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Abstract

:

Bangkok, the capital city of Thailand, is one of the most developed and expansive cities. Due to the ongoing development and expansion of Bangkok, urbanization has continued to expand into adjacent provinces, creating the Bangkok Metropolitan Region (BMR). Continuous monitoring of human mobility in BMR aids in public transport planning and design, and efficient performance assessment. The purpose of this study is to design and develop a process to derive human mobility patterns from the real movement of people who use both fixed-route and non-fixed-route public transport modes, including taxis, vans, and electric rail. Taxi GPS open data were collected by the Intelligent Traffic Information Center Foundation (iTIC) from all GPS-equipped taxis of one operator in BMR. GPS probe data of all operating GPS-equipped vans were collected by the Ministry of Transport’s Department of Land Transport for daily speed and driving behavior monitoring. Finally, the ridership data of all electric rail lines were collected from smartcards by the Automated Fare Collection (AFC). None of the previous works on human mobility extraction from multi-sourced big data have used van data; therefore, it is a challenge to use this data with other sources in the study of human mobility. Each public transport mode has traveling characteristics unique to its passengers and, therefore, specific analytical tools. Firstly, the taxi trip extraction process was developed using Hadoop Hive to process a large quantity of data spanning a one-month period to derive the origin and destination (OD) of each trip. Secondly, for van data, a Java program was used to construct the ODs of van trips. Thirdly, another Java program was used to create the ODs of the electric rail lines. All OD locations of these three modes were aggregated into transportation analysis zones (TAZ). The major taxi trip destinations were found to be international airports and provincial bus terminals. The significant trip destinations of vans were provincial bus terminals in Bangkok, electric rail stations, and the industrial estates in other provinces of BMR. In contrast, electric rail destinations were electric rail line interchange stations, the central business district (CBD), and commercial office areas. Therefore, these significant destinations of taxis and vans should be considered in electric rail planning to reduce the air pollution from gasoline vehicles (taxis and vans). Using the designed procedures, the up-to-date dataset of public transport can be processed to derive a time series of human mobility as an input into continuous and sustainable public transport planning and performance assessment. Based on the results of the study, the procedures can benefit other cities in Thailand and other countries.
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1. Introduction


The Bangkok Metropolitan Region (BMR) consists of eight provinces: Bangkok, Samut Prakan, Nonthaburi, Pathum Thani, Nakhon Pathom, Samut Sakhon, Ayutthaya, and Chachoengsao. For some time, urbanization has expanded outside of central Bangkok to the outer zones of BMR. Although modern and wealthy work areas are still located in the central business district (CBD), residential zones have recently expanded into the suburban area of Bangkok and surrounding provinces. Understanding the human mobility patterns between areas helps planners to design efficient and appropriate public transport for people commuting among BMR areas.



Human mobility is the movement of people from one location to others based on their needs. The study of human mobility patterns can reflect the urban structure, the distribution of facilities, and the required transport services [1]. It can also be applied to monitoring disease spread, social behavior, socio-economic outcomes, and economic growth [2]. The common form of human mobility is the origin–destination matrix, or OD matrix for short, which indicates the travel demand between places. Traditionally, the OD matrix is generated from surveys, such as household travel surveys and roadside interviews. These kinds of surveys are extremely expensive to regularly update [3]. Moreover, it is impossible to obtain travel demand or human mobility data for immediate use. These problems are worsening in developing countries, in which land use has rapidly and continuously changed [4]. Due to the plans of the Thai government to extend the existing electric rail lines and construct new lines to cover the residential and business areas of BMR [5], continuous monitoring of human mobility patterns, including movements of real people, is crucial for both public transport planning and performance evaluation. Using time series of human mobility data, the impact of newly constructed or extended public transport routes can be effectively evaluated, and planners can use the data in the planning process to ensure the quality of life of Bangkok residents.



Due to ubiquitous mobile computing and big data, new data sources, such as GPS probe and electric rail smartcard data, are available. In Thailand, GPS probe data recently became available for public transport modes, including taxis and vans, due to the regulation of the Ministry of Transport’s Department of Land Transport (DLT). Typically, the taxi mode is a good choice for non-fixed route transport in the Bangkok area because it is a flexible and comfortable door-to-door service. Furthermore, Thailand has the third cheapest taxi fares in the world according to the taxi fare statistics of www.taxi-calculator.com (accessed on 19 December 2020). An eight-kilometer taxi ride in Thailand costs USD 2.47 [6]. Generally, van routes complement the unavailability of bus services, and vans provide a commuter service from a defined origin to a defined destination without stopping. Therefore, vans save travelling time and are more popular than fixed-route buses. Unfortunately, the bus GPS probe data is not available because the bus tracking system was recently established, and the Bangkok Mass Transit Authority (BMTA) did not implement an open data policy at the time of this study. In addition to public transport GPS probe data, the entry and exit records of electric rail for each smartcard are stored by Automated Fare Collection (AFC). There are three electric rail operators in Thailand, namely, Bangkok Mass Transit System (BTS), Mass Rapid Transit (MRT), and Airport Rail Link (ARL). These systems are connected at specific interchange stations to serve residents of Bangkok and surrounding provinces.



The big data of GPS probes is naturally subject to errors and outliers. Preprocessing of GPS probe big data was introduced in recent studies to eliminate these outliers and errors [7,8,9]. The OD trips were generated from taxi GPS probes based on the occupancy status to reveal human mobility from taxi trajectories [7,10,11]. Smartcards have also been used to derive the OD trips of human mobility. AFC has been globally utilized in public transport modes, such as electric rail, and is highly useful for recording the origin location and destination location of an individual. By determining the trajectory of each smartcard, human mobility has been revealed in numerous studies [12,13,14,15]. Moreover, previous studies have combined multiple sources of data to investigate human mobility, such as using taxi GPS probes and electric rail smartcards [16]; using taxi GPS probes, call detail records (CDRs), and smartcard subway data [17]; using smartcards with a household travel survey [18]; using taxi GPS probes, subway transactions, and bus transactions [19]; and using taxi GPS probes, transit smartcards, and a resident travel survey [20].



To the best of our knowledge, many previous studies have examined taxis, buses, and subways to investigate human mobility based on public transport big data; however, no study has used van data in conjunction with data of other transport modes. The characteristics of van trips are different from those of taxis and buses. Buses typically operate according to a routine with a specific interval. However, van trips begin when the number of passengers reaches the van’s capacity. It is a challenge to determine human mobility from the combination of van data and other sources. This study aims to design and develop a process of deriving human mobility patterns of the rapidly growing BMR using the available sources of public transport data for taxis, vans, and electric rail. The goal was to continuously monitor the change in public transport human mobility for public transport planning and assessment.



