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Abstract 

The advancement of GPS technology enables GPS devices not only to be used as orientation and navigation tools, 

but also to track travelled routes. GPS tracking data provides essential information for a broad range of urban 

planning applications such as geographical distribution, transportation routing and planning, traffic management and 

environmental control. This paper describes on mapping the data that was collected by tracking the cars of 316 

volunteers over a seven-week period. The geographical information is extracted and the processed data is further 

connected to the underlying road network by means of maps. Geographical maps are applied to check how the car-

movements match the road network. 90% of the trips on the plane match the road network within a tolerance 

distance radius of 100 meters. The maps capture the complexity of the car-movements in the urban area. The results 

show that GPS tracking data can effectively illustrate the mobility pattern of cars.  

1. Introduction  

Global Positioning System (GPS) technology has developed enormously in the last few decades and continues to be 

improved. The use of a portable device such as a smartphone or other communication devices with built-in GPS for 

navigation and orientation is becoming more and more common.  

The GPS devices are mainly used for navigation and orientation. However, some GPS devices can also track the 

positions that the object has covered and record these positions into a logger. Some GPS devices may even record the 

detailed information regarding longitude, latitude, time, velocity, and altitude at a regular time interval. This spatial 

and temporal information can be used for investigating the activities of people and the induced effects due to these 

activities.    

There is a lack of specific studies on the aspects of processing this type of GPS tacking data. It is possible to directly 

use the unprocessed GPS tracking data; however, its use is limited to very few aspects that involves simply using the 

velocity and coordinates or some other recorded information. Therefore, we aim to specifically discuss the 
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necessarily required steps on processing the data as well as the good and the bad aspects that are discovered from the 

data. We are also focus on investigating the benefits and the potential errors and challenges in connecting the 

processed data to the road system. This paper summarizes the descriptive statistics of the processed data and uses 

visualized maps to illustrate the geographic features of the car movements. The visualized maps are connected to the 

road network from the national road data base (NVDB
1
) to illustrate the relationships between the car movements 

and the road system.    

The technical documentation of the data processing in this paper can be replicated on the same data or data of a 

similar type. The processed data can be used by studies doing in-depth research or on other similar experiments. 

Additional post processes may be needed if new variables are required to enable the research possibilities. 

Adjustment will be essential to adapt to new techniques and algorithms. The data in this paper are freely available to 

be applied for additional studies and for assisting to acquire more sophisticated data.  PHP is used to aggregate and 

process the data. ArcGIS for desktop 10.1 is used for documenting the processed data into different geographic 

information and maps.  

Section 2 of this paper presents how the data was collected. Section 3 provides the technical process from viewing 

the original unprocessed data to summarizing descriptive statistics of the processed data. Section 4 develops the 

visualized maps in relation to the road network. Section 5 presents the discussions of the findings and conclusions.  

2. Data Collection 

Traditional travel diaries are the main ways to collect travel data before the use of GPS collection data. Wolf J. (2000) 

discussed using GPS data loggers to replace travel diaries in the collection of travel data for improving the quality 

and robustness of the data as well as reducing the respondent burden and collection times. However, the GPS 

tracking recordings require consent of people to carry the device. There will be substantial non-responses by 

randomly selecting a sample of population.   

We instead successfully negotiated a deal with four large sports associations, Domnarvets GOIF, Kvarnsveden 

Hockey, Stora Tuna IK and Torsångs IP. These four sports associations then recruited car-owning volunteers to 

conduct the data collection. Each association provided approximately 75 volunteers with their home addresses. Each 

volunteer was unidentified. A unique ID which was composited by the association name and a unique number was 

assigned to every volunteer.  
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To track the movements of the cars, 89 BT-338X Blue-tooth GPS data loggers were shared among these volunteers 

according to a protocol. The BT-338X combined a GPS receiver and a data logger with a Blue-tooth interface to 

record the volunteers’ car movements. Each volunteer’s car was equipped with a BT-338X for one week or two 

weeks. A device can only be equipped on that same car during the tracking period. There was no guarantee that the 

car with the device would only be driven by the registered volunteer because this car may be shared by all the 

members in the household. However, the movements of this car were the target to be tracked as long as the device 

was equipped to that car and the unique ID was given.  

