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ABSTRACT 
 

A distributed trip behaviour detection devices with the capability of collecting WiFi 
information is designed for identifying trip characteristics of urban rail transit system with 
complex network. Trip characteristics like distribution of trip time, route choice, travel time 
and transfer interval can be identified by collecting MAC(Media Access Control) of mobile 
devices with a procedure of setting devices, data process, trip detection and missing 
information process. The field experiments in Xi’an Metro system with detailed AFC data 
indicate that the proposed system can identify trip characteristics accurately. The 
information collected by this system can be utilized for precise operations management like 
income distribution, station design. 
Keywords: intelligent transportation, trip characteristics, distributed WiFi information, urban 
rail transit 

 

1 Introduction 
 

Travel route, travel time, transfer time and other travel characteristics of urban rail transit 
passengers are the basis of passenger induction, emergency management and ticketing 
[1].In the rail network, when there is no circle, the accurate travel characteristics of 
passengers can be calculated by AFC (Automatic Fare Collection System) data. However, 
when multiple lines intersect to a loop, the transfer behaviour of passengers cannot be 
obtained by AFC data. Modern traffic information technology can accurately acquire 
passengers' location, time and other tags, which provides a new way to accurately identify 
passengers' travel characteristics. If there is information such as GPS[2], Bluetooth[3], and 
cell phone data[4]of travelers’ time and space, the passengers’ travel characteristics feature 
can be identified by data expansion. However, the GPS information cannot be obtained in 
the underground space, the sampling rate of Bluetooth device is about 1-3% and the cell 
phone data contains the privacy information [5].So, it is difficult to apply these methods to 
identify the travel characteristics. With the widespread use of WiFi mobile device, it can be 
used as an effective source to use. The unique MAC (Media Access Control) information of 
WiFi equipment can accurately obtain its travel characteristics, which is the ideal recognition 
technology. At every site, we can layout the WiFi device (referred to as the testing 
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equipment) to identify the characteristics of the passengers. One of the objectives of 
Intelligent Transportation System is to place more emphasis on using the existing 
infrastructure more efficiently, such as by providing information to the road users. This paper 
utilizes wireless WIFI detection equipment and obtain the data to identify the passengers 
travel characteristics. 

 
2 Distributed trip information detection based on WiFi information 
 

The collected data of detection equipment as shown in Table 1 will upload to the central 
data platform every 30 seconds. In Figure 1, the process of identifying the characteristics as 
follows: 

• Layout the testing equipment reasonably combined with various rail transit stations;. 
• The detection device can obtain the MAC address information, the signal strength 

of the WiFi device carried by the passenger and match the timestamp with the device; 
• Each detection device transmits the acquired information to the central data platform 

by wire or wirelessly and stores the collected information locally; 
• The central data platform analyzes the information identified by each WiFi device 

and obtains passenger travel characteristic. 
Tab.1  Example of uploaded information by detection devices 

information date time signal strength (dbm) MAC address Device 

example 2016/10/19 10:32:33 -72 
18:DC:56:06:92:

13 
2 

Central data platfor

Object detecting

WiFi device

wire or wirelessly

 

Fig. 1 Data transmission process of detection devices 

 

3 Identifying the passenger travel characteristic 
 
3.1 Transfer time identification 

 
As shown in equation (1), the passenger's travel time consist of waiting time, riding time, 

and transfer time. 

ݐ ൌ ௪ݐ  ݐ  ௧ݐ ൌ ௪ݐ 


௩
 ሺa െ bሻ ∗ ௗݐ  ܾ ∗  ௧                        (1)ݐ

Where:ta is the total travel time, l is the distance between two stations; v is the average 
speed of trains; a is the number of stations at two stations; b is the number of passengers 
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transfer; tt is the transfer time; td is the waiting time; tw is waiting time. 
 

4 Case analysis 
 
On October 15, 2016 -29, Xi'an Metro Line 1 and line 2 were selected to set up testing 

equipment at Wulukou stations, as well as at Sa jinqiao station, An yuan men station and 
Zhonglou station, and verified by AFC data. 
 

Sa Jin Qiao
station 

An yuan men
station

Wu lu kou
station

Zhong lou
station 

Line 1

Line 2

 
Fig.2  Interactions between installation location of devices and design of selected 

station 
The average speed of Xi'an rail transit vehicle is 35km/h, and the stopping time of each 
station is 20~35 seconds. Line 1 departure interval is 4 minutes 28 seconds, line 2 is 3 
minutes 9 seconds, Beidajie Street Station passengers transfer time is 2-10 points, which 
can obtain the maximum / minimum travel time between stations, as shown in table 2. 

Tab.2  Range of travel time (minutes) 

 Wu-Sa Wu-An 
Wu-

Zhong 
Sa-An 

Sa-
Zhong 

An-
Zhong 

Maximum 
travel time 

9.5 
20.