The contributions of this paper are as follows:




	
An empirical technique for trip extraction of multi-level data sources, including taxis, vans, and electric rails.



	
Determination of the travel demands and characteristics of each public transport mode during morning and evening peak hours.



	
Determination of the human mobility patterns of each mode between Bangkok CBD and other BMR zones during morning and evening peak hours.



	
This study can be replicated for processing of future up-to-date data sources to continuously monitor the changes in human mobility for public transport planning and evaluation.









2. Method and Data


2.1. Case Study


Bangkok is the capital city of Thailand, with an area of 157 km2. In 2018, according to the statistics data of the Bangkok Metropolitan Administration, Bangkok had a population of about 5.7 million people and 3 million residential buildings, and the wider BMR had a population of about 10.9 million inhabitants [21]. Figure 1 illustrates the land use of Bangkok in 2015. The inner or center area of Bangkok consists of the commercial area and CBD (red), government and state enterprise offices (blue), and residential area (yellow), whereas the western and eastern areas are mostly residential and agricultural (green). Figure 2 shows the public transport in BMR, including airports, provincial bus terminals, electric rail lines, and interchange stations. There were five electric rail lines in 2018, namely, the ARL line (in dark red), two lines of MRT (in purple and blue), and two lines of BTS (in dark and light green). There were eight ARL stations, 34 MRT stations, and 36 BTS stations. In addition to these public transport modes, other modes include city buses, vans, taxis, and motorcycle taxis.



The government provides public transport for traveling inside Bangkok and between BMR provinces. Bangkok public transport can be categorized into two types, which are fixed-route and non-fixed-route transports. Fixed-route transport modes are electric rail, public vans, and buses. The route of each mode has been designed by the operators. Electric rail operates in the city and among the three provinces in BMR. Van routes serve the need of traveling between provinces or from the suburb to city areas. Popular non-fixed route transport modes are taxis and motorcycle taxis, which provide door-to-door services. Travelling by taxi is the choice for long-distance travel in the city. Motorcycle taxis are more popular for short-distance travel, such as from the main road to the end of the alley.



According to the 2017 Extended Bangkok Urban Model of the Ministry of Transport’s Office of Transport and Traffic Policy and Planning (OTP), the estimated number of public transport travel trips per day in BMR is 7.96 million [22]. Trips via taxi and motorcycle taxi, electric rail, and van represent 32% of all public transport trips, as shown in Figure 3.




2.2. Transport Data


Table 1 describes the data sources available for this study. Due to the availability of van GPS probes from the Ministry of Transport’s Department of Land Transport, seven days of data, from August 27 to September 2, 2018, were used in the study. In contrast, the taxi GPS probe and electric rail data were available for entire month of February 2018.



2.2.1. Taxi GPS Probe


The Intelligent Traffic Information Center Foundation (iTIC) collects GPS probe data from many sources, including trucks, buses, and taxis. This GPS probe dataset is provided as open data by the iTIC. Regarding taxis, iTIC gathered GPS probe data from all taxis of one taxi operator. The taxi service area of this operator covers all of the BMR area, as shown in Figure 4. The taxi GPS data are regularly collected each 1 min if the car key status is active. Otherwise, the data are collected every 3 min. This collection produces the big data of the taxi GPS probe. The raw data of taxi GPS probes is stored in the comma separated value (CSV) format, as shown in Table 2. The data of taxis equipped with a GPS are collected based on one day per CSV file, starting from midnight and going to the following midnight. In this paper, the taxi GPS probe data of February 2018 was used for designing, developing, and testing the processes. A total of 96,240,215 records from 5646 vehicles were recorded in the CSV files for the month of February 2018.




2.2.2. Van GPS Probe


The GPS center of the Department of Land Transport collects GPS probe data from all operating GPS-equipped vans to monitor the vehicle speed and driving behavior. The van GPS probe data in CSV format contains the timestamp, unique ID of the vehicle, latitude, longitude, speed, and type, as shown in Figure 5 and Table 3. Only seven days of GPS data can be kept in the system. The data used in this study were collected from 27 August to 2 September 2018. The total number of van GPS probe records was 15,650,249 from 12,476 vehicles.




2.2.3. Electric Rail Data


In addition to the road mode of transportation, electric rail ridership data in BMR, namely that of ARL (Airport Rail Link), BTS (Bangkok mass Transit System), and MRT (Mass Rapid Transit), are collected from smartcards by the Automated Fare Collection (AFC) system. However, the electric rail operators release only the aggregated ridership on an hourly basis in the form of OD matrix Excel files. Figure 6 illustrates a sample of the aggregated number of passengers of each OD station pair of ARL on 1 February 2018 from 7 a.m. to 8 a.m.





2.3. Transportation Analysis Zones (TAZ)


In transportation planning models, the study area is typically divided into smaller units called transportation analysis zones (TAZs). The data for transportation planning analysis, such as that collected by OD survey, is based on these TAZs. In Thailand, the Office of Transport and Traffic Policy and Planning (OTP), which is part of the Ministry of Transport, is responsible for transportation planning for BMR and the whole country. The official 2018 TAZs cover eight provinces, namely, Bangkok, Samut Prakan, Nonthaburi, Pathum Thani, Nakhon Pathom, Samut Sakhon, Ayutthaya, and Chachoengsao. These eight provinces are divided into 1867 TAZs, as shown in Figure 7a. In this study, raw data was collected and aggregated into these TAZs and the coarser level of 10 BMR zones, as shown in Figure 7b: (1) Inner Bangkok, (2) East Bangkok, and (3) West Bangkok, (4) Nonthaburi, (5) Pathum Thani, (6) Samut Prakan, (7) Samut Sakhon, (8) Chachoengsao, (9) Nakhon Pathom, and (10) Ayutthaya.




2.4. Trip Data Extraction


The overall trip extraction process is illustrated in Figure 8. The processes used were: (1) loading raw data, (2) extracting each OD of the trip, (3) aggregating the OD locations to TAZs and 10 BMR areas, (4) deriving the average morning and evening trips, and (5) calculating the trip distance and travel time. However, the derivation of the OD trips of these three data sets was not identical because of the nature and characteristics of each mode.