Necessary details were specified to the volunteers before the collection, for example, respondents failed to charge or 

carry their devices, the malfunction problems and some other atypical situations. The data in each GPS logger file 

only contains car movements from one unique ID. The GPS signal was received every 5 or 30 seconds by setting the 

tracking time interval in the device configuration. The recorded information included date, time, longitude, latitude, 

velocity.  

The four sports associations are dispersedly located in Borlänge as is shown by the red triangles in Figure 1. Figure 1 

also illustrates the residential distribution of the volunteers as well as all the residents in Borlänge. The volunteers are 

spread out in Borlänge in a pattern similar to all the residents. Due to the requirement that every volunteer must 

possess a car, the volunteers reside less concentrated in the center most area compare to all residents in general. Most 

of the volunteers were residents of Borlänge; however, the spatial extension of their movements covered more than 

half of the entire territory of Sweden (Jia et al., 2012). Although the cars travelled throughout the entire country, the 

focus in this paper is the predominant movements in the Borlänge city.  

 

Figure 1: Spatial distribution of the volunteers as well as all the residents in Borlänge 
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The collection of GPS tracking data was undertaken from March 29 to May 15 in 2011and the successful compliance 

turned out to be extremely high to 95%. The data on the car movements were stored in 316 logger files, one for each 

volunteer. There were 309,263 positional recordings after removing 5,402 invalid records due to the devices lost the 

GPS signal. 

3. Preprocessing the data 

3.1 Data from the GPS logger file 

The original GPS tracking data was recorded into a DataLogger file, the extension of which is *.gsd. The 

following Figure 2 shows a part of a specific DataLogger file example of volunteer with the ID of Domnarvet11. 

In general, each “*.gsd” file has a variable [Date] which is the latest date and time when the file was loaded from 

the BT-338X to the computer by using the software GlobalSat Data Logger PC Utility. The variable [Date] does 

not change when the files are saved to a specific path in the computer. The date and time is in the format of 

YYYY-MM-DD-tt:mm:ss. The row under [Date] shows that the file was loaded at 2011-04-29-13:15:56. 

 

Figure 2: Example of GPS logger data of the volunteer Domnarvet11 

The variable [TP] represents the tracks. A track is defined as the linked line of a number of positional recordings 

(more than 2) in a specific time period. The numbers 1, 2……, 17 before the equal sign “=” are the numerators 

which in this case indicate that 17 tracks had been made by the volunteer Domnarvet 11. The numbers 001, 

002 ……, and 017 following the equal sign are the unique numbers for each track. The local date and time when 
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this track started are directly following the unique number, in the format of YYYY-MM-DD-tt:mm:ss. For 

example, the 1=001, 2011-04-05:20:20:27 signifies the first track was assigned to number 001 and it started at 

2011-04-05:20:20:27. 

The section after [TP] is the positional recordings that each specific track contained. One tack could have a 

maximum 95 positional recordings. Each positional recording contains the information in the sequence of 

latitude, longitude, time, date, velocity and altitude. According to the BT-338X user manual, the longitude and 

latitude are referenced by the World Geodetic System 84 (WGS 84) in the degrees decimal minutes format. The 

longitude and latitude were measured with a precision of 5 meters. The time is in the format of ttmmss. The date 

is in the format of DDMMYY. The velocity was measured in the unit of km/h. The altitude was not recorded 

and was assigned the value of -1. 

