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Abstract

  In this paper, the effects of the existence of the pedestrian signal at the intersection towards the drivers in the snowy season were evaluated. Existence of signal for pedestrians makes driver eased, because it is able to understand the change of traffic signal for vehicles by checking the change of traffic signal for pedestrians. It is important to decrease their speed from early on, not to make traffic accident in the slippy road condition in the snowy season. The result shows that the installation of signal for pedestrians is effective at the intersection.
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1. Introduction

  The trend in society toward a greater dependence on motor vehicles in recent years, has ensured a continual increase in the volume of automobile traffic. As a result, there have been increases in traffic accidents and traffic congestion, and a deterioration in the residential and natural environments caused by an increase in the noise and vibration produced by vehicles, and an increase in exhaust gas. Several problems associated with highway traffic are becoming increasingly serious.

  Focusing on the problem of traffic accidents, the number of people killed in accidents in Japan has been decreasing since 1992. In 2005 the number of people killed was 6,871, falling below 7,000 for the first time since 1956. The principal reasons for this reduction are believed to be the following.

(1)
Relevant laws have been strengthened, the proportion of drivers and passengers wearing seat belts has increased, and greater responsibility has been placed on the driver.

(2)
Cars produced in recent years are safer in collisions, having systems that improve safety and assist the driver, such as antilock braking systems, brake assistance, and stability control systems.

  However, even though the number of people killed in traffic accidents has been decreasing, the number of accidents and the number of people injured in accidents have been continuously increasing since 1990. Although the rate of increase has been decreasing since 2002, the increase is still considered to be a problem. Accordingly, it is clear that measures must be taken to reduce the number of accidents.

  Approximately 60% of accidents each year occur at or near intersections. And about 60% of accidents at intersections are rear-end collisions and collisions between vehicles entering the intersection at right angles to one another. One measure that has been proposed to prevent accidents at and near intersections is to use signals to control traffic. However, even at intersections which have signals, rear-end collisions still occur when the signals change if a car reduces speed with the intention of stopping while the car behind attempts to drive through the signal. There is also a danger situation that if the driver is unable to respond quickly enough to the change of signal, he will enter the intersection and collide with a car crossing through the intersection at right angles to him.

  One method that has been proposed to solve these problems is dilemma control (Saito (1994)). Dilemma control is used to reduce the number of rear-end collisions that occur just after a yellow signal ends and also the number of collisions between cars entering an intersection at right angles to one another when a car enters an intersection during a red light, during low traffic periods. However, this method is difficult to apply during periods when traffic is not low. In addition, there is the problem that areas where dilemma control can be applied are different from the areas of highest risk. Research on this problem is continuing.

  We believe that in order to avoid accidents in the vicinity of intersections it is important for drivers to be able to be able to confirm whether pedestrian signals are flashing green or is red, and to confirm the waiting time of the signal. The reason for this is that prior knowledge of the signal timing gives the driver sufficient time to decide whether to pass through the intersection or to stop, reducing the need to take sudden action.

  Here, we would like to consider the situation for a cold snowy area. In winter, in a cold snowy area, compressed snow and ice on roads, formation of ruts, a reduction in visibility in blizzards, etc. deteriorate the road surface environment. Considering the situation in Akita Prefecture that locates north in Japan in January 2003, there were 443 traffic accidents, of which 166 (about 40%) were caused by slipping. From these figures we can conclude that when brakes are applied suddenly under winter road surface conditions in response to a signal change there is a high risk of slipping occurring, and the danger is greater than on a dry road surface. Consequently, we believe that when a vehicle passes through an intersection, information obtained from pedestrian signals on when the signal will change has a favorable effect on the driver's judgment on whether to pass through the intersection or to stop.

  Based on the above facts, it is necessary to determine how favorable an effect the presence of pedestrian signals has on vehicles passing through an intersection. In the present study, we initially assume that the information obtained on signal timing has an important effect, particularly in the snowy season; we then determine the behavior of cars when the signal changes, particularly the driver's judgment regarding speed and whether to stop or to pass through the intersection; and we evaluate safety in terms of reducing the number of accidents that occur in intersections when signals change.