2.4.1. Taxi Trips


The procedures for taxi GPS probe data processing were based on the Hadoop platform, as shown in Figure 9. The process began with loading GPS probe data into Hadoop Hive. Typically, GPS probe data contains outliers or errors from the GPS signal or equipment errors. Vehicles with only one vacant status record were eliminated because a valid taxi typically has both an occupied and a vacant status. Then, records with zero values of coordinates, insufficient GPS signal, and inactive car key status were filtered out. In addition to errors, duplicate records were also removed to compact the data set. Finally, the OD matrix was derived from the taxi trips using the unique vehicle ID and vacant status.



To create the taxi GPS probe trips, the records must be arranged by date, unique vehicle ID, and time in ascending order. The taxi trips can be identified from the vacant light status. The status of “0” means that the light is off, and the taxi is occupied. The status of “1” means that the light is on and there is no passenger. The output is the taxi OD table. Each record indicates a taxi trip from an origin TAZ (o_taz) to a destination TAZ (d_taz), with the pick-up location and time, and drop-off location and time. The occupied and vacant trips are indicated by the vacant light status. The sample of a taxi OD in Table 4 illustrates an occupied trip which started at 13:28:21 (light status is off) on 2nd February 2018 and ended at 13:39:21 (light status is on). The total number of taxi trips was 2,221,049, comprising 1,105,408 occupied trips and 1,115,641 vacant trips. The number of vehicles was 3223.




2.4.2. Van Trips


All van GPS probe data CSV files were imported into a PostgreSQL database. Unlike taxi GPS probe data, there is no occupied or vacant status in the van GPS probe data file. All vans must wait for the passengers at the defined van queues. Then, vans carry the passengers to the defined destination van queue. Thus, the main characteristics of van trips are: (1) staying at the van queue location for more than 10 min, (2) traveling more than 10 km, (3) having more than 20 GPS points, and (4) traveling more than 20 min. Based on these characteristics, vehicles with fewer than 21 records were filtered out. Then, van OD trips of each vehicle were constructed using a Java program based on the main characteristics of van trips. Finally, outlier trips, such as over speed, and long drive time or distance, were removed. The process of van trip construction is illustrated in Figure 10.



Figure 11 illustrates a sample of a van trip based on the above process. The van stay queue location or origin, trip, and destination can be identified using this process.



Van trips are calculated based on the above procedures. The origin and destination attributes, such as time and TAZ, are derived with the trip information, including drive time in minutes and trip distance in kilometers. Table 5 represents the OD table of the sample OD information in Figure 11. The origin is in Nonthaburi (TAZ 1278) and the destination is in the inner Bangkok area (TAZ 56). The total number of van trips from 27 August 2018 to 2 September 2018 was 48,468. The number of vehicles was 6553.




2.4.3. Electric Rail (ARL, BTS, and MRT) Trips


The process for electric rail AFC data is shown in Figure 12. Using a Java program, the Excel ridership files of ARL, BTS, and MRT were transformed into a table in a relational database management system based on the pattern of the OD data, as shown in Table 6. The OD pair unique numbers were defined using each OD station pair in each system. All electric rail stations are spatially joined with TAZs. The Java program transformed the passengers’ OD matrix into the OD table of each electric rail. Then, the consolidated output OD table of all electric rail types (ARL, BTS, and MRT) were derived, as shown in Table 7.






3. Results


First, the results of each public transport mode were aggregated into 1867 TAZs to obtain the human mobility OD trips based on the BMR TAZs. When plotting all TAZ-based OD pairs of taxi and van trips, and electric rail passengers, the movements of people in BMR can be visualized, as shown in Figure 13. The longer-distance trips of vans, in cyan, indicate that van mode supports people commuting from the surrounding provinces and suburban areas of Bangkok to the CBD. In contrast, taxi trips are shorter and denser in Bangkok and adjacent areas. The patterns of passengers of electric rail are clearly dense for BTS and MRT, but not for ARL.



Second, the 1867 TAZs were aggregated into 10 BMR zones to reveal human mobility at the level of 10 BMR zones, namely, (1) Inner Bangkok (BKK-Inner), (2) East Bangkok (BKK-East), (3) West Bangkok (BKK-West), (4) Nonthaburi (NBR), (5) Pathum Thani (PTN), (6) Samut Prakan (SPK), (7) Samut Sakhon (SSK), (8) Chachoengsao (CCS), (9) Nakhon Pathom (NPT), and (10) Ayutthaya (AYY).



The characteristics and ODs of all modes are described in the following subsections.



3.1. Taxi Trip Characteristics and ODs


The total number of output taxi vehicles was 3223, which accounted for 4.1% of the 77,995 accumulative registered taxis in Bangkok. The taxi trip summary of February 2018 is presented in Table 8. Of the total taxi trips, 49.77% were occupied and 50.23% were vacant. The trip ratios between weekday and weekend for occupied and vacant trips were similar. The trip ratios of the morning peak period, evening peak period, and other periods were similar for all categories. Table 8 shows the average number of occupied taxi trips during each period of the weekday. In Figure 14, the demand for taxi service declines after 1 a.m., dramatically rises around 6 a.m., and then declines after 9 p.m. This implies that most passengers demand taxi services from daytime to late evening.



Each trip distance was calculated and accumulated into the trip distance distribution of the morning peak period and evening peak period. The result reveals that approximately 58% of both morning (6–10 a.m.) and evening (4–8 p.m.) OD trips were of a distance of 1–10 km, as shown in Figure 15.



Figure 16 represents significant OD locations of both taxi morning and evening trips. For morning trips, the highest origin locations were Don Mueang International Airport, Suvarnabhumi International Airport, northern and north-eastern bus terminal, Mega Bangna department store area, and hospital and government office areas. The significant destination locations in the morning were also the two international airports, northern and north-eastern bus terminal, Mega Bangna department store area, and hospitals and government offices. In the evening period, the highest similar OD locations were the two international airports, northern and north-eastern bus terminal, and Mega Bangna department store area. Though not as popular as the prior mentioned destinations, the southern bus terminal in west Bangkok also has remarkable high traffic in the evening. This implies that taxis are commonly used for reaching other public transport modes.



