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Abstract: Malaysia has high percentages of motorcycles. This leads to a unique traffic pattern. 
Due to lane-splitting, travel time data collected by media access control (MAC) address needs 
careful handling. Lane-splitting data and outliers affect the accuracy of travel time 
measurements. This research aims to study how serious the effect of outliers and lane-splitting 
for travel time measurements using MAC address data. Using travel time data collected by Wi-
Fi detectors from two routes in Kuala Lumpur, travel time reliability (TTR) measures were 
calculated based on unfiltered data, filtered data using Jang algorithm, and filtered data using 
TransGuide algorithm. The results show that using unfiltered data leads to inaccurate TTR 
measures. The differences in TTR measures between filtered data and unfiltered data are 
enormous. Thus, it can be concluded that travel time data sets must be filtered out before 
calculating TTR measures. 

Keywords: Travel Time, Travel Time Reliability, Lane-splitting, MAC Address, Outlier 
Filtration Algorithm   

1. INTRODUCTION

In Malaysia, the total registered motorcycles in 2016 were 12.68 million motorcycles. It 
accounted for 45.9% of the total number of registered road motor vehicles. In all of ASEAN 
countries, in 2016, the total registered motorcycles were 199 million motorcycles. It represents 
76.4% of the total number of registered road motor vehicles (ASEAN Statistics Division, 2018). 
These statistics show that ASEAN has a high percentage of motorcycles, which, in turn, leads 
to having a unique traffic pattern. Lane-splitting is one of the situations that distinguishes the 
traffic pattern in ASEAN. It assing slower moving traffic by 

(Ouellet, 2012). Due to lane-splitting, motorcycles have fewer travel times than other vehicles, 
especially at peak hours. Thus, lane-splitting affects travel time patterns. Therefore, to obtain 
accurate travel time measurements for passenger cars, lane-splitting data has to be removed 
from travel time datasets. 

Travel time is defined as the period needed to travel from one location to another. It is 
one of the most important aspects of transportation. It is deemed as an effective parameter for 
measuring transportation network performance (Wanjek & Hauger, 2017). A set of factors can 
affect travel times, resulting in significant variability and uncertainty. Quantifying this 
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uncertainty appropriately will help operators and travelers to make informed decisions. Travel 
time reliability (TTR) measures are performance measures based on travel time variability 
(TTV) (Xu et al., 2020). TTR is the consistency or dependability in travel times, as measured 
from day-to-day and/or across different times of the day (Texas Transportation Institute  & 
Cambridge Systematics Inc 2005).  

In recent years, traffic researchers put a lot of effort into the researches of travel time. 
This is due to the development of travel time data collection techniques. Collecting travel time 
data using the media access control (MAC) address technique is promising in traffic 
engineering. For collecting travel time observations for a road using MAC address, two 
detectors are needed. The first detector is located near the roadside at the beginning of the 
targeted road, whereas the second detector is located at the end of the targeted road. The 
detectors can capture the unique MAC addresses of nearby mobile phones using Bluetooth or 
Wi-Fi technology. For each mobile phone, the matched MAC address between the two detectors 
and the corresponding times are compared. The net time is the travel time of the mobile phone 
in a vehicle. Thus, it is the travel time of the vehicle (Van Boxel et al., 2011). The anonymous 
detection of devices, cost-effectiveness, and the direct measurement of travel time are the main 
advantages of the MAC address technique. These advantages make it better than most of the 
other travel time collection techniques. Although the advantages, MAC address detectors are 
affected by some sources of outliers and measurement errors (Moghaddam & Hellinga, 2013, 
2014). Therefore, outliers must be filtered out from the travel time datasets to obtain accurate 
travel time. 

There are many travel time filtration algorithms proposed to detect outliers in the datasets. 
One of the earliest proposed algorithms is TransGuide algorithm. It divides the 
into small equal time windows. It considers travel time observation valid if it locates inside a 
pre-defined travel time validity range based on the average travel time of the previous time 
window (Southwest Research Institute, 1998). The following equations describe this algorithm: 

 

 

 
 

where, 
 : a set of valid travel times from point A to point B at time t, 

 : average travel time for the corresponding set of observations, 
  : detection time of a vehicle i at point A, 
 : detection time of a vehicle i at point B, 

        : time at which the travel time estimation takes place, 
  : time window, 

 : previous average travel time from A to B, and 
 : link threshold travel time parameter. 

 
Recently, Jang (2016) developed a new algorithm to detect outliers in travel time datasets. 