For example, the first track [001, 2011-03-29:20:55:54] contained 16 positional recordings. 1, 2……, 17 were 

the numerators of the positional recordings. Specifically, 1=60298968, 15282927, 182027, 50411, 6240, -1 

signifies that the WGS 84 latitude is 6029.8968, longitude is 1528.2927, the time is 182027 (which is 18:20:27), 

the date is 50411 (which is 05-04-2011), the velocity  is 62.40 km/h and the altitude is filled by -1. The listed 

time here is 2 hours earlier than the actual local time due to the change of the summer time. Therefore, the listed 

time plus two hours is the actual local time in recording the positions.  

Table 1 shows the number of valid data logger files from the volunteers. There are 48 from Domnarvet GOIF, 59 

from Kvarnsveden Hockey, 151 from Stora Tuna IK and 58 from Torsång IP. It needs to be pointed out here that 

more volunteers from Stora Tuna were recruited during the collection. The later recruited volunteers were 

assigned the identification marker StoraTuna IK B. In the end, there are 71 valid records from the StoraTuna IK 

A and 80 valid records from the StoraTuna IK B.   

Table 1: Number of valid GPS Logger files in each sport association 

 Valid GPS Logger files 

Domnarvet GOIF 48 
Kvarnsveden Hockey 59 
Stora Tuna IK A 71 
Stora Tuna IK B 80 
Torsång IP 58 
Total 316 

The original data can be reorganized into a new format of files for the further convenient use. The data are 

reorganized into matrix to become more portable. The variables are respectively assigned the names of 
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“TRACK_ID”, “PR_ID”, “USER_ID”, “LATITUDE”, “LONGITUDE”, “TIME”, “DATE”, “VELOCITY” and 

“HIGHT”, in which, “PR_ID” means the positional recording ID.  Figure 3 shows the structure of the matrix.  

 

Figure 3: Structure of the matrix from the original logger file of the volunteer Domnarvet11 

3.2 Normalization of time 

In order to be able to acquire more information and conduct calculations from the original recorded time, a 

normalization of the time is needed. The original time and date were recorded separately in the GPS logger file, 

for example, time 182027 (which is 18:20:27), date 50411 (which is 05-04-2011). If we want to conduct 

calculations regarding time, such as the time span between certain positional recordings or the time differences 

among different tracks, the original format cannot be used for these calculations. Therefore, the Unix Time 

Stamp
2
 is used in norming the recorded date and time to the number of seconds that have elapsed since 00:00:00 

Coordinated Universal Time (UTC), Thursday, 1 January 1970, not counting leap seconds. This Unix Time 

Stamp seconds can be easily used for the formerly mentioned calculations and some other meaningful 

information mining. 

3.3 Descriptive statistics of the processed GPS data 

Based on the reorganized data, it is possible to derive the descriptive statistics of tracks and volunteers 

respectively. There were 316 volunteers who made 5,180 tracks with 309,263 positional recordings.  From Table 
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2 we can see that the volunteers made a minimum 1 track and a maximum 734 tracks during the tracking period. 

75% of the volunteers made less than 17 tracks.  

Table 2: Descriptive statistics of positional recordings for tracks and volunteers 

 Min Q1 Median Q3 Max 

Volunteer TP number 1 7 11 17 734 

Positional Recording Number      

Track 2 19 79 95 95 

Volunteer 2 278 517 809 66531 

Distance (m)      

Track 2 1481 7837 26921 117722 

Volunteer 3767 101712 186840 349276 2471518 

Velocity (m/s)      

Track 0.01 5.8 11.4 15.3 41.6 

Volunteer 0.03 11.6 13.3 15.9 25.9 

Time Span (s) 5 5 30 30 342775 

As it is defined previously, a track contains at least two positional recordings. There were 73 tracks with only 

one single positional recording. All 73 of these recordings have been deleted. Each track has a minimum 2 

positional recordings and a maximum 95 positional recordings. The median number of positional recordings in 

each track is 79. The volunteers made minimum 2 positional recordings and maximum 66,531 ones during the 

tracking period.  

The time span between two neighboring positional recordings was usually 5 or 30 seconds according to the 

settings of the device and if the car did not go to a tortuous location or stay at the same location for a long time. 