Then, the occupied taxi trips were aggregated into 10 BMR zones using the TAZs. OD maps and OD matrices shown in Figure 17 illustrate the average number of inter-BMR-zones taxi trips for morning and evening periods. The greater the volume of occupied taxi trips, the larger the plotted link. For the OD matrix, higher volumes of occupied taxi trips are shown in red. Insignificant inter-BMR-zone trips, of less than five trips, are displayed in a dark gray color. Light gray cells indicate that there were no trips between these 10 BMR OD pairs. In the case of morning trips, the top three highest trips were from Samut Prakan to eastern Bangkok, from Bangkok CBD to eastern Bangkok, and from eastern Bangkok to Samut Prakan. By comparison, traveling from Samut Prakan to eastern Bangkok, western Bangkok to Bangkok CBD, and eastern Bangkok to Samut Prakan were the top three evening taxi inter-BMR-zone trips. Traveling from Samut Prakan to eastern Bangkok was the most frequent taxi trip for both the morning and evening periods.




3.2. Van Trip Characteristics and ODs


According to the statistics of the Department of Land Transport, in September 2018 the number of vans for the routes related to Bangkok was 10,485 vehicles. The output contained 6553 vehicles, accounting for 62% of all registered vans. The total number of van trips from August 27, 2018, to September 2, 2018, was 48,468. Weekday trips represented 66.72% and weekend trips represented 33.28%. The ratios of morning peak, evening peak, and other periods are listed in Table 9. During the weekday, the average number of trips per hour, derived as shown in Figure 18, shows that there were high volumes of van trips from 6 a.m. to 10 a.m. and 4 p.m. to 8 p.m. These two periods correspond to travel to the workplace in the morning and travel after working hours.



The trip length distribution of the morning and evening van trips was created from the result of van OD trip generation, as shown in Figure 19. The distance of the van OD trips indicates that around 70% of trips were of a distance of 10–40 km in both the morning and evening periods. The inter-BMR-zone van trips had a greater distribution among the 10 BMR zones than those of taxis.



The maps of origin and destination TAZs of morning and evening van trips, as shown in Figure 20, reveal that there were many van trips from and to the surrounding provinces, such as Pathum Thani, Ayutthaya, Chachoengsao, Nonthaburi, Nakhon Pathom, and Samut Sakhon. The significant origins and destinations for both morning and evening periods in Bangkok were the northern and north-eastern bus terminal, southern bus terminal, victory monument public van hubs, and BTS and MRT interchange stations. In the case of Pathum Thani and Nonthaburi, the origins and destinations were the big van hubs in the Future Park Rangsit department store and the Mall Ngamwongwan department store. It is interesting that Rojana industrial estate in Ayutthaya and Wellgrow industrial estate in Chachoengsao were significant origins and destinations for van passengers.



At the 10-BMR-zone level, the top three inter-OD BMR zones accounted for about 30% of the inter-province zone van trips, as shown in the OD maps and OD matrices of Figure 21. The top three morning inter-BMR-zone ODs were (1) from Pathum Thani to eastern Bangkok, (2) from Nonthaburi to eastern Bangkok, and (3) from Nonthaburi to Bangkok CBD. For the evening van trips, by comparison, the top three OD pairs were (1) from Bangkok CBD to Nonthaburi, (2) from eastern Bangkok to Pathum Thani, and (3) from Pathum Thani to eastern Bangkok.




3.3. Electric Rail Trip Characteristics and ODs


The number of passengers of the electric rail services (ARL, MRT, and BTS) were consolidated by hour to illustrate the peak periods. Figure 22 illustrates the high number of passengers in the morning and evening peak periods.



Integrating ARL, MRT, and BTS data shows that about 70% of OD trips were less than 10 km for both morning and evening trips, as shown in Figure 23. However, the 0–5 km trips account for approximately 40% of all trips.



The output of the processing, as shown in Figure 24, shows that the significant origins and destinations for electric rail were the interchange stations between these five lines, especially those between BTS and MRT in the inner and northern part of Bangkok. In addition to the interchanges, the inner CBD with dense workplaces, such as Silom-Sathorn and Ploenchit areas, were significant origins and destinations. Although ARL provides the linkage to Suvarnabhumi International Airport, the outcome reveals that fewer passengers use the electric rail commuter to the airport compared to the interchanges or the CBD area. It is clear, moreover, that electric rail lines to and from western Bangkok and Samut Prakan carry a significantly larger number of passengers than to and from Nonthaburi.



From the aggregation of TAZs into 10 BMR zones, the two highest counts of electric rail passenger ODs were the trips between eastern Bangkok and Bangkok CBD for both morning and evening trips. For the inter-BMR-zone trips, the two significant ODs with the highest volume were for travel between Bangkok CBD and eastern Bangkok. In the morning period, around 80,000 people traveled from eastern Bangkok to Bangkok CBD. On the contrary, only around 40,000 people traveled from Bangkok CBD to the east. After working hours, around 90,000 people traveled back from Bangkok CBD to eastern Bangkok. It is clear that the area of western Bangkok is smaller than that of the east and there is only one electric rail station in the west. Hence, the number of passengers traveling from the west to the Bangkok CBD is significantly fewer than the number traveling from the east. The extended electric rail line was constructed to carry more passengers from the west and other zones. The OD patterns are illustrated in the OD maps and OD matrices shown in Figure 25. The service area of electric rail covers only five BMR zones, as shown in the OD matrices.




3.4. Human Mobility Patterns: The Human Movement between Bangkok CBD and Other BMR Zones


The next step was to focus on the human movement of each mode between Bangkok CBD and other BMR zones. Only records that had Bangkok CBD as the origin or destination were processed and visualized using chord diagrams. Each chord diagram is divided into two parts. The bottom part contains the origin BMR zones, and the upper part shows the destination zones. The border of each zone is annotated with the number of trips (taxis and vans) or number of passengers (electric rail). The links imply the human movement from origin to destination zones. The highest volume link is on the left and the lowest is on the right of the zone. The arrows show the direction of movement for the significant ODs. The Bangkok CBD zone or inner Bangkok is in green.



3.4.1. Taxi Human Mobility Patterns


In the morning peak period, a large number of people moved from Bangkok CBD to eastern Bangkok, western Bangkok, Nonthaburi, Samut Prakan, and other BMR zones, as shown in Figure 26. In addition, the significant trips were from residential areas of eastern and western Bangkok to Bangkok CBD. Comparing the number of inbound and outbound trips, the number of outbound trips was more than the number of inbound trips. For the evening peak period, the chord diagram illustrates the opposite relationship to that of the morning peak period. The significant inbound trips to Bangkok CBD were from western Bangkok, eastern Bangkok, and Nonthaburi, whereas the significant outbound trips from Bangkok CBD were to the residential areas of eastern and western Bangkok.