The algorithm comprises two parts. If the number of observations in the time window is less 
than 3, the algorithm's first part is applied. This part develops the validity range based on the 
average of the previous time window. However, if the number of observations in the time 
window is more than or equal to 3, the second part of the algorithm is applied. The validity 

The following 
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equations describe this algorithm: 

 
 

where, 
  : number of travel time observations in , 

  : time window, 
 and : sets of valid travel times from A to B at time , 

 and : numbers of valid travel times from A to B at time , 
 : average travel time of valid observations from A to B at time , 

: average travel time of valid observations from A to B at time , 
 : detection time of vehicle  that has a valid travel time at point A, 
 : detection time of vehicle  at point A, 

 : detection time of vehicle  that has a valid travel time at point B, 
 : detection time of vehicle  at point B, 

 : median of travel time observations in the current time window, 
 : median absolute deviation of travel time observations in the current time 

window, and 
, ,   : parameters. 

 
This paper studies the impact of filtration of outliers and lane-splitting data on TTR 

measures to understand the importance of travel times filtration. The travel times of two routes 
in Kuala Lumpur (KL) are used in this research. 

 
 
2. METHODOLOGY 
 
2.1 Research Methodology Flowchart 
 
The appropriate methods and analyses were selected after reviewing the literature. In order to 
facilitate understanding the outlines of the procedures and analyses, a research flowchart has 

 

 

 

                                                                                 
 

 

 

 

 

 

3



 

 
 

been developed. As shown in Figure 1, five phases were adopted. The literature review is the 
first phase. It was about the algorithms established to filter travel time data. Travel time 
reliability studies were reviewed as well. The second phase is data collection, where all required 
data were gathered during this phase. After that, data analysis is the third phase. During this 
phase, travel time reliability measures were calculated based on raw data (unfiltered travel time), 
filtered data using Jang algorithm, and filtered data using TransGuide algorithm. The results 
and discussion are the fourth phase. The last phase is conclusions based on the results.   
 

Figure 1. Research methodology flowchart 
 
2.2 Study Area 
 
Two routes near Kuala Lumpur city center (KLCC) were selected for this study. This urban area 
is in the heart of Kuala Lumpur. It has Petronas Twin Towers and many other skyscrapers, malls, 
businesses offices, and hotels. In order to collect travel time data, three units of Wi-Fi detectors 
were used. The detectors were as follow:  
Detector 1 at KL-Seremban Highway,  
Detector 2 at Jalan Istana,  
Detector 3: at Jalan Yew. 

These detectors were used to measure travel time data from two routes. Figure 2 presents 
the locations of the detectors and the two routes. The routes have many segments, and each 
segment has a different name. To facilitate the discussion, the routes have been named as Route 
A and Route B. Route A is the route between detector 1 and detector 2. Route B is the route 
between detector 1 and detector 3. The routes  information is presented in Table 1. Route A has 
two segments; the first segment is a portion of KL-Seremban Expressway, and the second 
segment is a part of Jalan Istana. Route B consists of three segments, which are, a part of KL-
Seremban Expressway, Jalan Sungai Besi, and Jalan Yew. 
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Figure 2. Maps of the routes: route A (blue line), and route B (green line) (Google, n.d.) 
 

Table1: Routes  information 
Route Length (m) Segments Connected sensors 

Route A 3880 2 1 and 2 

Route B 5690 3 1 and 3 
 
2.3 Data Collection 
 
Integrated Transportation Solutions Sdn. Bhd. (ITSSB) collected the travel time data used in 
this study. ITSSB in collaboration with Integrated Transport Information System (ITIS) DBKL 
conducted a Proof-of-Concept (PoC) project of Advanced Traffic Information System (ATIS) 
in 2018. ITSSB has developed a system that uses MAC address technique to collect travel time 
data. The system utilizes Wi-Fi technology to detect, transmit, record, match and analyze MAC 
addresses of smartphones anonymously. The MAC address is unique for each smartphone. 
Smartphone periodically transmits MAC address via Wi-Fi. The travel time data from all 
weekdays during May 2018 were used in this study. 
 
2.4 Data Description 
 
To understand the impact of outliers and lane-splitting observations, Figure 3 presents the travel 
time dataset for 25th May 2018 (from 00:00 to 23:59) for route A. This figure illustrates that 
the travel time dataset has three categories of observations: cars (valid), outliers, and lane-
splitting observations. From Figure 3, it is clear that outliers and lane-splitting observations 
have an opposite effect on the average travel time. Outliers increase the average travel time, 
while lane-splitting observations decrease the average travel time. 
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Figure 3. Travel time dataset for 25th May 2018 for route A 

 
2.5 Data Analysis 
 
For understanding the impact of filtration of lane-splitting data and outliers on the TTR 
measures, TTR measures were calculated based on raw data (unfiltered travel time), filtered 
data using Jang algorithm, and filtered data using TransGuide algorithm. The importance of 
filtration process is realized by observing the differences in the patterns of TTR measures using 
filtered and unfiltered data. Travel time index (TTI), planning time index (PTI), and buffer time 
index (BTI) were adopted as TTR measures in this study. The following equations are used to 
calculate these measures (Culotta et al., 2019; Texas Transportation Institute  & Cambridge 
Systematics Inc 2005).  
 

