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Abstract

The installation of the facilities such as escalator, retail shop and so on has a great impact on the passengers’ flow in the transfer railway station. Therefore, in the planning stage of the transfer railway station improvement, it is very important to examine the arrangement of facilities. The simulation model which reproduces the complex passenger’s walking behavior enables the examination as to the arrangement of these facilities in the planning stage. The study aims to develop the reproducible simulation model for the passenger’s walking behavior based on the actual data acquired from video images.
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1. Introduction

The railway network in the Tokyo Metropolitan Area (TMA) has been formed very densely. Therefore approximately 350 transfer stations exist in the network. These transfer stations are crowded in not only morning rush hour but also daytime. Recently, the railway companies actively install the barrier-free facilities such as escalator and elevator in the transfer stations, because the ratio of the aged in railway passengers is gradually increasing. On the other hand, the various retail shops are installed in the transfer stations, too. This is one of the reasons that the railway passengers are gradually decreasing along with the reduction of Japanese population. The railway companies are trying to find a new income base through retail business in the railway stations.
Although these improvements contribute to the removal of the physical barriers and the creating an amusement in the transfer station, these give rise to the new problems such as the crowds near the entrance of the barrier-free facilities and the crossing of passengers’ flow. Therefore, in the planning stage of the transfer railway station improvement, it is very important to examine the arrangement of facilities. 
The simulation model which reproduces the complex passenger’s walking behavior enables the examination as to the arrangement of these facilities in the planning stage. Up to now, a lot of simulation models for the passenger’s walking behavior in the railway station have been developed. The reproduction accuracy of these simulation models has been verified by macroscopic characteristics of passengers’ flow such as walking speed distribution. However, for planning the transfer station which has various facilities, microscopic reproduction accuracy such as each passenger walking behavior is needed, too.
The study is placed the first step for the development of simulation model which has high reproduction accuracy as to the walking behavior of passengers whose purpose is just transfer. Therefore, the study (1) focuses on the two-way passengers’ flow at the transfer railway station, (2) obtains the individual passenger’s walking behavioral data from the video images with the help of the image processing technique, (3) develops the simulation model for passenger walking behavior and (4) verifies the reproduction accuracy of the simulation model by means of actual passenger walking behavioral data.

2. Passengers’ flow survey using video cameras
The survey of passengers’ flow using video cameras was conducted in Kasukabe station from 6:30 to 20:00 on 19 and 20 October in 2003. Kasukabe station is located in the northeast of the TMA as shown in Figure1, which is the transfer station between Tobu Noda-Line and Tobu Isesaki-Line. The number of passengers per day is approximately 67,000 and transfer passengers between 2 lines are approximately 13,000 during the morning rush hour periods. In the survey, 32 video cameras were set on the ceiling of concourses, the stairways, the platforms and the ticket gates. Figure2 shows the location of video cameras in Kasukabe station. Figure3 shows the video images of the passengers’ flow in Kasukabe Station acquired by the survey.

3. Acquisition of Passenger walking behavioral data
The 3 dimensional position data (i.e., Pi (x, y, t)) are used as the passenger’s walking behavioral data in this analysis. The data are acquired from video images with the help of the image processing technique. The acquisition method of the data is as follows: (1) video images are imported to a PC as video files (AVI format), and they are divided into frames (BMP format) at intervals of 0.5 second by the image processing; (2) the position of passenger’s head is dotted; (3) the background of the video image is completely erased except for dotted parts, which are executed by an application of “Image-Pro Plus”; (4) remained dots corresponding to the passengers’ positions are converted into the trajectories by using adjacent video images successively; (5) the trajectories drawn up by the previous process are converted into practical coordinate by the Affine transformation. The reason why the dividing frame interval is 0.5 second is that 0.5 second is the needed time Japanese manhood man walks around 1 step. The average walking speed and the walking stride of Japanese manhood man are 1.2-1.5m/s and 0.75m. Figure4 shows the flow of the acquisition of passenger’s walking behavioral data.
4. Development of simulation model for two-way passengers’ flow
4.1 Simulation model rule set

  The study tries to develop the simulation model which has the high reproduction accuracy of the walking behavior in two-way passengers’ flow. The simulation model applies the cellular automata (CA) method. The walking space on the north concourse is divided into cells which are 20 centimeters square. The passenger is expressed by 9 cells: 60 centimeters square. This passenger’s size is decided based on the study of John.J.Fruin, the foremost author in the field of the research of pedestrian, who defined most pedestrians’ shoulder width as 60 centimeters. The passenger’s possible walking range every time step (0.5 second) is defined by passenger’s walking speed. Figure5 shows the example as to the possible walking range of passenger whose walking speed is 2.00 m/s.