2. The relation of the present research to previous research

  The present research focuses on the effect of pedestrian signals on driver response; previous research is reviewed and the context of the present research is clarified.

  Previous research on reducing traffic accidents in intersections when the signal changes includes the work of Kataoka et al. (2005), who analyzed factors that affect a driver's stopping judgment at an intersection that has a traffic signal. This research focused on a right-angle intersection having a signal and involving at least one road that has two lanes in both directions and a right-turn-only lane. The study analyzed the effects of signal change timing, the effect of the driver's judgment regarding whether to stop or to pass through the intersection, the presence or absence of a vehicle making a right turn in the opposite direction and data collected by measuring vehicle speed near the stop line. The results clearly showed that all vehicles in what is termed the “Dilemma Zone” choose to pass through the intersection; it was confirmed that what are termed the “Different Zone” and the “Dilemma Option Zone” are not necessarily the same. The study focused on the Dilemma Zone and the Option Zone, and did not consider the effect of the pedestrian signals.

  Miyata et al. (2001) considered the effect of pedestrian signals, focusing on driver response when the signal changes. Their objective was to test the hypothesis that, “when pedestrian signals start to flash green or red, if the time until the vehicle signal turns yellow or red is increased, the fluctuation in the speeding up or slowing down behavior increases”. They observed driver response at an intersection, focusing on vehicle speed and trajectory when approaching and crossing the stop line. However, this study focused on only a single location, namely an intersection having pedestrian signals; it did not analyze driver response at differently shaped intersections or at intersections both with and without pedestrian signals.

  Based on the above study, Goto et al. (2004) conducted research to compare the difference in driver response at intersections of different shapes and at intersections both with and without pedestrian signals. In this study, in order to determine the effect of pedestrian signals on driver response, intersections both with and without pedestrian signals were studied and analyzed. The results revealed that pedestrian signals assist a driver who encounters a yellow vehicle signal to avoid indecision regarding whether to pass through the intersection or to stop. However, the analysis did not incorporate the effects of the snowy season.

  This study builds on the research described above and attempts to determine the effect of pedestrian signals on driver response during the snowy season, and to evaluate the possibility of reducing accidents by considering driver behavior in an intersection when the signal changes.

3. The effect of pedestrian signals

  In this section we consider driver response at intersections with and without pedestrian signals.

  At an intersection that has pedestrian signals, a change in the pedestrian signals to flashing green or red permits the imminent change in the vehicle signal to be predicted. Since the driver can predict the timing of the signal change, his decision as to whether to pass through the intersection or to stop can be made based on experience well before the vehicle signal turns yellow. We expected that this additional time for deciding would mean that a driver who decides to pass through the intersection can do so without speeding up, while a driver who decides to stop would rarely have to brake suddenly in the vicinity of the stop line, but would be able to decelerate gradually after checking the yellow signal.

  In contrast, at an intersection that does not have pedestrian signals, the vehicle signal turns yellow without warning, so that when the signal changes the driver is forced to make a sudden decision as to whether to pass through the intersection or to stop. The only leeway the driver has is the duration of the yellow signal, so the decision as to whether to pass through the intersection or to stop depends on the driver’s own intuition. We would expect the behavior observed at an intersection to include cases of sudden braking and passing through the intersection even after the vehicle signals have turned red.

  In particular, during the snowy season, when the road surface is covered with compressed snow and/or ice, sudden braking near an intersection is very dangerous, so it is even more important to have adequate time for deciding whether to pass through the intersection or to stop.
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Fig. 1.  Effect of pedestrian signals

4. Overview of the analyzed data

  Factors that affect the traffic flow include road width, slope, the geometry of the road (including how straight it is), time interval between signals, traffic conditions (including the traffic volume) and road surface conditions such as whether the road is dry, wet or covered with snow. Out of these factors, the present study focuses on the snowy season when the road surface is slippery and analyzes the effect of the presence or absence of pedestrian signals and of the number of lanes at intersections that have similar road layouts, such as the slope and straightness of the roads, and similar time intervals between signals. In order to obtain large quantities of data, data was collected during the morning commuter rush hour when traffic was heavy.

