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Development of penalty dependent pricing strategy for bicycle sharing and
relocation of bicycles using trucks

Woong Kim*, Ki-Hong Kim"™*, Chul-Ung Lee***

Abstract

In this paper, we propose a Bicycle sharing has grown popular around the cities in the world due
to its convenience. However, the bicycle sharing system is not problem-free, and there remains many
managerial problems to be solved. In this study, we analyzed pricing strategy of a bicycle sharing
system by minimizing the number of bicycles relocated by trucks, the act of which incurs penalty.
The objective function is constructed by applying mixed integer programming and is presented as a
stochastic model by using Markov chain so that arrival and departure rates of bicycle stations can be
utilized in the analysis. The efficiency of the presented model is verified upon the analysis of bicycle
sharing data gathered in Daejeon in 2014.
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Table 1. Analysis of Domestic Public bicycles
Nubija Tashu Onnuri Fifteen Bikeseoul
3 = T m\:-'w.:(:g,zﬁi;.; i o
Logo 799/2& @fé‘/ &5 g
Time of introduction Jul.2008 Oct.2009 Oct.2009 Mar.2010 Oct.2015
station 249 201 27 125 152
Bike number 4,130 2,500 300 3,000 2,000
Members 400,000 - 50,000 30,000 30,000
The average number _ _
of passeng%rs per day 17,000 2,319 1,300
Megership 30,000won 30,000won 20,000won 60,000won 30,000won
Charges | Monthy. 4,000won 5,000won 3,000won 9,000won 5,000won
Per day 1,000won 500won 1,000won 1000won 1,000won
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[l. Preliminaries

1. Related works

1.1 Status of domestic and international bike

- sharing service
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[Il. The Proposed Scheme

1. Bike-Sharing for Stationary time series

1.1 Stationary time series Test
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1.2 Dickey-Fuller Test
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1.3 Stationary whether verification
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Fig. 1. Statistical using analysis of

the Daedeon Tashu

in four seasons 2014.
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Fig. 2. Statistical using analysis of
the Daedeon Tashu in 2014.
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Fig. 3. The minimum number of the bike ratio
arrive each station has 3 problem station of the
Daedeon Tashu in 2014.

2. Markov-Chain Modeling

2.1 Mathmatical Objective Function Modeling
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V. Experiments and Evaluations

1. Design and modeling construction

1.1 Formulation design analysis
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Table 2. User use the number of the bike in three
problem station

T 3 17 56
3 0 1.791 1.850
17 1.549 0 1.209
56 1.620 1.224 0
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Table 3. Between Departure and arrival rate model
expression correlation ratio in three problem station

A m
3 3.641 3.169
17 2.758 3.015
56 2.844 3.059
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Table 4. When the same penalty value of the station,

Optimal value of the Objective function Considring the

decision variable (&, : Capacity, S; : the number of the

Bike)

Station1 Station2 | Station3 | opt.min|

K, 10 10 10

h=d=1 19.0
S, 6.149 5.915 5.930
K, 58 55 56

h =d=500 166.7
S, | 30.149 28.415 28.930
K, 80 76 77

h =d=1000 233.2
S| 41.149 38.915 39.430
K, 100 100 100

h =d= 2000 328.9
S| 51.149 50.915 50.930
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Table 5. When the other penalty value of the
station, Optimal value of the objective function
Considring the decision variable (K, : Capacity, S; :

i

the number of the Bike)

Station1 | Station2 | Station3 | opt.min
h=200| M| 70 49 o 43.2
d=800 | g | 36.149 | 25.415 | 26.430
h=s00, 47 62 o 66.4
d=2001 5 | 24.649 | 31.915 | 31.430

V. Discussion and Conclusions

1. Conclusions
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Table 6. Costs and benefit(profit) according to the
Bike—sharing in the case and Item

Costs Benefit(Profit)

A lot of Installed

Installed the small

Case . the number of
number of station .
station
The truck drive The truck drive
Item relocation costs a fewer Item
lot of Item relocation costs
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Table 7. The annual net benefit and cost—benefit analysis
table between tashu existing projects and business
change

Existi hangi
businessta) business(B)
fit
pencll 136.8 147.2
Costs 25 18
Net benefit 111.8 129.2
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