• EM algorithm



28th Annual CTS
Transportation Research Conference 6/14

Clustering Results (1)

• Weekend Destination

10 stations
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Clustering Results (2)

• Bimodal

97 stations
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Clustering Results (3)

• Single Peak

83 stations
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Rebalancing vehicle routing strategy

• Mathematical formulation
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Rebalancing vehicle routing strategy

• 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 

TI
M

E



28th Annual CTS
Transportation Research Conference 12/14

Routing Results (2)

• Routing- Physical Network 
Station ID Demand Stock

66 1 6
179 -6 6
95 1 6

192 3 6
41 -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

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

• 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. 



Thanks!
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