37.7% of the recordings have a time span of 5 seconds and 54.3% recordings have a time span of 30 seconds. 

The maximum time span was 342,775 seconds.  The reason of having a very large time span was that if the car 

stopped moving but the device was kept on, there would be no new positional recording. If the number of the 

former recordings in that track was less than 95, the next new positional recording would be added to this track 

when the car started moving again.     

Euclidean distance could be the optimal distance that people would like to drive, however, in reality, the real 

road network requires people to drive on the tortuous roads or detour which makes the actual network distance 

longer. The difference between the Euclidean distance and the Network distance is obvious as illustrated by 

Figure 4. 
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Figure 4: Difference between the Euclidean distance and the Network distance 

The Euclidean distance between each two neighboring positional recordings in one track is calculated and then 

they are added together. The sum is the distance of this track in the plane. This measurement of the distance 

underestimates the real distance that the car has travelled on the road network. The underestimation error will 

become smaller when the positional recordings are more. However, there is always a tradeoff between the 

frequency of the positional recordings and the accuracy of the distance measurement. It is easier to measure 

Euclidean distance while it is difficult to constantly acquire all positions that the car has covered. 92% of the 

positional recordings are acquired every 5 or 30 seconds, considering the car velocity, we regard the 

underestimation is acceptable. 

As is shown in Table 2, there are huge variations in distance. The minimum distance of a track was 2 meters 

while the maximum was 117,722 meters. Considering the different numbers of tracks and positional recordings 

that a volunteer had made, the minimum total distance of a volunteer was 3,767 meters while the maximum is 

2,471,518 meters. 

The velocity can be applied in various aspects such as calculating the pollutants emissions, fuel consumptions 

and so on. The instantaneous velocity was recorded when the position was recorded. Therefore, the 

instantaneous velocity is the velocity that the car has at the particular moment of the recording time. The average 

velocity of the car on a track segment can be calculated by using the distance and the time difference between 

two neighboring positional recordings. The average velocity of a volunteer can be derived in the same way. A 

conversion from km/h to m/s is done in order to be consistent with the measurement of distance (m) and time (s). 

The median of the average velocity on one track was 11.4 m/s while the median of the average velocity of a 

volunteer was 13.3 m/s.  

We randomly select10 tracks from those 5,180 tracks, and then generate the scatter plot with the linear 

regression line between the instantaneous velocity and the average velocity. Figure 5 shows the relationship 

between the instantaneous velocity which was recorded by the device and the calculated average velocity. Most 
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of the points line up in a fairly straight red line, the slope approximately equals to 1 comparing to the strictly 

straight green line.  The scatterplot indicates that there is a strong positive linear association between 

instantaneous velocity and average velocity although the relation is weaker in the low velocities than the relation 

in the higher velocities. 

 

Figure 5: Difference between instantaneous velocity (VI, m/s) and average velocity (VA, m/s) of one track 

Purposive locations are positions with drastic changes in time, distance or angle along the movement trajectories 

of the individual volunteers (Jia et al., 2012). It is sensible that a track consists of purposive locations and this 

leads to the ambiguous issues in defining tracks. This paper focuses on identifying those large time interval 

locations where the time interval exceeds a threshold of 550 seconds. We redefine a track in the following way.  

There are several positional recordings between the start and the end positions of one track. The time span 

between two neighboring positional recordings varies. If there is no time span over 550 seconds during the 

whole track, then keep down the information of the start point and the end point and assign a TRACK_ID to this 

track. If there is at least one time span over 550 seconds during the whole track, then the old track will be 

segmented. It means that if the time span between two neighboring positional recordings is over 550 seconds 

and in additional the distance is less than 2 km, the track will be redefined. As is shown in Figure 6, the time 

span between two neighboring positional recording A and B is larger than 550 seconds, the position A will be 

regarded as the end point for the first track. The position B which happens straight after A will be regarded as 
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the start point for the second. This original track is separated into two tracks. Each track is assigned to a unique 

TRACK_ID. The number of the new defined tracks varies based on the number of time span which is over 550 

seconds. 6,534 stops are found and there are 8,736 tracks after the redefinition. 