  Four intersections were studied in this study: “Kami Kitade”，which has two lanes in each direction and has pedestrian signals; “Shimo Kitade”, which has two lanes in each direction but no pedestrian signals; “Silver Area”, which has one lane in each direction and has pedestrian signals; and “Kami Shinjo”, which has one lane in each direction and there are no pedestrian signals. The data used was collected during the snowy season, under similar weather and road surface conditions.

  This study focuses on the effect of the presence of pedestrian signals on driver response at the time when the signals change. We expected that a change in the timing of the pedestrian signal from steady green, flashing green and steady red would affect driver response. The signal timings of the two intersections that had pedestrian signals studied in this study included a 4-sec period during which the pedestrian signals flashed green, and a 2-sec delay between when the pedestrian signals become steady red to when the vehicle signal changes to yellow. Information about the intersection is summarized in Table 1.

Table 1  Outline of intersections surveyed

	
	Kami Kitade
	Shimo Kitade
	Silver

Area
	Kami Shinjo

	Structure
	2 lanes

with ped-signal
	2 lanes

without ped-signal
	1 lane

with ped-signal
	1 lane

without ped-signal

	yellow time (car)
	3 sec
	4 sec
	3 sec
	3sec

	flushing time (ped)
	4 sec
	
	4 sec
	

	duration

ped to car
	2 sec
	
	2 sec
	


  Data was selected for analysis for cases in which there was at least one vehicle within 100m of the stop line when the vehicle signal turned yellow. In this case the respective speeds of both vehicles that passed through the intersection and vehicles that stopped, and the vehicle positions when the change of the signal to yellow occurred, were analyzed. Vehicles that turned right or left, which naturally reduce speed prior to turning, and vehicles that were forced to reduce by the preceding vehicle, were excluded from the analysis. Only vehicles at the head of a group of vehicles and that proceeded straight through the intersection, without being affected by other vehicles, were considered. The conditions at the intersections that were studied are shown in the Table 2.

Table 2  Outline of the Data

	
	Kami Kitade
	Shimo Kitade
	Silver

Area
	Kami Shinjo

	Date
	2003/12/21

7am-10am
	2004/01/09

7am-10am
	2003/12/10

7am-10am
	2004/01/11

7am-10am

	Weather
	cloudy
	cloudy
	Cloudy
	snowy

	road condition
	compacted snow
	compacted snow
	compacted snow
	icy

	traffic flow
	972
	762
	1806
	564

	Samples
	35
	28
	29
	32

	passed car
	17
	15
	12
	10

	stopped car
	18
	13
	17
	22


5. Driver response when the signal changes

  In this section, we clarify the characteristics of each intersection, using the position of each vehicle when the signal changes, the speed at which each vehicle passed through the intersection or the time it took it to stop, based on the data obtained in the survey.
5.1. Distribution of vehicle positions and speeds when the signal changes

  The distribution of the distances of vehicles from the stop line when the signal turned yellow is shown in Fig. 2. From this figure it is clear that the distribution of vehicles that passed through the intersection (shown by the dotted line) lies to the left of the distribution of vehicles that stopped, shown by the solid line, regardless of the number of lanes or whether there was a pedestrian signal or not.
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Fig. 2.  Distribution of vehicle positions

  Meanwhile, from Fig. 3, which shows the distribution of vehicle speeds at the time the signals turned yellow, although overall the vehicles that stopped (shown by the solid line) were traveling at slower speeds, the difference is not large enough to be significant. This is believed to be because, even if, for example, a vehicle was traveling at a slow speed, if it was already close to the intersection the driver tended to continue going rather than stopping. Consequently, it appears that distance from the stop line has a significant effect on the driver's decision regarding whether to continue going or to stop.
[image: image3.emf]0%

10%

20%

30%

40%

50%

60%

70%

80%

10 20 30 40 50 60 70 80 90 100

speed (km/h)

pass (w/ ped-sig) 2lane stop (w/ ped-sig) 2lane

pass (w/o ped-sig) 2lane stop (w/o ped-sig) 2lane

pass (w/ ped-sig) 1lane stop (w/ ped-sig) 1lane

pass (w/o ped-sig) 1lane stop (w/o ped-sig) 1lane


Fig. 3.  Distribution of vehicle speed

5.2. Positions and speeds of vehicles when the signals changed

  From the distributions of the speeds of the vehicles that continued going and stopped that were discussed in the preceding section, we determined the respective average values.

