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Abstract 

The trajectories of moving object include useful information on the traffic situation and 

user behavior. The visualization of vehicle trajectories aims to provide enhanced 

understanding of the given data. Recently, technological advances in the satellite tracking 

system and handheld device facilitated personal log tracking which shows different properties 

compared to the trajectories of motor-assisted vehicles. In this study, we propose a trajectory 

visualization method based on the density map which highlights the areas where the 

trajectories with different kinematic properties are intersecting each other. The proposed 

method divides trajectories into several groups according to the kinematic properties of the 

given trajectories and generates the density map for each group. Based on the density map, 

the intersection map which visualizes the area that the groups are intersecting was 

constructed. The intersection map was combined with the density map to show the influence 

of the intersected area. In order to evaluate proposed method, we collected the bicycle 

trajectories and visualized them. The results showed that our visualization method was able 

to provide some visual insights which is hard to be noted from previously proposed 

visualization methods. 

 

Keywords: Trajectory visualization, Density map, GPS, Bicycle 

 

1. Introduction 

The trajectory of the vehicle contains valuable data on real time traffic which is not shown 

on a map, and it has been widely studied in transportation research field to analyze the traffic 

environments, vehicle status, and user behaviors [4-6].  In order to assist the vehicle trajectory 

analysis, researchers on information visualization suggested some trajectory visualization 

methods which emphasize the meaningful features of the trajectories in various ways [1, 2]. 

Most of the previously proposed trajectory visualization methods were focused on the travel 

path of motor vehicles (i.e. motor vehicle, airplane, and vessel) because of technical 

limitations. However, as the technology of the satellite tracking system and handheld device 

improved and came into wide use, it became easy and popular to collect the travel log from 

daily lives. 

The travel trajectories are different for the transportation modes [3]. Suppose a pedestrian, 

bicycle, and motor vehicle traveled on a same section of a street. Their trajectory outlines 

could be similar. However because of their different behaviors, the kinematic properties (i.e. 

speed, acceleration, and heading direction) and the detail of the moving trajectories will be 

dissimilar to others. In this paper, we propose a trajectory visualization method which is 
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proper to visualize objects with a complex travel path and overlapping each other. In order to 

support the understanding of the trajectories, the proposed method divides the trajectories 

according to the kinematic properties and generates a density map for each trajectory group. 

The main contribution of this study is to visualize the differences and similarities among the 

density maps generated based on the trajectory groups and provide information concerning 

the interaction among the trajectories. The intersection between density maps was examined 

and utilized as a different type of density map. The proposed method was applied to the 

visualization of the bicycle trajectories collected from a segregated bicycle track. 

Detail of the proposed method and implementation will be shown in Section 2. The 

experimental visualization results will be shown in Section 3. In Section 4, we draw 

conclusions and suggest future work. 

 

2. Method 

The proposed method divides the trajectories into several groups according to the 

kinematic properties of the trajectory points. The kinematic properties can be speed, 

acceleration, or heading direction.  

 

 

Figure 1. Kinematic properties of trajectory points 
 

Figure 1 shows the kinematic properties which can be calculated with trajectory 

points. p1-4 denotes the positions of the trajectory points and h1-3 show the heading 

directions at each positions. The differences between two adjusting heading directions 

are shown as hc1-2.  

With the divided trajectories, the density maps were generated for each group with 

the kernel density estimation. The Gaussian density kernel was applied to construct the 

density map. After the density map generated, the intersection map which represents the 

intersection area among the density maps was generated. 

(1) 
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Equation (1) shows the building process of the intersection map. i(x,y) denotes the 

value of intersection map at the position of x and y, and d(i, x, y) is that of the density map 

with group number i. In order to highlight the intersection map values and provide more 

effective visual information, the intersection map was combined with the density map. 

The value of the intersection map was subtracted from (rsubtract) or added to (radd) that of 

the density map. 

(2) 

 

 

3. Experiments 

The proposed method was applied to bicycle trajectories collected from the segregated 

bicycle track in Seoul. Collected trajectories were divided into two groups according to their 

heading direction which was noted as h1-3 in Figure 1. Figure 2 shows the density map of 

entire bicycle trajectories. The color gradient changing from green to red shows the density of 

bicycles.  