 

Figure 6: Illustration of redefining a track based on time span between neighboring positions   

4. Describing GPS data by means of maps 

4.1 Transforming of coordinate system  

The BT-338X user manual indicates that the longitude and latitude are referenced by the World Geodetic 

System 84 (WGS 84) and measured with a precision of 5 meters. The format of the datum WGS 84 was in the 

degrees decimal minutes format. A simple calculation of dividing the decimal minute part by 60 is done to 

convert the WGS 84 degrees decimal minutes into the WGS 84 decimal degree.   

The goal is to match the GPS tracking data with the Dalarna road network from NVDB. The projected 

coordinate system RT 90_25_gon_v is used in the map of Dalarna road network. The transformation from the 

geographic coordinate system of WGS 84 decimal degree to the targeted RT 90_25_gon_v is conducted by 

using the ArcGIS desktop 10.1.  

The first step is to define the project in ArcMap 10.1 by using the matrix which has the geographic coordinate 

information of WGS 84 decimal degree. It can be equally done by creating the point feature class in ArcCatalog 

10.1 by using the same data file. Use the ArcToolbox in the ArcMap 10.1 to transform the coordinate system of 

the former derived point feature class. The specific procedure is: ArcMap 10.1  ArcToolbox  Data 

Management Tools  Projections and Transformations  Feature  Project. The transformation generates 

point feature class with RT 90_25_gon_v. The point feature layers from the four sport associations are derived 

separately, for the convenience for the following use, a merge work was conducted. The specific procedure is: 

ArcMap 10.1  Data Management Tools  General  Merge. Figure 7 (a) shows the vision of the positional 

recordings of all the volunteers. All the 309,263 positional recordings are intensive and highly overlapped in the 

center area; the small enlarged map in Figure 7 (a) illustrates how the positional recordings arrange. 
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Figure 7: (a) Positional recordings from all the volunteers; (b) Tracks from all the volunteers 

4.2 Linking positional recordings to tracks 

We define a trip as the link of all the positions over which the car has travelled following the real road network, 

while a track is defined as the link of those positions that have been recorded by the device. As the device did 

not continuously track the position every second but at most every 30 seconds or five seconds, it is hard to 

examine how the car has moved during this time span. The tracks from the positional recordings are not exactly 

the same as the trips of the real car movements. They can be approximately regarded as the trips on the plane but 

not the real road network.  

Figure 7 (b) shows the tracks of linking the positional recordings sequentially based on the occurrence time. The 

specific procedure is: ArcMap 10.1  ArcToolbox  Data Management Tools  Features  Points To Line.  

4.3 Matching positional recordings to the road network  

The tracks in Figure 7 (b) do not precisely equal to the real trips of the car movements on the road network. 

Firstly, the devices cannot record the positions totally accurately. Secondly, there is error in approximating the 
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linked line of positional recordings as the real trip that cars have travelled. We can increase the frequency of 

recording positions; equip more devices in one car to increase the accuracy of data. However, there will be more 

time consuming, even problematic due to the increase of the control factors. It is better to apply auxiliary 

information which is easy to control and conduct. As we all know that cars should drive on the road network and 

road network is consistent and accurate. We relate the positional recordings to the underlying road network and 

then find the relationships between them. 

A map of the road network of Dalarna was acquired from the National road data base (NVDB) of Sweden. 

Before the matching, a visualization of the tracks and the underlying road network shows that the linked tracks 

are too messy to illustrate the potential relationship. Figure 8 illustrates the result after zooming in the area 

which has the highest density of the tracks.  

 

Figure 8: The density of tracks with the underlying road network before removing single tracks 

One reason of the problem in Figure 8 is that the existence of the single positional recording, which means in the 

linking procedure, the single positional recording does not have the next position to link with and it will generate 

a pseudo line by linking it to any other point randomly. This further shows that it is reasonable to delete these 

single positional recordings.  