  Fig. 4 shows the distances of vehicles from the stop line and their speeds on a one-lane road at the time when the signals changed. The bars in the figure represent the standard deviations from the average values.

  Comparing the average speeds of vehicles that passed through the intersection with the speeds of those that stopped, while it is apparent that vehicles that stopped were traveling at slower speeds, the differences were not great. In contrast, there was a large difference in the distances from the stop line.

  Next, comparing intersections with and without pedestrian signals, the speeds of vehicles that continued going and those of vehicles that stopped were slower at intersections having pedestrian signals, demonstrating that pedestrian signals permitted drivers to predict that the vehicle signal was about to change, causing drivers to slow down.

  Regarding distance from the stop line, it is clear that at intersections having pedestrian signals, the difference in the distance between vehicles that continued going and vehicles that stopped was slight. That is to say, at intersections having pedestrian signals, it appears that the presence of pedestrian signals makes it easier for the driver to decide whether to continue going or to stop. Furthermore, it appears that the decision regarding whether to continue going or to stop can be made safely, even close to the intersection, at an intersection that has pedestrian signals.
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Fig. 4.  Distance from the stop line and speed at singal change (1 lane)

  Fig. 5 shows vehicle distances from the stop line and their speeds at the time the signals changed on the roads that have two lanes in each direction. As in the case of Fig. 4, the bars in the figure represent the standard deviations from the average values.

  Comparing the average speeds of vehicles that continued going with those that stopped, we confirmed that the speeds of the vehicles which stopped were slower on a road having two lanes in each direction than on a road with one lane in each direction. We also confirmed that speeds were slower at an intersection having pedestrian signals. However, there was a smaller reduction in speed for roads having one lane in each direction, demonstrating the effectiveness of having pedestrian signals on a road with two lanes in each direction. Meanwhile, considering the data for the distance from the stop line, it can be seen that there was a large difference between vehicles that continued going and vehicles that stopped.

  Next, looking at the difference between cases with and without pedestrian signals, whereas the distances of vehicles that continued going through the intersection showed practically no difference between the cases with and without pedestrian signals, the distances from the stop line of vehicles that stopped differed greatly depending on whether or not there were pedestrian signals. That is to say, at intersections between roads having two lanes in each direction without pedestrian signals, if the drivers are not able to confirm the change of signal from a sufficiently great distance, they will not be able to stop safely.

  By performing this analysis, we have made it clear that (1) on a road with two lanes in each direction, the presence of pedestrian signals is effective in reducing speeds; and (2) in both the case of a road with one lane in each direction and that of a road with two lanes in each direction, the existence of pedestrian signals increases the spatial resolution with regard to passing through or stopping.
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Fig. 5.  Distance from the stop line and speed at singal change (2 lanes)

  Based on the comparison between the averages that have been presented thus far, we looked at the differences between average values, specifically at (1) differences in speed and distance of vehicles that continued going and that stopped at each intersection; and (2) differences in speed and distance between vehicles that continued going and that stopped depending on whether or not the intersection had pedestrian signals. Regarding (1), the difference in distance was significant (1% significance) at every intersection, while with regard to (2), we found that differences of both speed and distance were small (1% significance) for vehicles that stopped at an intersection that had pedestrian signals.

6. Analysis of driver response when the signal changes
  In the preceding section, we looked at overall driver response for different signal and road conditions. In this section we look at changes in the speeds of vehicles that continued going and vehicles that stopped up until they reached the intersection, and using this information we analyze and discuss the decision about whether to continue going or to stop. That is to say, we clarify the effect of whether or not there are pedestrian signals and the shape of the intersection (the number of lanes in each direction) on driver response, specifically on the decision as to whether to continue going or to stop.

