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Analysis of Bus Passengers’ Travel Patterns and Bus Route Adjustment Using
Smart Card Data: A Case Study of Macao
Student: Che-Shen Liu Advisor: Ka lo Wong
Department of Transportation and Logistics Management

College of Management

National Yang Ming Chiao Tung University

Abstract

Passengers’ travel characteristics can provide the passengers' travel patterns. The
travel patterns can be used as bus schedules adjustments, route adjustments, network
design, thereby improving the service level of public transportation. Therefore, how to
analyze passengers’ travel characteristics become an issue.

With the advancement of science and technology, many technologies are widely
used in mass transit systems, including global positioning systems, radio frequency
identification systems, and smart card systems. By these technologies can reduce the
cost of data acquisition. The smart card transaction data records passenger travel-related
information. With this information, it is possible to observe the passenger's travel
characteristics.

Macau is famous as a tourism city, and public transportation has an important role
in the transportation system. The smart card data contains the information of when
passengers get on the bus and get on at which bus stop, but there is no information on
when and where passengers get off the bus. In addition, there is a high density of bus
stop signs and routes in Macau. However, due to high Macau household income, many
residents prefer private vehicles. High density and residents' mode choice lead to low
efficiency of bus routes. In addition, there is a lack of bus drivers in Macau. Optimizing
allocation of human resources becomes an issue, and route adjustment is one of the
solutions. However, the hasty decision of route adjustment will lead to popular
discontent. Macau’s bus is the most important public transportation system in Macau.
It is necessary to be more cautious in route adjustment problems. This study also
investigates passenger load factors and the regularity of passengers taking buses and
particular bus lines. We propose considering the importance of passengers’ dependence
on the route for the suggestions of route candidates for further adjustment. The findings
will help the government to modify policies and reduce the problem of understaffed.

Keywords: Macau buses, Smart card data, Hybrid hierarchical-K-means
clustering method, Pattern clustering, Bus route adjustment
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1 975.22 1.04 2.67 18:00
2 608.90 0.64 2.21 17:45
3 1351.42 1.54 2.9 19:00
4 232.46 0.62 2.53 18:10
5 916.03 1.02 2.56 19:20
7 953.52 0.95 2.33 17:35
8 729.98 0.56 2.29 17:50
9 287.95 0.27 2.54 19:25
10 901.11 1.19 2.63 18:55
11 444.90 0.50 2.1 17:50
12 712.43 0.66 2.34 17:50
15 86.77 0.20 1.9 13:00
16 615.37 0.83 2.35 19:00
17 731.38 1.20 2.98 19:20
18 220.18 0.16 2.62 18:55
19 412.11 0.54 2.57 17:45
22 919.33 0.72 2.22 17:54
23 471.24 0.64 2.21 17:00
25 1071.90 1.04 2.63 19:45
26 379.20 0.28 2.26 17:30
27 281.39 1.32 2.41 18:00
29 172.68 0.06 2.93 11:45
30 644.64 0.87 2.42 18:10
32 744.94 0.73 2.03 18:00
33 1352.53 0.88 2.1 19:00
34 649.05 0.89 2.34 19:00
35 80.81 0.66 2.47 14:45
36 127.37 0.61 2.3 16:50
37 41.76 0.37 2.21 17:00
39 137.56 0.51 1.49 18:00
50 237.48 0.61 1.85 15:30
51 685.60 1.44 1.58 19:20
52 328.44 0.63 1.44 18:00
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55 222.83 0.80 1.22 18:00
56 217.67 0.68 1.81 18:00
59 490.17 1.05 1.26 06:00
71 207.26 0.62 1.65 17:30
72 266.25 1.65 1.9 18:15
73 351.36 1.44 1.86 18:10
101X 250.79 1.44 4.1 00:00
102X 207.83 1.60 4.28 18:00
10A 273.77 0.31 2.15 17:30
10B 408.57 0.80 2.35 19:15
10X 229.33 0.79 2.18 01:30
18A 404.25 0.56 2.39 17:16
18B 463.13 0.35 2.56 15:00
1A 671.50 1.05 1.94 18:10
21A 187.22 0.32 1.65 17:10
25AX 980.00 0.82 2.04 02:00
25B 815.42 0.78 2.84 19:00
26A 943.95 0.66 2.45 18:30
28A 189.00 0.49 2.1 17:40
28B 427.09 0.45 2.18 17:30
28C 273.73 0.84 2.86 18:30
2A 335.17 0.61 2.49 16:55
30X 676.50 1.04 2.04 02:00
3A 569.55 0.97 3.06 19:05
3AX 502.00 1.84 2.14 02:00
3X 479.25 0.57 2.39 16:00
50B 112.79 0.75 1.76 14:00
51A 618.06 1.40 1.96 18:00
S5AX 304.40 0.09 3.87 02:30
5X 206.67 0.79 2.2 04:30
6A 380.94 0.52 2.65 17:20
6B 62.78 0.34 3.03 17:15
8A 344.82 0.20 2.85 17:00
9A 425.87 0.43 2.65 19:25
AP1 587.12 1.31 2.83 19:20
AP1X 967.75 1.49 1.89 04:00
H1 56.23 0.19 3.13 13:00
H2 18.30 0.75 4.25 13:30
H3 71.60 1.10 2.05 15:10
MT1 190.94 0.55 2.49 17:00
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MT2 136.95 0.55 2.46 14:45
MT3 362.96 0.85 1.85 13:32
MT4 1159.62 1.49 2.13 18:15
MTS 185.78 0.79 2.17 09:00
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