Another reason is that some movements of the cars are off the road network due to the error of the recorded data. 

The inaccurate record of the coordinates will cause the tracks deviating from the real positions. The deviation 
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value varies according to the error rate of the recorded coordinates. If all the positions which happened on the 

same locations were recorded correctly and were consistent with the road coordinates, the tracks would be 

highly overlapped. The distance between each track on the same road would be less than 13 meters considering 

the width of the present national two-lane road
3
.  

Some tracks had only been done by one volunteer, which may be caused by the error in recording of the 

coordinates. These single tracks can also be due to the unknown shortcut or illegally driving paths. The choice of 

the travel path varies individually. Usually, drivers would prefer shorter distance and easier path considering the 

fuel consumption and other travelling cost. A driver could take a short cut which is only aware of by him; 

therefore, he can avoid taking the detour and the tortuous locations. A driver can also be guided wrong if he is 

not familiar with the roads; he could drive into dead-end roads and then directly turned around. The reasons are 

complex and difficult to identify. Therefore, we exclude all the single recordings and those tracks which were 

conducted only by one volunteer or had large than 200 meters deviation from the roads. Figure 9 illustrates the 

result after removing the mentioned possible errors. 

 

Figure 9: The highest density of tracks with the underlying road network after removing single tracks 
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A trip as defined above is the link of all the real positions that the car has moved on the road network. If we 

assume that all the cars move along the existed roads, all the positions should be on the road. However, the 

positions that were recorded by the GPS device are not all on the road due to the recording error. As is shown in 

Figure 10, there are positional recordings like a, b, c, d that do not happen on the road. Then the tracks in linking 

these positional recordings would give out a big deviation value. The approximation from the tracks to the trips 

would then have a low precision. 

 

Figure 10: Positional recordings in the road network 

We can join each positional recording to its closest road to rectify the error. In this procedure, 5,071 volunteers’ 

tracks from 306,664 positional recordings are matched with 3,521 road segments. We can join either with the 

Join Data Dialog box or a certain geo processing tool. Spatial Join tool in Arc GIS 10.1 is one of the geo 

processing tools that is recommended rather than the dialog box if the datasets are large or complex, or both. The 

Spatial Join tool will give out better performance and reliability. The specific procedure is: ArcMap 10.1  

Analysis Tools  Overly  Spatial Join. These two methods are both conducted, the dialog box took about 3 

hours to finish one join while the Spatial Join tool took about 1 hour to finish one join. The partial result after 

zooming in the map is given in Figure 11.  
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Figure 11: Frequency of positional recordings on the road network 

 

Figure 12: Variation of velocity on the road network in the very center area of Borlänge 

As we can see from Figure 11 that most of the roads have the number of positions less than 100, which mostly 

happen on the local roads or private streets. The number of positions between 101 and 500 is the second most, 

which mainly take place on the national road. This is due to the load capacity of the roads; the maximum number 
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of positions which are joined to a road is 28,818.  90% of the trips on the plane match the road network within 

the tolerance of 100 meters. It captures the complexity of the real urban travelled movements. We can further 

visualize how average velocities of cars vary on the road network by connecting velocity into a map. The speed 

limit of the car is 40 km/h in the center area of Borlänge, for example, Figure 12 illustrates the variation of speed 

when cars drive on the roads of the very center area. Most of the cars drive within 40 km/h considering the 

pedestrians, road conditions, speed limit and other restrictions.   

 

5. Discussion and Conclusion 

The GPS tracking data is increasingly becoming more popular and important for a broad range of researches and 

applications. The data mining on the same or similar type of data can provide valuable information to discriminate 

travel patterns, derive accurate inference for many areas, such as pollution air emission, construction plan and 

economy policies.   