  Each cell is assigned three types “potential”. The first potential is termed “the friction potential” in this paper. It is thinkable that the friction potential in each cell is caused by the position and walking speed of passengers. We define the friction potential as follows:
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Where τik is the friction potential which is caused in cell k by passenger i, ui is the walking speed of passenger i, and dik is the straight distance between passenger i and cell k.

The second potential is termed “the direction potential” in this paper. The initial value of this potential is 1. Some previous studies have explained that the pedestrian tends to keep his/her direction of the movement. Therefore, cells, located on the direction of the movement in the possible walking range, are multiplied a parameter.
The third potential is termed “the destination potential” in this paper. The initial value of this potential is 1. Some previous studies have explained that the pedestrian has the destination directivity, too. Thus, cells, which are located on the direction of destination in the possible walking range, are multiplied a parameter. The direction potential’s parameter and the destination potential’s parameter are determined by the iteration.
  The passenger chooses the cell which has the smallest value which is sum of the three potentials and his/her center of body moves to the cell.

4.2 Verification of the reproduction of simulation model

  The reproduction accuracy of simulation model is evaluated by the degree of agreement of the actual position and the estimated position. The study focuses on the complex passenger’s walking behavior. The crossing phenomena are observed on the north side concourse. These phenomena are caused between the crossing pedestrian, who goes to the platform of Noda-Line from west gate, and the oncoming pedestrian, who goes to the west gate. Then the study applies the scenes that have crossing phenomena for verification of the reproduction accuracy of the simulation model. We acquired 37 scenes, which have crossing pedestrians, between 7:00 AM and 9:00 AM on a working day (October 20). 

  Figure6 and Figure7 are the results that have the highest reproduction accuracy in iteration. The direction potential’s parameter is 0.24 and the destination potential’s parameter is 0.80. Figure6 shows the reproduction accuracy of the positions each time step of pedestrians except crossing pedestrians. The reproduction accuracy of the simulation model, which has the error of 1 person’s size as a tolerance, is about 74%. On the other hand, Figure7 shows the reproduction accuracy of the positions of crossing passengers on each time step. The reproduction accuracy of the simulation model for crossing passengers is about 46%. It is difficult to say that the reproduction accuracy of the positions of crossing passengers is high.
 Here we discuss the problem to be solved for improvement of the reproduction accuracy of the simulation model. Figure8 shows the comparison between actual trajectory and estimated trajectory. This scene has two crossing passengers, one of whom is following the forward crossing passenger (refer to Figure9). Although the error occurs on each time step, the shape of the estimated trajectory is similar to the actual trajectory. It means that the adjustment of passengers’ walking speed is not enough reproduced. In other words, it is necessary to reconsider the way to set the possible walking range and the friction potential which includes the walking speed variable.
5. Summary and future research

The study aims to develop the reproducible simulation model for the passenger’s walking behavior at transfer railway station. We have 3 problems to be solved for realization of the goal. Those are (1) to develop the acquisition method of passenger’s walking behavior data at transfer station, (2) to reproduce the walking behavior of passengers whose purpose is just transfer and (3) to reproduce the walking behavior of passengers who stop in some retail shops in transfer station.
We were engaged in the first two problems and obtained three results in this paper. Firstly, we developed the acquisition method of passenger’s walking behavioral data from video images by means of the image processing technique. Up to now, the actual passenger’s walking behavioral data have not been sufficiently obtained. This newly developed method will contribute to the acquisition of many passengers’ walking behavioral data. Secondly, we developed the simulation model for passenger walking behavior incorporated with three types potential; the friction potential, the direction potential and the destination potential. Thirdly, we verified the reproduction accuracy of the simulation model by means of the actual passenger’s walking behavioral data. However it is difficult to say that the reproduction accuracy is high. The reason why the reproduction accuracy is low is that the adjustment of walking speed has not been enough reproduced. In the future research, we will focus on setting the possible walking range and the friction potential which includes the walking speed variable.
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Captions to illustrations

Figure1. Location of Kasukabe station
Figure2. Location of video cameras in Kasukabe station
Figure3. Examples of the passengers’ flow in Kasukabe station

Figure4. Obtaining method of 3 dimensional position data
Figure5. Walking possible range
Figure6. The reproduction of position of going straight passengers by each time step

Figure7. The reproduction of position of crossing passengers by each time step

Figure8. The comparison with actual trajectories and estimated trajectories

Figure9. The video images of Figure.8
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Trajectories drawn up by the previous process are converted into practical coordinate by the Affine transformation.





Remained dots corresponding to the passengers’ position are converted into the trajectories by using adjacent video images successively.
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