3.4.2. Van Human Mobility Patterns


Unlike taxi human mobility patterns, in the morning, the number of van inbound trips to Bangkok CBD was higher than the number of outbound trips, as shown in Figure 27. The significant inbound trips were from residential areas of eastern Bangkok, Nonthaburi, western Bangkok, Nakhon Pathom, and Pathum Thani. It is clear that vans are a popular transportation mode for people in the residential area of Nonthaburi. The outbound links reveal that the significant movements were from Bangkok CBD to eastern Bangkok, the government center in Nonthaburi, Nakhon Pathom, and the transport hub in Pathum Thani. For the evening period, the significant outbound destinations were the residential areas in Nonthaburi, eastern Bangkok, western Bangkok, Nakhon Pathom, Pathum Thani, and Samut Sakhon. These morning and evening patterns imply that there is the significant travel demand between the residential areas of both Nonthaburi and eastern Bangkok to Bangkok CBD.




3.4.3. Electric Rail Human Mobility Patterns


Figure 28 illustrates the human mobility of the electric rail mode. Although electric rail was extended to the residential areas in western Bangkok, Nonthaburi, and Samut Prakan, the biggest movement of humans in the morning is from the residential area of eastern Bangkok to Bangkok CBD. In contrast, the most significant outbound movement from Bangkok CBD is to the commercial area of eastern Bangkok. For the evening movement, travel of electric rail passengers showed the opposite relationship to that of the morning. A large number of outbound passengers travel from Bangkok CBD to eastern Bangkok, and vice versa for inbound passengers.






4. Discussion and Conclusions


Recent studies on human mobility have used multi-source datasets to avoid single-source data bias, and have fused them for better understanding of human mobility [17,19,20]. In this research, we proposed a process of deriving human mobility from the raw data of both non-fixed-route and fixed-route public transport modes. Fixed-route public transport includes vans and electric rail, and taxis operate on non-fixed routes. These three public transport modes have different characteristics and users. The processing steps for each mode were designed differently due to characteristics of the data. The vacant status light of taxis was used to derive OD locations of taxi trips, whereas OD locations of van trips were derived from the stay time, movement duration, and distance. By comparison, the electric rail OD locations were the station locations. The outcome of each mode was the OD matrix. The OD locations were aggregated to TAZ polygons using the spatial relationship between TAZs and their OD locations.



We then focused on the inbound and outbound human mobility between Bangkok CBD and other BMR zones by aggregating TAZ origins and destinations to the BMR level. The inbound movements to Bangkok CBD, in the morning, were mainly from the residential eastern Bangkok area for all three modes. Moreover, taxis and vans also undertook a large number of trips from western Bangkok and Nonthaburi. In contrast, the significant outbound movements from Bangkok CBD were to eastern Bangkok. In addition, western Bangkok and Nonthaburi were also the destinations of taxi and van trips. During the evening period, people traveled to return to their origins. Electric rail carried a high volume of passengers from adjacent zones, particularly the eastern residential area, into Bangkok CBD.



The methodology and techniques of this study can be used to process, transform, and extract human mobility data from multiple sources of public transport big data, which are difficult to understand and access. The data sources in this study were recently collected by government and private organizations, and are highly useful for human mobility analysis. Although data of only three modes (taxi, van, and electric rail) are available in a certain period, the human mobility results are practical and useful for understanding the public transport situation resulting from the integration of these three modes. To enhance the accuracy of BMR human mobility, the completion and availability of data sources is crucial. Currently, the taxi GPS probe open data is regularly collected from one BMR taxi operator, which accounts for about 4% of all registered taxis. If more taxi operators join the open policy, more accurate human mobility can be derived. In the case of van data, at present the Department of Land Transport does not openly provide public access to the van GPS probe data. Therefore, the van data acquisition plan is important to ensure the identical time window to other data sources is used. For electric rail, the available data is the aggregated hourly basis ridership of each OD pair. However, the interchange between electric rail lines cannot be derived because each operator has its own proprietary smartcard system. The Ministry of Transport has a plan to introduce a common ticketing system for all electric rail lines in the future. With this system, the real electric rail ODs can be derived from all electric rail lines. Bus data are commonly used in public transport human mobility research [17,18,19]. Unfortunately, bus data was not available during the current study. Once the data is open and available, the process of human mobility extraction can be designed and added into the procedures. With four public transport modes, BMR human mobility can be assessed more accurately, and be useful for further public transport planning, design, and assessment.



One of the most important issues relating to public transport is the accessibility of the service. Using the study results, inaccessibility to high-demand areas by public mass transit can be identified. The results reveal that the electric rail service does not cover some significant or high-demand origins and destinations. For instance, many taxi trips are taken to and from Suvarnabhumi International Airport, even though ARL operates an electric rail station at the airport. Moreover, the electric rail service is not available at Don Mueang International Airport, which is the most frequent taxi trip origin and destination. Figure 29 illustrates the inaccessibility of the electric rail station service areas and the high-demand areas of taxi and van evening destinations. Due to the lack of electric rail lines to these high-demand origins and destinations, the passengers must use gasoline vehicles, such as taxis. One of the missions in the strategic plan of the Ministry of Transport is to promote electric rail over gasoline vehicles to reduce environmental impact, such as carbon dioxide and PM2.5 emissions. More than 10 electric rail lines in Bangkok and adjacent areas are to be completed by 2029 [5]. These high-demand origins and destinations must be considered for the future electric rail expansion to serve citizens’ actual needs and environmental sustainability.



Continuous monitoring of human mobility using up-to-date data is essential for sustainable public transport planning and performance assessment that ensures citizens’ quality of life. Using the available multi-source datasets, D. Zhang et al. designed and developed a system architecture for processing the real-time datasets to continuously monitor human mobility [17]. In the current study, up-to-date taxi, van, and electric rail datasets of the real movements of passengers were not available to access. However, human mobility at a certain period can be derived once these datasets are available. Then, a time series of human mobility of public transport in BMR can be regularly created or extracted. More effective assessment of public transport usage and change could be achieved because planners can use the time series data of the real movements of public transport passengers instead of the small sample population from traditional travel surveys.



This research collected the available multi-source datasets of public transport and illustrated the human mobility extraction methodology. These three complementary public transport modes were then fused together to obtain the overall picture of human mobility in BMR. The contributions of this study are as follows:




	
The designed procedure of taxi GPS probe big data in Hadoop Hive was used to extract taxi trips.