41 
20.1

1 
20.11 

19.
81 

7.25

Minimum 
travel time 

3.9 6.8 6.2 6.2 5.7 4.01

 
The study showed that the transfer time tt obeys lognormal distribution [6]: 

fሺݐ௧, μ, σሻ ൌ
ଵ

௧ఙ√ଶగ
݁ି

ሺషഋሻ
మ

మమ                                 (2)  

In the formula, the mean is the transfer time, and the sigma is the variance of the transfer 
time. Passenger path selection characteristics can be obtained based on matching data and 
travel time between stations. The total amount of travel information collected by testing 
equipment is 28% to 37% of the total passenger. The matching degree of the overall data is 
32.86%, and the standard deviation of matching data of each path is 3.8%. The number of 
traditional studies on transfer time is generally less than 500. The use of WiFi data can 
greatly increase the sampling rate and the corresponding accuracy. Assuming that the 
transfer time follows a lognormal distribution, and the confidence level is 95%using SPSS 
to perform the Kolmogorov-Smirnov test, the test results are shown in Table 3.Therefore, 
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detection equipment to obtain the passenger travel path, travel time and transfer time travel 
characteristics consistent with the actual, the information in the determined confidence 
interval confidence. 

 
Tab 3  Parameters of Kolmogorov-Smirnov test 

Test interval Wu-An Wu-
Zhong 

Sa-An Sa-
Zhong 

sample size N 14323 17526 11390 16391 

 
Normal distribution 

parameter 

mean 
1.82438

5 
1.792189

1.8018
11 

1.80879
1 

standard 
deviation 

.435610
3 

.4028596
.41798

54 
.422094

1 

Maximum 
difference 

absolute 
value 

.262 .251 .255 .258 

Positive 
value 

.262 .251 .255 .258 

Negative 
value 

-.157 -.157 -.160 -.158 

Kolmogorov-Smirnov Z 7.767 6.990 7.223 7.419 
Bilateral progressive 

significance 
.774 .730 .755 .772 

 
5 Conclusion 

 
WiFi information detection equipment can collect unique MAC address and identify travel 
characteristics. The WiFi information including: travel characteristics identification, data 
processing and so on. In that field verification of Xi'an rail transit, the system can effectively 
obtain the rail passenger travel path, travel time, transfer and other travel characteristics. 
The results can lay the foundation for rail transit ticket clearing, site optimization design .In 
the future, the AFC data can be used to further improve the accuracy of passengers' travel 
characteristics recognition, and obtain more travel characteristics information. 
 
  

37th Annual Southern African Transport Conference (SATC 2018)
Proceedings ISBN Number: 978-1-920017-89-7
Produced by: Jukwaa Media : www.jukwaa.net

9 - 12 July 2018
Pretoria, South Africa

821



6 Reference 
 
[1] XU R H, LUO Q, GAO P. Passenger flow distribution model and algorithm for urban rail 

transit network based on multi-route Choice[J]. Journal of The China Rall Way Society, 
2009, 31(2): 110-114. 

[2]  
[3] HOFLEITNER A, HERRING R, BAYEN A. Arterial travel time forecast with streaming 

data: A hybrid approach of flow modeling and machine learning[J]. Transportation 
Research Part B: Methodological, 2012, 46(9): 1097-1122. 

[4]  
[5] LI P F, SOULEYRETTE R R. A generic approach to estimate freeway traffic time using 

vehicle id-matching technologies[J]. Computer-Aided Civil and Infrastructure 
Engineering, 2015, 30(0): 1-15. 

[6]  
[7] BAR-GERA H. Evaluation of a cellular phone-based system for measurements of traffic 

speeds and travel times: A case study from Israel [J]. Transportation Research Part C: 
Emerging Technologies, 2007, 15(6): 380-391. 

[8]  
[9] BAKULA C, SCHNEIDER W H, ROTH J. Probabilistic model based on the effective 

range and vehicle speed to determine bluetooth MAC address matches from roadside 
traffic monitoring [J]. Journal of Transportation Engineering, 2012, 138(1): 43-49. 

[10]  
[11] DU P, LIU C, LIU Z L. Walking time modeling on transfer pedestrians in subway 

passages[J]. Journal of Transportation Systems Engineering and Information 
Technology, 2009, 9(4): 103-109. 

