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Big cities need public bicycle-sharing
systems to alleviate traffic congestion

Amount of space required to transport the same number of passengers by car, bus, or bicycle.
Event info at www.facebook.com/Urban.Ambassadors - Photos by www.tobinbennett.com
(Des Moines, lowa - August 2010)



Bicycle-sharing systems are launchea
IN many big cities and keep expanding

Bike-Sharing Is Taking ¢ l\round the World

Number of cities worldwide that o’ ring systems (as of December 31, 2014)
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Problem Studied: Bicycle-sharing
system expansion via crowdsourcing

Exp Crowd Suggestions

)= e - o . . e
. ' 10 = \ / ' [y

‘ _ cxa 4 i = N [ A, ==
o 5 T 1 ! < | ~ “ ] > N (e e - - _
° O\ ! ‘:> E ) : — —~ -a
& - - ™ e -— - 4 “
™/ \ - \! - NS L | ko - . ’ - _—

1 t \ i SN

"
Py | |

. I N
N % .

7 PPl eqxsting loextiors

£ sevioe wrew

’/i B ’ b Q Jioewe Losstiem
- - A rervioe wroew
ia : ‘

N,
e

'l'

n
NN

-l L D cpor

CHICAGT DEFARIVENT
G TPARITARTATION

B SUGGEST A LOCATION

.\ | slxt | j - ﬁl[— \ ? \

= - | | ‘ \‘\'.. A ‘ | ) : ! | .
) 7 &y' | Q I =S (.



Bicycle-sharing system expansion actions

* Actions performed in expansion

- Stations
e add new stations
e remove existing stations,

* move existing stations to a
new place (remove it first,
and add it again)

- Bikes
e add new bike docks
* remove existing bike docks




Bicycle-sharing system expansion objective

Prior to expansion: service provider determines the
target expansion size (# stations K, # bikes C)

Expansion objective
* maximize the usage convenience for customers
 minimize the cost involved in the expansion



Bicycle-sharing system expansion objective

* Prior to expansion: service provider determines the
target expansion size (# stations K, # bikes C)

* EXxpansion objective
* maximize the usage convenience for customers

 minimize the cost involved in the expansion
* Objective Optimization Function

optimal grrssassssnass LTI T TETUETTEY PR PR TRIRY
stations and| 8-t-11SF| = K Z capacity(s) = C,:
bikes after | 7T S0 5
expansion y N\
objective objective
station Dike
number number




Proposed Method: CrowdPlanning

* CrowdPlaning: two-phase planning method

e Step 1: Station Planning (i.e., station location determination)

* uUsage convenience
e current station convenience: historical trips
e future station convenience: crowd suggestions

e cost in adding/removing/adjusting bike stations




Proposed Method: CrowdPlanning

* CrowdPlaning: two-phase planning method

e Step 1: Station Planning (i.e., station location determination)

* uUsage convenience
e current station convenience: historical trips
e future station convenience: crowd suggestions

e cost in adding/removing/adjusting bike stations

e Step 2: Station Capacity Planning (i.e., bike assignment)
e Usage convenience

e current bike number: historical trips
e future bike number: crowd suggestions

e cost in adding/removing bikes from existing stations




Step 1: Station Planning

* Usage convenience based on crowd suggestions

convenience.(Sp) = Z y(9:)
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Step 1: Station Planning

 Usage convenience based on historical trip records

* frequently used existing stations are more likely to be
preserved in the expansion



Step 1: Station Planning

 Usage convenience based on historical trip records

* frequently used existing stations are more likely to be
preserved in the expansion

e existing station preserving probability

# 1rips

k[T (g:)
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Step 1: Station Planning

 Usage convenience based on historical trip records

* frequently used existing stations are more likely to be
preserved in the expansion

e existing station preserving probabilit .
; ’ 7P g # trips

P(g) = & bt starting/end

)= 1 + ekiTr(gi); at the cell

* historical trip usage based convenience

convenience, (Sp) = Z y(g:) - P(g:)

gi €Y



Step 1: Station Planning

| no station one station
e Station deployment costs | before after
expansion expansion

station adding cost \ /« /«

cost(g;) =

llllllllllllllllllllllllll \ no Changes’ nO COSt




Step 1: Station Planning

| no station one station
o Station deployment COSIS before after
deployment deployment

station adding cost \ /« /«

cost(g;) =

llllllllllllllllllllllllll \ no Changes’ nO COSt

Cost(Sp) = cost(G) = Z cost(g:)