6.1 Change of speed when the signal changes (road with one lane in each direction)

  Fig. 6 shows the average change in speed when the signal changes during the snowy season. Overall, there was no great difference observed in the speeds of vehicles that continued going when there was a change in the signal and when the signal remained the same. However, the speeds of vehicles that stopped tended to slow down as they approached the intersection.

  Looking at changes in the speed of vehicles that continued going through the intersection at intersections without pedestrian signals, the change was characterized by a reduction in speed when the intersection was approached. This is because as the intersection is approached, the driver finds it more difficult to decide whether to continue going or to stop when the signal turns yellow; slowing down permits the decision as to whether to continue going or to stop to be made more carefully.

  Looking at the speed changes of vehicles that stopped, at intersections with pedestrian signals the driver was able to decelerate gradually, but at intersections without pedestrian signals deceleration tended to be more sudden. That is to say, this demonstrates that where there are pedestrian signals, the change in the vehicle signal can be anticipated and the driver can commence decelerating from farther out, making it easier to avoid sudden deceleration as the intersection is approached.
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Fig. 6.  Change in speed (1 lanes)

  Fig. 7 shows the change in acceleration on a road with one lane in each direction. It shows that there are no large changes in the accelerations of vehicles that continue going, while vehicles that stop show decreases in acceleration (increases in absolute value) just before the intersection is reached.

  Focusing attention on vehicles that stopped, whereas at intersections with pedestrian signals vehicles decelerated gradually up to the 10m position, at intersections without pedestrian signals deceleration was sudden from the 20m position. This is believed to be because of the effect of road surface conditions of the snowy season and because of a difference in the effect of the driver's judgment. Drivers who had more time to decide whether to continue going or to stop because of the presence of pedestrian signals were able to slow down to a safe speed at intersections where the road surface was slippery. Conversely, drivers who did not have this leeway had to pass through the intersection as quickly as possible to avoid making sudden stops.

[image: image7.emf]-0.12

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

0.02

90 80 70 60 50 40 30 20 10 0

distance from the stop line (m)

average acceleration (m/s

2

)

pass (with ped-

signal)

stop (with ped-

signal)

pass (without

ped-signal)

stop (without

ped-signal)


Fig. 7.  Change in acceleration (1 lane)

6.2 Speed change when the signal changes (roads with two lanes in each direction)

  In this section, we determine the driver response on a road with two lanes in each direction. In Japan a road with two lanes in each direction is an important trunk highway that connects major regions. There is more traffic than on a road with one lane in each direction, and traveling speeds are faster. In addition, a driver has to pay attention to many things, including other vehicles traveling in the same direction in the adjacent lane. We now look at the effect that pedestrian signals have on a road with two lanes in each direction.

  Fig. 8 shows the average speed change when a signal changes during the snowy season. It shows that, as is the case of a road with one lane in each direction, the speed of vehicles that continue going remains nearly constant; while the speed of vehicles that stop tends to decrease as they approach the intersection.

  Comparing the speed distributions for vehicles that pass through the intersection and those that stop, it can be seen that, as in the case of a road with one lane in each direction, for vehicles that continue going there is no change in speed at intersections with pedestrian signals; the vehicles tend to continue going through the intersections at the same speed. Meanwhile, at intersections without pedestrian signals, the vehicle’s speed starts to decrease from 30m in front of the intersection. This is believed to be because, as in the case of a road with one lane in each direction, drivers vary widely in their reactions to the sudden change of the vehicle signal. From the above facts, we believe that at intersections where there are pedestrian signals, they permit the driver to anticipate a change in the vehicle signal, thus stabilizing vehicle speeds.

  Regarding vehicles that stop, although they tend to decelerate from a considerable distance from the intersection in both cases, we have confirmed that deceleration occurs suddenly at a position 60m from the stop line at intersections with pedestrian signals, compared to 40m at intersections without pedestrian signals. It can be seen that, at intersections with pedestrian signals, drivers starts to decelerate in advance, while at intersections without pedestrian signals, when the vehicle signal changes drivers are forced to decelerate suddenly.
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Fig. 8.  Change in speed (2 lanes)