 

37th Annual Southern African Transport Conference (SATC 2018)
Proceedings ISBN Number: 978-1-920017-89-7
Produced by: Jukwaa Media : www.jukwaa.net

9 - 12 July 2018
Pretoria, South Africa

822


	Cover
	Review
	Review Process
	Reviewers
	List of Reviewed Papers

	Organising Committees
	Uber Report (Sponsor)
	SEARCH
	CONTENTS
	Plenary Presentations
	The Road Construction Sector’s Contribution to the Transport Future that we Desire
	Beyond Mobility: Toward Prosperous, Livable and Inclusive Urban Futures
	The Role of Air Transport in the Strategic Development Mix of South Africa

	1a: 4th International Conference on Transport: Infrastructure
	The Third Report Card: Transport Fixed Infrastructure Results and Conclusions
	An Economics-based Road Classification System for South Africa
	Proposed Method to Calculate Asset Values for Road Structures
	Investigation of Flood Effects on Road Performance: A Case of Arusha, Tanzania
	Bhutanese Road and Bridge Resilience to Floods and Landslides – First Suggestions for
	Consequences of Delayed Maintenance of Pavement Networks
	Porosity and Permeability Evaluation of Pervious Concrete using Three-Dimensional X-Ray
	Development of Warm in-Place Recycling Technique as an Eco-Friendly Asphalt

	1b: Treasury Session - Public Transport and Spatial Transformation
	No Papers Available

	1c: Rural
	Influencing Factors for Future Youth Entrepreneurs: A Conceptual Framework for the Transport Industry
	Empowerment of Women in the Transport Sector Value Chain: Lessons for Policy and Practice
	Locked-Up Gains and Missed Opportunities: A Rapid Review of the 2007 and 2018 Versions of the Rural Transport Strategy for South Africa
	The 4th Industrial Revolution, Improve your Skills or be Deemed Irrelevant
	Passenger Transport by Light Delivery Vehicle (LDV) in the Vhembe District Municipality of Limpopo Province, South Africa
	Exploring Industry’s Contribution to the Labour Intensive Construction of Low Order Rural Community Access Roads
	Scientific Approaches to Link the Targets Identified in NATMAP and NITSF to Measurable and Comparable Annual Targets Applicable to the Local Municipality Sphere of Government

	1d: Freight and Logistics
	Interventions to Improve Freight Vehicle Road Safety in Ethekwini Municipality
	Drive: A Distance-Based Road User Charge Voluntary Experiment
	Geotrack: An Efficient Simulation Tool for the Analysis of Heavy Vehicle Manoeuvrability
	The Truth about Piracy
	3D Printing Impacts on South African Third Party Logistic Service Providers

	2a: 4th International Conference on Transport Infrastructure
	Laboratory Evaluation of Road Construction Materials Enhanced with Nano-Modified Emulsions (NMES)
	Development of a New Laboratory Accelerated Machine-Multivariable Accelerated Abrasion Machine
	An Investigation of Aggregate Degradation in a High Stress Field
	The Effects of Angularity of Coarse Aggregates on Asphalt Mixture’s High-Temperature Performance and Compaction Performance
	Evaluation of Stiffness of Cement Stabilized Granular Lateritic Soils using Ultrasonic Pulse Velocity (UPV) Test
	Importance of the Zero Point in DCP Testing of Structural Capacity of Flexible Pavements
	Finite Element Analysis of Effects of Asphalt Pavement Distressers on FWD Dynamic Deflection Basin
	Effect of Moisture Content and Rock Content on the Resilient Modulus of Weathered Phyllite Fillers
	Research on Uneven Settlement of Subgrade with Micro-Piles
	The Application of Semi-Continuous Post-Tension Pre-Stressing Box Girder Bridges in Africa
	The Economic Importance of an Optimal Road Investment Policy in South Africa

	2b: Urban and Public Transport
	Can Personal Travel Planning Shift Mode Choice and Travel Behaviour? Lessons from an Employee Programme for WWF South Africa
	Improving the Provision of Transport for Youth with Disabilities in Cape Town
	The Relationship between Transit-Oriented Development, Accessibility and Public Transport Viability in South African Cities: A Literature Review and Problem Framing
	Decades of Learning from Trends in Land Use and Travel: Travel and Transport Demand Estimation in the City of Tshwane
	Integrating Land-Cover Data with Data on Population and Household Characteristics to Assess Densification along the BRT Route in the City of Tshwane
	Comparison of New Peak Hour Trip Generation Rates with Existing Rates in the South African Trip Data Manual
	The Spatial Trend Associations between Socio-Economic Factors and Households’ Travel Pattern in Gauteng
	Progressive or Regressive: Efficacy of Innovative Urban Public Transport Systems on Urban Mobility in the City of Tshwane
	The Effect of Smog Pollution on Transport Mode Choice: A Case Study of Xi’an, China
	Equity in Transport Planning: Are we Asking the Right Questions?
	Uberpreneurship: To Brand or Not Brand, that is the Question

	2c: Rail
	Rail Commuter Service Quality in South Africa: Results from a Longitudinal Study
	A Case Study on Platform-Train Interface Occurrences at a Metrorail Passenger Station
	A Review on the Current Condition of Rail Infrastructure in South Africa
	The Influence of Ballast Fouling on Track Settlement
	Development and Calibration of a Wireless, Inertial Measurement Unit (Kli-Pi) for Railway and Transportation Applications