= Z max{y(g;) — 9(g;),0} - cost + max{y(g;) — y(g;),0} - cost; .
gi €Y



Step 1: Station Planning

e Station deployment objective function

convenience
V* = arg max convenience(Sg) — 3 - cost(Sg) terms
o gy
=argmax D i(y(o) +au() Pd =8 oot term

9i€G

: (max{y(g;) —5(g:),0} - costy + max{%(g;) — y(gi), 0} - cost;)

quantity constraint




Step 2: Bike Planning | number of bikes

assigned to

* Bike assignment planning station g_|
* More bikes assigne ations with more suggestions

* Mmore blkes assigned to stations with more historical usages

c(gi) > c(g5), if Tx(g:)l = |Ta(g;)l,Vgi,95 € G.
e construction cost should be as low as possible

costy - (c(g:) —¢(gi)), ifw(gi) = w(g:) = 1,c(gi) > (g:);
cost(g:) = { costy - (C(g:) —c(gs)). L G(g:) = y(g:) = 1,€(g:) = c(g4);
0, otherwise.

COSt(G) = » COst(g;)
g,-.E.G"

= z y(g:) - y(g:) - (COStj - max{C(g;) — C(g;).0} + COSt,, - max{C(g;) — C(g;).0}).
giEQ



Step 2: Bike Planning

derivation

* Bike assignment planning in the paper

* Objective function

> 4(9:) - y(g:) - (costy - max{c(gi) —(gs),0}
9; €G

+ costy - max{c(g;) — ¢(g:), 0})

s.t. ¢(g:) > c(g;), if [T (g:)| > |Tu(g;)|,Vgi, g5 € G,
c(gi) > c(g;), if Tr(gs)| > [Tr(g5)l, Vi, 95 € G,
> c(gi) =C;e(g:) eNT,Vgi €G.
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Chicago Divvy bicycle sharing system Dataset

* Divvy and crowd sugagestion Datasets
Table 1: The Divvy Datasets

datasets trip station  bike
2013 Q3-Q4 759,788 300 5,040
2014 Q1-Q2 905,699 300 5,209
2014 Q3-Q4 1,548,935 300 5,040
2015 Q1-Q2 1,096,239 474 8,274
2015 Q3-Q4 2,087,204 474 8,274

* 179,610 bike trips per month in the past two years

o Station number increases to 474 due to the
system expansion at early 2015

Table 2: Crowd Suggestion Dataset
datasets suggestions comments

Crowd Suggestion 1,098 775




Chicago Divvy bicycle sharing system Dataset
e Settings:

e stations after the expansion as the station redeployment ground truth.

* Trips and suggestions received before the end of 2014 Q4 as the
known information
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e stations after the expansion as the station redeployment ground truth.
* Trips and suggestions received before the end of 2014 Q4 as the

known information
e Comparison Methods
 CrowdPlanning. method proposed in this paper
e CP-NoDens: no density constraints is considered
e CP-NoCost: no construction cost is considered

* [IMILP: existing method for station deployment only, no capacity
assignment

* (OSD: extension of existing method with construction costs

* Random: random station and bike planning



Chicago Divvy bicycle sharing system Dataset
e Settings:

e stations after the expansion as the station redeployment ground truth.
* Trips and suggestions received before the end of 2014 Q4 as the

known information
e Comparison Methods
 CrowdPlanning. method proposed in this paper
e CP-NoDens: no density constraints is considered
e CP-NoCost: no construction cost is considered

* [IMILP: existing method for station deployment only, no capacity
assignment

* (OSD: extension of existing method without construction costs

* Random: random station and bike planning

* Evaluation Metrics:
e Accuracy, Precision, Recall for station deployment
« MSE, MAE, R2 for capacity assignment



Experiment Results

e Station Deployment Result
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Figure 4: Station deployment result evaluated by Accuracy, Precision and Recall.

* Bike Capacity Assignment Result
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Figure 5: Local station capacity assignment result evaluated by MSE, MAE and R”.
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sSummary

* Problem Studied: bicycle-sharing system expansion with
crowd planning

* station redeployment. add new stations and remove/adjust
existing stations

» station capacity assignment. add/remove bikes from
existing bike stations

* Proposed Method:
convenience maximization

e convenience of existing stations/bikes based on
historical trip records

e convenience of new stations/bikes based on crowd
suggestions

cost minimization
» cost introduced in add/removing stations and bikes
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