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Development of an Algorithm for Minimization of Passengers’
Waiting Time Using Smart Card Data
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Abstract Bus headway plays an important role not only in determining the passenger waiting time and bus service
quality, but also in influencing the bus operation cost and passenger demand. Previous research on headway control has
considered only an hourly difference in the distribution of ridership between peak and non-peak hours. However, this
approach is too simple to help manage ridership demand fluctuations in a short time scale; thus passengers’ waiting cost
will be generated when ridership demand exceeds the supply of bus services. Moreover, bus ridership demand varies
by station location and traffic situation. To address this concern, we propose a headway control algorithm for
minimizing the waiting time cost by using Smart Card data. We also provide proof of the convergence of the algorithm
to the desired headway allocation using a set of preconditions of political waiting time guarantees and available fleet
constraints. For model verification, the data from the No. 143 bus line in Seoul were used. The results show that the
total savings in cost totaled approximately 600,000 won per day when we apply the time-value cost of waiting time.
Thus, we can expect that cost savings will be more pronounced when the algorithm is applied to larger systems.

Keywords : Bus headway, Passenger waiting time, Value of time, Smart Card data, Algorithm
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Smart card

Card ID
Transaction ID

Passenger Count —

Passenger Class Passenger

Division Scheme Division Scheme Riding Distance %nformaton
1 Smartcard ID 9  |Run Departure time Riding Time |
Route Boarding Station ) go,ring
2 Transaction 1D 10 Ride Time Route-Station [ Boem [ | sosdingTime %""“”m“""
- - - e [ Rowename [ gorgingrare |
3 Transportation ID| 11 Ride Station ID satonn Alight Station —|
. . Station Order Station Alight Time -A‘;gm ti
4 Transfer Count 12 Alight Time o o | information
R R Station Name K] .
5 Route ID 13 Alight Station 1D station Order VehicleD  —
sosition Departure Time Vehicle,
6 Operation 1D 14 Passenger Count Route ID Roue
Route BizID  —
7 Vehicle ID 15 Ride Fare
8 User ID 16 Alight Fare Figure 1. Conceptual Model of Smart Card Database
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Smart Card Data Correction ‘

¥

Algerithm for Minimizing the Waiting Time Cost

| 1. Real-time Data Acquisition for Bus Arrival Time and Ridership |

| 2. Estimation of Passenger Arrival Time

| 3. Calculation of Waiting Time Distribution |

| 4. Balancing Headway Intervals to Minimize Waiting Time Cost

Figure 2. Algorithm for Minimizing the Waiting Time
Cost
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Table 2. Ridership Per Hour (Line No. 143)

Time 0 1 4 5 6 7 8 9 10 11 12
Ridership 179 7 182 319 668 2461 2458 1740 1128 1174 1220
Time 13 14 15 16 17 18 19 20 21 22 23
Ridership 1362 1373 1733 2266 2238 2445 2121 1479 1467 1441 564
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Figure 6. Station Ridership Per Hour (Line No. 143)
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Table 3. Hourly number of bus and waiting cost(Line No. 143)

Number of buses Waiting cost Maximum occupants
Time Period Current system Ols);lsrg:d Current system O[S)}tllsrg;ed Current system O}:}t}lsrg:d
03:00-04:00 1 1 671.4 567.1 20 20
04:00-05:00 10 9 907.3 871 15 15
05:00-06:00 13 14 22,706.9 20,242.6 26 27
06:00-07:00 16 18 31,825.6 28,199.9 34 33
07:00-08:00 14 12 45,525.5 42,490.4 41 36
08:00-09:00 13 13 225,057.2 192,495.8 36 33
09:00-10:00 10 204,603.7 179,652 35 33
10:00-11:00 9 114,863 95,719.1 35 32
11:00-12:00 10 10 158,877.7 157,948.6 34 36
12:00-13:00 11 11 207,787 201,749.6 36 36
13:00-14:00 11 12 239,465.7 209,337.7 41 40
14:00-15:00 13 12 200,287 179,053.2 51 46
15:00-16:00 12 12 157,599.7 126,804.4 47 38
16:00-17:00 11 11 172,482.3 153,480 41 43
17:00-18:00 10 10 223,297 218,739.9 51 42
18:00-19:00 10 10 181,795.6 167,811.3 39 35
19:00-20:00 10 10 195,461.4 173,064.8 35 37
20:00-21:00 8 9 214,364.3 184,941.8 34 33
21:00-22:00 9 8 105,349.6 86,251.1 25 26
22:00-23:00 1 1 230,038.5 195,258.1 13 13
23:00-24:00 0 0 366,000.1 176,222.3 0
24:00-01:00 0 0 223,424.5 112,895
01:00-02:00 0 0 43,612.8 27,700.9
Total 201 201 3566003.8 2,931,496.6 - -
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