 

 

Figure 2. Density map of bicycle trajectories 

 

Figure 3 and 4 show the example of the experimental results. These figures show detailed 

visualization of marked “A” area on the Figure 1. The marked area is one of the most crowd 

bicycle paths. The trajectories collected from area A were divided into ‘East to west’ and 

‘West to east’ groups. From the top-right image of Figure 3, highly intersected trajectories 

can be found on the corners. These trajectories were also extracted to the intersection map 

(image B in the figure). From the intersection map, we can find the area with high density 

which can be interpreted as the area with many bicycles moving in the opposite directions. 
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Figure 3. Density map of marked area in Figure 1 (A: density map of whole 
trajectories, B: intersection map, C: density map of group 1, D: density map of 

group 2) 
 

The combinations of density map and intersection map are shown on the Figure 4. The 

images on Figure 4 visually indicate the effect of the intersected trajectories. From these 

images, we can compare position and distribution of the intersected trajectories with other 

trajectories, and so the influences between trajectories on the opposite directions can be 

estimated 

 

 

Figure 4. Density maps combined with the intersection map (A, B: intersection 
map added to group 1 and 2 density map, C, B: intersection map subtracted 

from group 1 and 2 density map) 
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The high density area which colored purple to red was about 5% of the whole inspected 

track. In order to find the extract more meaningful information from the density and 

intersection map, such as the relationship with bicycle crash risk or safety information, further 

investigations are needed. 

 

4. Conclusion 

In this paper, we proposed a density map visualization method for low speed and 

intersecting trajectories. The proposed method focused on the fact that the kinematic 

properties of the low speed objects are more complex than those of the fast speed objects such 

as a motor vehicle, airplane and vessel. Based on this idea, we divided the trajectories into 

several groups based on the kinematic properties of the trajectory points. With the grouped 

trajectories the density maps were constructed. Based on the density maps, the intersection 

map which shows the intersecting area among the density maps was generated and combined 

with the density maps to provide more effective visual information. The proposed method 

was tested with the bicycle trajectories, and showed its usefulness to find the high density 

areas. 

For the future work, we will attempt the relation between the bicycle crash risk and the 

high density areas. Several risk analysis models will be utilized with the crash spot 

information. 

 

Acknowledgements 

This research is supported by Ministry of Culture, Sports and Tourism (MCST) and Korea Creative 

Content Agency (KOCCA) in the Culture Technology (CT) Research & Development Program. 

 

References 

 

[1]  O.  Hauser and D. Lampe, “Interactive Visualization of Streaming Data with Kernel Density Estimation”, In 

Proceedings of IEEE Pacific Visualization Symposium, (2011). 

[2]  R. Scheepens, N. Willems, H. van de Wetering, G. Andrienko, N. Andrienko and J. J. van Wijk, “Composite 

Density Maps for Multivariate Trajectories”, IEEE Transactions on Visualization and Computer Graphics, vol. 

17, no. 12, (2011), pp. 2518-2527. 

[3]  Y. Zheng, L. Wang, R. Zhang, X. Xie and W. Y. Ma, “GeoLife: Managing and understanding your past life 

over maps”, In Proceedings of the 9th International Conference on Mobile Data Management. IEEE Press, 

(2008), pp. 211–212. 

[4]  J. Dill and J. Gliebe, “Understanding and Measuring Bicycling Behavior: A Focus on Travel Time and Route 

Choice”, OTREC-RR-08-03 Final Report, (2008). 

[5]  R. Buhueler and J. Pucher, “Cycling to Work in 90 Large American Cities: New Evidence on the Role of 

Bike Paths and Lanes”, Transportation, vol. 39, no. 2, (2011), pp. 409-432. 

[6]  G. Agamemnoni, J. I. Nieto and E. M. Nebot, “Robust Inference of Principal Road Paths for Intelligent 

Transportation Systems”, IEEE Transactions on Intelligent Transportation Systems, vol. 12, no. 1, (2011), pp. 

298-308. 

 



International Journal of Control and Automation 

Vol.7, No.3 (2014) 

 

 

332                    Copyright ⓒ 2014 SERSC 

 

Authors 

 

Dongwook Lee 

Dongwook Lee obtained his master's degree from the School of 

Information and Communication, KAIST in 2006. He is currently a Ph. 

D. student under the supervision of Prof. Minsoo Hahn. His research is 

centered on GPS based information retrieval and visualization. 

 

 

 

 

Jinsul Kim 

Jinsul Kim is a professor of Electronic and Computer Engineering 

at Chonnam University. He earned his Ph.D degree from the School 

of Information and Communication, KAIST, 2008. He is interested in 

communication, internet television, ubiquitous computing and HCI. 

 

 

 

 

Minsoo Hahn 

Minsoo Hahn is a professor of Electrical Engineering, KAIST and a 

director of Digital Media Lab, KAIST. The current research interests in 

Professor Hahn’s group include: (1) Digital Media (2) Human Computer 

Interaction; and (3) Smart Home. 

 

 

 