The GPS tracking data of the travelled positions has been studied in many spheres. Firstly, regarding the human 

mobility, the travel patterns of the movements have been widely studied. Ashbrook et al. (2002) used GPS to learn 

significant locations and predict movement across multiple users. Schönfelder (2002) presented an innovative 

approach to gain GPS longitudinal travel behavior data and described the outline of the post analysis. Shoval et al. 

(2006) explored the implementation of tracking technologies as a tool for gathering data on pedestrian spatial 

behavior. Jia et al. (2012) confirmed the scaling property and identified the Levy flight characteristic of human 

mobility for several aspects by using the GPS tracking data of the car movements. 

Secondly, the geo visualization of transportation movements based on the GPS tracking data is also a developing 

area of interest. Liao et al. (2006) discussed an assisted cognition information technology system that could learn 

personal maps customized for each user and infer his daily activities and movements from raw GPS data. Andrienko 

et al. (2008) studied how the visual displays of data and results of computational processing play an important role in 

promoting man’s perception and cognition. Zheng et al. (2008) proposed an approach based on supervised learning 

to automatically infer transportation mode from raw GPS data. Novak et al. (2013) introduced and discussed the 

potential of mobile phone tracking location data as an alternative data sources to censuses for mapping commuting 

flows and subsequent functional regionalization. 



18 
 

Thirdly, the study of relating GPS tracking data to specific techniques and approaches for urban planning is another 

upcoming area of research (Shoval 2008; Van Schaick 2010). Van der Spek et al. (2009) reviewed the studies of GPS 

tracking data in different spectrums. It concluded that GPS tracking data offers to the movement studies a new layer; 

it also provides insight in processing the actual movements of people. Reades et al. (2009) examined the space-time 

dynamic of urban life for a better understanding of how a city functions, whereas Ahas et al. (2010) identified the 

diurnal rhythm of a city life and its spatial variation in Tallinn. Moreover, Carling et al. (2013) and Jia et al. (2013) 

innovatively studied the induced pollutant emissions of CO2 from car movements by using a GPS tracking data. In 

particular it adds an important dimension to researches in focusing on environment in urban planning. 

The collection of the GPS tracking data could be easily conducted in the field due to the existence of the advanced 

GPS devices. As long as the respondents follow the protocols, the devices are installed correctly and no malfunctions 

show up during the collection phase. The acquired data will have high response and good quality. In this paper, the 

failure rate of the total collected files was around 2% and there were only 73 positional recordings are excluded 

among the total 309, 263 positional recordings. However, the data processing phases are more difficult and full of 

trials and failures. The data processing and data mining are crucial for the further use of this GPS tracking data.  

The technique work tries to exhibit the specific procedures of dealing with the data type of GPS tracking the car 

movements. It fulfills to transform the car-movements into visualized maps. The technique documentation in 

processing the data can be replicated if there are needs to examine the process or to find new variables for a specific 

research question.  

The application of the processed data can be applied to the study areas which are reviewed above but not restricted to 

those. The processed data and the generated maps can be used to investigate the travel pattern of the people. 

Information of pollutants’ emissions can be derived by adapting suitable models. According to the travel density on 

the different roads, it will be helpful for the traffic administration to conduct the maintenance work and come up new 

construction plans. It would be useful for urban planning in locating facilities and infrastructures considering the 

pattern of the car movements.  It can also provide a reference for adjusting and improving the accuracy of the current 

GPS tracking devices and provide new thoughts for the development of the more advanced devices.  

However, there is more work to do base on the current data. The time threshold to define the stops during one trip 

can be varied and then the difference due to this can be compared. From Figure 7 to Figure 8, the reduction of the 

single tracks is mainly based on the manual identification of the tracks, this could delete the tracks which actually 
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happened on the road but deviated due to the error of the recording device. The Euclidean distance underestimates 

the real distance of the car movements. There could be additional devices to keep track of the distance. The time 

interval of the GPS device can be adjusted to compare the difference of the data. More volunteers can be recruited so 

that the residential distribution of the volunteers can be a better miniature of the distribution of all the residents.  

Different types of vehicles can be sampled and then the movements can be studied. 
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