	
A process was designed for van trip creation from van GPS probe data.



	
The electric rail AFC data process to derive electric rail trips was developed.



	
The human mobility patterns of each public transport mode were derived based on transportation analysis zones (TAZs), and can be used as the OD matrix for transport planning.



	
The overall picture of human mobility between Bangkok CBD and BMR zones can be produced from the aggregation of the TAZ level.



	
The designed procedure can be applied for the available up-to-date data to extract human mobility. Moreover, this procedure can be applied for other cities in Thailand and other countries.








In future work, the human mobility analysis of the expanding public transport in Bangkok should be regularly analyzed to gain the up-to-date demand or flow of the passengers for a better service. In addition, the public transport service quality should be evaluated in the aspects of frequency, schedules, comfort, safety, personal security, and so on, since evaluating the satisfaction of the public transport service is critical to identify priority areas for future improvements. Moreover, the connectivity or interchangeability among public transport modes (taxi, van, and electric rail) should be studied to reveal their characteristics and relationship. The related detailed tasks include locating multi-modal transport hubs, determining the characteristics of the transport hubs from the surrounding points of interest and populations, and deriving the correlation among fixed and non-fixed public transport modes. These future works would be useful for evaluating service quality, understanding the existing transport hub qualifications, and locating potential future transport hubs.
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Figure 1. The 2015 land use map of Bangkok produced by the City Planning and Urban Development Department, Bangkok Metropolitan Administration (BMA). 
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Figure 2. Bangkok and surrounding provinces with public transport. 
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Figure 3. The public transport ratios in 2017 according to the Office of Transport and Traffic Policy and Planning. 
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Figure 4. The taxi GPS probe data. (a) The raw comma separated value (CSV) data and (b) the distribution of taxi GPS probe. 
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Figure 5. The van GPS probe data. (a) The raw comma separated value (CSV) data and (b) the distribution of van GPS probe. 






Figure 5. The van GPS probe data. (a) The raw comma separated value (CSV) data and (b) the distribution of van GPS probe.



[image: Sustainability 13 02178 g005]







[image: Sustainability 13 02178 g006 550] 





Figure 6. The aggregated number of passengers of each origin–destination (OD) station pair on 1 February 2018, from 7 a.m. to 8 a.m. 
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Figure 7. The Office of Transport and Traffic Policy and Planning (OTP) transportation analysis zones. (a) 1867 transportation analysis zones (TAZs) and (b) TAZs and 10 Bangkok Metropolitan Region (BMR) zones. 
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Figure 8. Overall trip extraction process. 
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Figure 9. Processing of taxi GPS probe OD trips in Hadoop. 
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Figure 10. Processing of van GPS probe data OD trips. 
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Figure 11. Sample of a van OD trip. 
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Figure 12. Electric rail OD trip processing. 
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Figure 13. The visualization of all Transportation Analysis Zone based ODs of taxi, van, and electric rail (Airport Rail Link or ARL, Mass Rapid Transit or MRT, and Bangkok mass Transit System or BTS) trips. (a) Weekday morning OD and (b) Weekday evening OD. 






Figure 13. The visualization of all Transportation Analysis Zone based ODs of taxi, van, and electric rail (Airport Rail Link or ARL, Mass Rapid Transit or MRT, and Bangkok mass Transit System or BTS) trips. (a) Weekday morning OD and (b) Weekday evening OD.



[image: Sustainability 13 02178 g013]







[image: Sustainability 13 02178 g014 550] 





Figure 14. The average occupied weekday taxi trips by hour. 
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Figure 15. Average taxi trip length distribution, weekday morning (a) and evening (b). 
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Figure 16. The number of OD taxi trips by TAZ for morning and evening peak periods: (a) Taxi morning origin; (b) Taxi morning destination; (c) Taxi evening origin and (d) Taxi evening destination. 






Figure 16. The number of OD taxi trips by TAZ for morning and evening peak periods: (a) Taxi morning origin; (b) Taxi morning destination; (c) Taxi evening origin and (d) Taxi evening destination.



[image: Sustainability 13 02178 g016]







[image: Sustainability 13 02178 g017 550] 





Figure 17. The morning and evening taxi inter-OD trips of 10 BMR zones (Inner Bangkok or BKK-Inner, East Bangkok or BKK-East, West Bangkok or BKK-West, Nonthaburi or NBR, Pathum Thani or PTN, Samut Prakan or SPK, Samut Sakhon or SSK, Chachoengsao or CCS, Nakhon Pathom or NPT, and Ayutthaya or AYY): (a) Taxi inter-OD map of weekday morning; (b) Taxi inter-OD map of weekday evening; (c) Taxi inter-OD matrix of weekday morning and (d) Taxi inter-OD matrix of weekday evening. 
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Figure 18. The average van weekday trips per hour. 
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Figure 19. The van average trip length distribution, weekday morning (a) and evening (b). 
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Figure 20. The number of OD van trips by TAZ for morning and evening peak periods: (a) Van morning origin; (b) Van morning destination; (c) Van evening origin and (d) Van evening destination. 
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Figure 21. The morning and evening van inter-OD trips of 10 BMR zones (Inner Bangkok or BKK-Inner, East Bangkok or BKK-East, West Bangkok or BKK-West, Nonthaburi or NBR, Pathum Thani or PTN, Samut Prakan or SPK, Samut Sakhon or SSK, Chachoengsao or CCS, Nakhon Pathom or NPT, and Ayutthaya or AYY): (a) Van inter-OD map of weekday morning; (b) Van inter-OD map of weekday evening; (c) Van OD matrix of weekday morning and (d) Van inter-OD matrix of weekday evening. 
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Figure 22. The number of weekday electric rail passengers by hour. The morning and evening peak periods are shown in the dashed-line blocks. 
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Figure 23. The weekday morning (a) and evening (b) average trip length distribution of all electric rail systems. 
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Figure 24. The number of passengers of the OD electric rail by TAZ for morning and evening peak periods: (a) Electric rail morning origin; (b) Electric rail morning destination; (c) Electric rail evening origin and (d) Electric rail evening destination. 
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Figure 25. The morning and evening electric rail OD passengers of BMR zones (Inner Bangkok or BKK-Inner, East Bangkok or BKK-East, West Bangkok or BKK-West, Nonthaburi or NBR, and Samut Prakan or SPK): (a) Electric rail inter-OD map of weekday morning; (b) Electric rail inter-OD map of weekday evening; (c) Electric rail OD matrix of weekday morning and (d) Electric rail OD matrix of weekday evening. 
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Figure 26. The human movement between inner Bangkok and other BMR zones (Inner Bangkok or BKK-Inner, East Bangkok or BKK-East, West Bangkok or BKK-West, Nonthaburi or NBR, Pathum Thani or PTN, Samut Prakan or SPK, Samut Sakhon or SSK, Chachoengsao or CCS, Nakhon Pathom or NPT, and Ayutthaya or AYY) by taxi: (a) Average taxi trips of weekday morning and (b) Average taxi trips of weekday evening. 
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Figure 27. The human movement between inner Bangkok and other BMR zones (Inner Bangkok or BKK-Inner, East Bangkok or BKK-East, West Bangkok or BKK-West, Nonthaburi or NBR, Pathum Thani or PTN, Samut Prakan or SPK, Samut Sakhon or SSK, Chachoengsao or CCS, Nakhon Pathom or NPT, and Ayutthaya or AYY) by van: (a) Average van trips of weekday morning and (b) Average van trips of weekday evening. 
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Figure 28. The human movement between inner Bangkok and other BMR zones zones (Inner Bangkok or BKK-Inner, East Bangkok or BKK-East, West Bangkok or BKK-West, Nonthaburi or NBR, and Samut Prakan or SPK) by electric rail: (a) Average electric rail passengers on weekday morning and (b) Average electric rail passengers on weekday evening. 