 

 

 

 

 
Free-flow speed is defined as the 85th percentile speed during overnight hours from 

10:00 p.m. to 5 a.m. (Chen & Fan, 2020; Fan & Gong, 2017; Florida Department of 
Transportation, 2011; Schrank et al., 2015). Thus, the free-flow travel time is the 15th percentile 
travel time from 10:00 p.m. to 5 a.m. Before calculating travel time reliability measures, travel 
time data were aggregated at 5 minutes by calculating the average of observations to avoid 
fluctuations in travel time (Yang & Wu, 2016). R software was used to conduct the calculations. 
 
 
3. RESULTS AND DISCUSSION 
 
Before presenting the results of TTR measures, it is important to display an example of the 
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performance of the filtration algorithms to ensure their ability to filter travel time datasets 
efficiently. Figure 4 presents the performance of Jang and TransGuide algorithms for 25th May 
2018 for route A. The two algorithms filtered the travel time dataset with acceptable 
performance. They effectively removed most outliers and lane-splitting observations. Thus, the 
two algorithms can be used to filter travel time datasets to develop TTR measures. 
 

 
(a) 

 

 
(b) 

 
Figure 4. Performance of filtration algorithms for 25th May 2018 for route A: (a) Jang 

algorithm, and (b) TransGuide algorithm 
 

For route A, the pattern of TTI using filtered data by Jang filtration algorithm and TTI 
pattern using filtered data by TransGuide filtration algorithm are almost identical, as shown in 
Figure 5. That indicates that the performance of Jang algorithm and TransGuide algorithm are 
almost the same for route A. For PTI and BTI patterns, the situation is similar to TTI patterns 
in terms of the identification between Jang algorithm and TransGuide algorithm. However, 
there are enormous differences between TTR measures using unfiltered data and after using the 

7



 

 
 

filtration algorithms, especially overnight. The values of TTI and PTI before filtration are 
higher than after filtration. For example, at 16:00, the value of TTI using unfiltered data is about 
5, while it is about 2 after using filtration algorithms. That indicates that the travel time datasets 
have a considerable number of outliers and highly affect TTR measures patterns.  
 

(a) 
 

(b) 
 
Figure 5. TTR measures for route A using unfiltered data, filtered data using Jang algorithm, 

and filtered data using TransGuide algorithm: (a) TTI, (b) PTI, and (c) BTI 
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(c) 
 

Figure 5  
 

There are significant differences between TTR measures for route B using unfiltered 
data and filtered data, especially overnight, as shown in Figure 6. The values of TTI and PTI 
using unfiltered data are much higher than using filtered data. This implies that travel time 
datasets have a lot of outliers. For TTI and PTI, from 7:00 to 11:00, there are clear differences 
between Jang algorithm and TransGuide algorithm. It could be due to lane-splitting data. 
Probably, Jang algorithm failed to remove lane-splitting data. Instead, Jang algorithm removed 
the valid data during this period.  
 

(a) 
 

Figure 6. TTR measures for route B using unfiltered data, filtered data using Jang algorithm, 
and filtered data using TransGuide algorithm: (a) TTI, (b) PTI, and (c) BTI 
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(b) 
 

(c) 
 

Figure 6  
 
4. CONCLUSION 
 
This study addressed the impact of filtration of outliers and lane-splitting data process on TTR 
measures to understand the importance of the travel time filtration process. Jang algorithm and 
TransGuide algorithm were selected to filter travel time datasets. The main findings after 
developing TTI, PTI, and BTI patterns for two routes using unfiltered data, filtered data using 
Jang algorithm, and filtered data using TransGuide algorithm were as follow: 

 For the two routes, using unfiltered data led to inaccurate TTR measures. The 
differences in TTR measures using filtered data and using unfiltered data are 
considerable, especially overnight period. Thus, it can be concluded that travel time data 
sets have to be filtered out before calculating TTR measures. 

 For one route, Jang algorithm and TransGuide algorithm had the same performance. For 
the other route, the performance of Jang algorithm and TransGuide algorithm was 
different. Thus, an investigative study on the best travel time filtration algorithm is 
needed. 
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