	2d: Traffic Management, Safety and Security in Combination with the Road Safety Audits in SA
	GIS based Identification of Hazardous Locations in the Western Cape
	Evaluation of the Safety Benefits of the Exclusive and Concurrent Green Man Phasings for Pedestrians in Cape Town
	Horizontal Road Markings and Autonomous Driving – Back from the Future
	Analysing Road Fatalities Impacting Children Aged 0-17 in the Case of Gauteng: A Three-Year Analysis (2015-2017)
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Road Safety Tools
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Road Safety Audit Training in South Africa
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop: Formalisation of Road Safety Audit Processes in South Africa
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Review and Formalisation of South African Road Safety Audit Guidelines

	3a: Public Transport and Paratransit
	Exploring the Design and Management of Learner Transport Services
	Evaluation of National Road Network Funding in Namibia: The Curse of Efficient Road User Charges
	Activity Participation and Perceptions on Informal Public Transport and Bus Rapid Transit in Dar Es Salaam City
	Understanding the Operational Characteristics of Paratransit Services in Accra, Ghana: A Case Study
	Passenger Satisfaction with Minibus-Taxi Feeder Services at the Mitchells Plain Public Transport Interchange in Cape Town
	Tools to Assist in Determining Business Values of Individual Minibus-Taxi Operations in Rustenburg, North-West, South Africa
	Towards a Stated Choice Methodology to Determine Minibus-Taxi Driver Willingness to Provide Off-Peak Feeder Service
	Beyond BRT: Innovation in Minibus-Taxi Reform in South African Cities
	Success and Delay in IPTN Projects: Case Study Analysis of Three South African Cities

	3b: Traffic Engineering
	Traffic Impact of Pedestrianisation in Stellenbosch
	Traffic Impact of the its Time Event
	Factors That Influence the Geometric Detection Pattern of Vehicle-based Licence Plate Recognition Camera Systems
	Intelligent Transportation System as an Effective Remedy to Improve the Public Transportation in South Africa
	Perceptions of the Factors Causing Traffic Congestion and Plausible Measures to Alleviate the Challenge in Bloemfontein, South Africa

	3c: 5th China Africa Co-Operation Forum
	No Papers Available

	3d: Aviation
	Trends in International Aviation Research
	Airline Network-based Modeling Aspects and Methodologies for Multidisciplinary Optimization
	The Cost of Knowledge
	A New Concept for a Vertical Take Off and Landing Business Jet
	Aerospace Technology: Crystal Ball Gazing
	Applications for Remotely Piloted Aircraft Systems

	4a: Integrated Public Transport Networks: Mapping, Data and ICT
	Measuring Individuals’ Travel Behaviour by Use of a GPS-based Smartphone Application in Dar Es Salaam City
	Public Transportation and Land Use Impacts on Accessibility for Sustainable Public Transportation System in Bloemfontein
	Smart Spatial Data: Performing Public Transport-Related Tasks using the Ethekwini Transport Authority’s Smart Portal
	Mapping Minibus-Taxi Operations at a Metropolitan Scale – Methodologies for Unprecedented Data Collection using a Smartphone Application and Data Management Techniques
	Future Transportation — Human-Like Transportation
	Operation Optimization Considering Order Cancellation and Ticket Discount for on-Demand Bus System
	Identification of Trip Characteristics in Urban Rail Transit System using Wifi Information
	Solutions to Public Transport Challenges: The Solution of Urban Public Transportation - The Development and Application of BRT
	Towards a Desired Transport Future: Safe, Sufficient and Affordable
	Towards a Desired Transport Future: Safe, Sufficient and Affordable
	Future Urban Transport: Bicycle Viaducts
	Promoting Low-Carbon Transport in African Cities. A Discussion Paper on the State of Urban Transport and Potential for Cycling in Cities
	Impact of Minibus Taxi Scheduling on Route Efficiency

	4b: International Society for Weigh-In-Motion Workshop(IS-WIM)
	International Developments in WIM
	South American Applications of Strain Gauge Based WIM
	Adding Value to High Speed Weigh-In-Motion – Intelligent Enforcement the N3 Speed over Distance Integrated with Weigh-In-Motion
	WIM for Direct Enforcement in Brazil
	Weigh-In-Motion Enhancement Scenarios within the its Environment
	New International Standard on WIM
	Calibration and Quality Management of WIM Data
	Re-Engineering the Use of Road Networks Through on-Board Mass (OBM) Systems
	Commercial Vehicle Screening for Anomalous Tires: Weigh in Motion and Additional Screening Parameters / Tire Anomaly and Classification System (TACS) for Detection of Tire Problems
	Status of SIM Technology in South Africa and it’s Implementation in Accelerated Pavement Testing (APT)