Figure 28. The human movement between inner Bangkok and other BMR zones zones (Inner Bangkok or BKK-Inner, East Bangkok or BKK-East, West Bangkok or BKK-West, Nonthaburi or NBR, and Samut Prakan or SPK) by electric rail: (a) Average electric rail passengers on weekday morning and (b) Average electric rail passengers on weekday evening.



[image: Sustainability 13 02178 g028]







[image: Sustainability 13 02178 g029 550] 





Figure 29. The taxi and van evening destinations, and the available electric rail service. 
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Table 1. Data sources.






Table 1. Data sources.





	No.
	Data
	Type
	Time Range





	1
	Taxi GPS probe
	GPS probe
	1 month (February 2018)



	2
	Van GPS probe
	GPS probe
	1 week (27 August–2 September 2018)



	3
	Airport Rail Link ridership
	Automated Fare Collection
	1 month (February 2018)



	4
	Mass Rapid Transit ridership
	Automated Fare Collection
	1 month (February 2018)



	5
	Bangkok Mass Transit System ridership
	Automated Fare Collection
	1 month (February 2018)



	6
	Transportation analysis zone
	GIS layer
	2018
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Table 2. The taxi GPS probe data CSV file description.
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	No.
	Column
	Description





	1
	id
	Unique vehicle ID



	2
	gpsvalid
	1 = enough satellite for GPS fix



	3
	lat
	Latitude value of the GPS location



	4
	lon
	Longitude value of the GPS location



	5
	timestamp
	GPS timestamp (GMT +7)



	6
	speed
	Driving speed in km/h



	7
	heading
	Vehicle heading direction (0–360) degree from north (0)



	8
	light_status
	For taxi

1 = vacant light on, possibly no passenger

0 = vacant light off, possibly carrying passengers



	9
	engine_acc
	Car key status

1 = active, data will be collected every minute

0 = inactive, data will be collected every 3 min
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Table 3. The van GPS probe data CSV file description.
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	No.
	Column
	Description





	1
	datetime
	GPS timestamp (GMT +7)



	2
	uid
	Unique vehicle ID



	3
	lat
	Latitude value of the GPS location



	4
	lon
	Longitude value of the GPS location



	5
	speed
	Driving speed in km/h



	6
	type
	Contains “1” value only
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Table 4. A sample of the taxi trip table. Highlighted is an occupied taxi trip (light status = 0) from 13:28:21 in zone 334 to 13:39:21 in zone 355.
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	uid
	light_status
	o_time
	o_lat
	o_lon
	o_taz
	d_time
	d_lat
	d_lon
	d_taz





	2YeRvJhCebzKknMosY75UjhKwpc
	0
	2/2/2018 13:28:15
	13.89944
	100.5428
	1158
	2/2/2018 14:15:19
	13.87742
	100.59764
	372



	35yyV9yzMHW/PyftVq3WQpIGLKs
	0
	2/2/2018 13:28:15
	13.86363
	100.5281
	1132
	2/2/2018 13:41:15
	13.8603
	100.51061
	1130



	i5P2ldW9y5hbO9jZlehHzpO4zzg
	1
	2/2/2018 13:28:15
	13.72434
	100.54927
	161
	2/2/2018 13:38:15
	13.73691
	100.51876
	165



	9QSVsVvEhz2J5rijy42S67zFjwQ
	1
	2/2/2018 13:28:15
	13.81394
	100.51821
	278
	2/2/2018 14:16:15
	13.74338
	100.50902
	19



	t3Oj0RF0Q8fFzYo147hwOBboeT4
	0
	2/2/2018 13:28:16
	13.76729
	100.65409
	425
	2/2/2018 13:49:16
	13.80316
	100.70919
	720



	C3M4BoEbWz9TXjFdJlzBHjy7Yek
	0
	2/2/2018 13:28:18
	14.06375
	100.59802
	1301
	2/2/2018 13:48:52
	14.01271
	100.52342
	1446



	qzOuwJXjvtmaFb4viP+zuyDj9EU
	0
	2/2/2018 13:28:18
	13.67311
	100.54323
	227
	2/2/2018 13:47:18
	13.70724
	100.4871
	72



	kZkNAJqSoPXUA6i+X2Zc24CamQ4
	1
	2/2/2018 13:28:20
	13.62623
	100.58399
	949
	2/2/2018 13:34:56
	13.63657
	100.57823
	1077



	++DSqYQ5x328LHUqejEnMt1Ari0
	0
	2/2/2018 13:28:21
	13.92157
	100.60285
	334
	2/2/2018 13:39:21
	13.8866
	100.58365
	355



	dhOERzmtE4qnsl/2w/8fRHuLirY
	1
	2/2/2018 13:28:21
	13.74622
	100.55371
	670
	2/2/2018 13:31:21
	13.74578
	100.55159
	670
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Table 5. A sample of a van trip in the van OD table from 06:42:32 in zone 1278 to 08:31:35 in zone 56 on 27 August 2018.






Table 5. A sample of a van trip in the van OD table from 06:42:32 in zone 1278 to 08:31:35 in zone 56 on 27 August 2018.





	uid
	drive_time(minute)
	distance(km)
	o_time
	o_zone
	d_time
	d_zone





	0006230
	58
	16.404
	27/8/2018 6:41:55
	679
	27/8/2018 7:40:23
	373



	0000808
	61
	56.769
	27/8/2018 6:41:57
	1459
	27/8/2018 7:43:41
	1697



	0001920
	149
	48.814
	27/8/2018 6:41:59
	289
	27/8/2018 9:11:16
	358



	0007519
	61
	47.006
	27/8/2018 6:42:14
	643
	27/8/2018 7:44:02
	1801



	0003623
	99
	56.121
	27/8/2018 6:42:23
	334
	27/8/2018 8:22:16
	1299



	0000289
	109
	42.004
	27/8/2018 6:42:32
	1278
	27/8/2018 8:31:35
	56



	0008240
	53
	39.731
	27/8/2018 6:42:42
	623
	27/8/2018 7:36:06
	1801



	0000180
	74
	35.633
	27/8/2018 6:42:59
	367
	27/8/2018 7:57:47
	114



	0004669
	191
	47.657
	27/8/2018 6:43:02
	432
	27/8/2018 9:54:29
	423



	0007959
	80
	18.446
	27/8/2018 6:43:22
	373
	27/8/2018 8:04:03
	710
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Table 6. Sample of the transformed data in the relational database management system that shows 358 passengers traveled from Phaya Thai (PTH) station to Suvarnabhumi (SVB) station (od_pair = 7) on 1 February 2018, from 7 a.m. to 8 a.m.






Table 6. Sample of the transformed data in the relational database management system that shows 358 passengers traveled from Phaya Thai (PTH) station to Suvarnabhumi (SVB) station (od_pair = 7) on 1 February 2018, from 7 a.m. to 8 a.m.





	od_pair
	od_date
	h0406
	h0607
	h0708
	h0910
	h1011
	h1112
	h1213
	h1314
	h1415
	h1516
	h1617
	h1718
	h1819
	h1920
	h2021
	h2122
	h2223
	h2324
	h2403





	0
	2018-02-01
	0
	2
	2
	2
	1
	2
	2
	1
	0
	2
	1
	1
	3
	0
	1
	3
	3
	1
	0



	1
	2018-02-01
	0
	4
	24
	25
	21
	14
	14
	35
	12
	17
	34
	40
	35
	44
	48
	27
	15
	22
	7



	2
	2018-02-01
	1
	26
	57
	90
	40
	34
	57
	104
	73
	73
	90
	116
	142
	253
	172
	73
	22
	11
	4



	3
	2018-02-01
	0
	10
	96
	94
	101
	60
	34
	65
	82
	81
	89
	152
	312
	400
	315
	301
	169
	186
	83



	4
	2018-02-01
	1
	24
	69
	142
	74
	58
	39
	71
	58
	82
	85
	234
	282
	433
	434
	322
	182
	138
	64



	5
	2018-02-01
	1
	5
	9
	20
	10
	10
	12
	24
	27
	30
	44
	96
	158
	247
	212
	190
	150
	54
	35



	6
	2018-02-01
	1
	41
	89
	84
	53
	78
	82
	97
	102
	119
	136
	212
	443
	506
	596
	450
	288
	287
	164



	7
	2018-02-01
	0
	163
	358
	210
	268
	211
	221
	209
	275
	237
	253
	338
	369
	314
	218
	275
	205
	171
	138



	8
	2018-02-01
	1
	7
	16
	33
	29
	35
	37
	44
	23
	20
	27
	43
	55
	61
	52
	49
	16
	17
	3



	9
	2018-02-01
	0
	0
	1
	0
	1
	0
	2
	2
	0
	1
	0
	1
	0
	0
	0
	3
	0
	0
	0



	10
	2018-02-01
	0
	14
	36
	29
	26
	19
	25
	45
	29
	23
	27
	36
	65
	63
	69
	31
	24
	6
	0
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Table 7. Sample of the consolidated electric rail average passengers during February 2018.






Table 7. Sample of the consolidated electric rail average passengers during February 2018.





	o_taz
	d_taz
	morning_passengers
	evening_passengers
	other





	869
	181
	3264
	350
	83



	649
	670
	3085
	1233
	505



	593
	670
	2770
	675
	256



	281
	128
	2635
	1494
	569



	869
	175
	2620
	93
	25



	703
	670
	2475
	1076
	499



	618
	670
	2339
	418
	154



	281
	175
	2231
	281
	114



	281
	670
	2086
	977
	397



	281
	154
	2074
	185
	49
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Table 8. Summary of taxi trips in February 2018.






Table 8. Summary of taxi trips in February 2018.





	

	
Taxi Status

	
Type of Day

	
Period

	
Trips

	
%






	
Total Taxi Trips 2,221,049 Trips

	
Occupied 1,105,408 Trips

(49.77%)

	
Weekday 790,409 Trips (71.50%)

	
Morning

	
126,101

	
15.95




	
Evening

	
144,792

	
18.32




	
Others

	
519,516

	
65.73




	
Weekend 314,999 Trips (28.50%)

	
Morning

	
44,566

	
14.15




	
Evening

	
60,775

	
19.29




	
Others

	
209,658

	
66.56




	
Vacant 1,115,641 Trips (50.23%)

	
Weekday 797,129 Trips (71.45%)

	
Morning

	
122,473

	
15.36




	
Evening

	
140,379

	
17.61




	
Others

	
534,277

	
67.03




	
Weekend 318,512 Trips (28.55%)

	
Morning

	
43,401

	
13.63




	
Evening

	
58,554

	
18.38




	
Others

	
216,557

	
67.99
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Table 9. The summary of van trips from 27 August 2018, to 2 September 2018.






Table 9. The summary of van trips from 27 August 2018, to 2 September 2018.





	

	
Type of Day

	
Period

	
Trips

	
%






	
Total Van Trips 48,468 Trips

	
Weekday 32,337 Trips (66.72%)

	
Morning

	
6260

	
16.90




	
Evening

	
8033

	
21.68




	
Other

	
18,044

	
48.70




	
Weekend 16,131 Trips (33.28%)

	
Morning

	
2466

	
13.69




	
Evening

	
3773

	
20.95




	
Other

	
9892

	
54.92
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