  Fig. 9 shows the change in acceleration on a road with two lanes in each direction. As in the case of a road with one lane in each direction, the change in speed of vehicles that continue going through the intersection is nearly constant, while the speed of vehicles that stop decreases approaching the intersection.
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Fig. 9.  Change in acceleration (2 lanes)

  Looking at the acceleration distributions for vehicles that continue going and vehicles that stop, we see that, at intersections without pedestrian signals, vehicles that continue going do not tend to change their acceleration within the intersection, while at intersections with pedestrian signals, they tend to accelerate from about 20m before the intersection. This is the opposite of what happens on a road with one lane in each direction. At a large intersection where two roads intersect, each having two lanes in each direction, the time required to cross the intersection increases; it appears that if a driver anticipates when the vehicle signal will change, he knows that he will be able to make it across and accelerates. The duration that the pedestrian signals flash varies depending on the size and other characteristics of the intersection, but for the intersections that we studied there is no difference in the timing, so we believe that the layout of the roads had a much greater influence on driver response. This is a very interesting finding, which suggests a need to study the effect of differences in layouts of roads with one lane in each direction and roads with two lanes in each direction.

  Looking next at vehicles that stop, we see that the distribution of accelerations at intersections without pedestrian signals, compared to that at intersections with pedestrian signals, shows rapid deceleration in the vicinity of the intersection. In addition, the deceleration is greater on roads with two lanes in each direction than on roads with one lane in each direction. We believe that the speed limit on roads with two lanes in each direction has an important effect on this. The speed limit is higher on roads with two lanes in each direction than on roads with one lane in each direction, making it more critical to anticipate a change in the signals.

6.3 Time required to reach the intersection

  If pedestrian signals make it possible for a driver to anticipate the timing of a change in the vehicle signal, he can make an early decision as to whether to proceed through the intersection or to stop. A vehicle that passes through the intersection will either accelerate or continue going at the same speed, while a vehicle that stops can decelerate well in advance. We investigated the times at which both vehicles that continued going and those that stopped arrived at the intersection. A formula for calculating the time required is given below. If pedestrian signals gives advance warning on the timing of the vehicle signal change, it is expected that there will be a large gap between the times required by a vehicle that passes through the intersection and one that stops at the intersection.
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  Fig. 10 shows the arrival times for intersections having different attributes. From this figure, it can be seen that it takes longer for a vehicle that stops to reach the intersection than it takes a vehicle that continues going. That is to say, the time difference encourages drivers to stop at the intersection. In addition, comparing that difference for intersections having differing attributes, we see that the time difference is less if the intersection has pedestrian signals. This is believed to be because the presence of pedestrian signals makes it possible for the driver to decide in a shorter time whether to continue going or to stop.
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Fig. 10.  Arrival times to intersection

6.4 Conditions for deciding whether to continue going or to stop

  From the analyses presented up to this point, we have confirmed the effectiveness of pedestrian signals. However, these analyses are based on statistical values obtained from the collected data; we have not given results for individual vehicles. To determine how much the presence of pedestrian signals increases safety, we have performed a discriminant analysis to clarify the conditions that affect the decision to continue going or to stop.

  Table 3 summarizes the results of this discriminant analysis. Fig. 11 and 12 indicate whether a vehicle will continue going or stop on a road with two lanes in each direction, based on whether or not there are pedestrian signals. These figures also show a straight line that separates regions corresponding to decisions to continue going and to stop, deceleration curves, and straight lines indicating the duration of a yellow light.

Table 3  Result of discriminant analysis (2 lanes)

	Parameters
	with ped-signal
	without ped-signal

	Location
	-0.206
	-0.133

	Speed
	0.184
	0.002

	Constant
	-0.562
	7.202

	hit ratio
	94.3%
	85.7%

	location/speed
	1.12
	47.5


  From Table 3, we see that intersections having pedestrian signals has a high degree of neutrality in discrimination, permitting us to determine that a clearer decision as to whether to continue going or stop can be made where there are pedestrian signals.

  Here, the slope of the discriminant function indicates what conditions form the basis for the decision to continue going or stop. The closer the slope is to zero (horizontal), the more important the role played by speed in this decision; the closer the slope is to being infinite (vertical) the more important position is as a factor in the decision. Fig. 11 shows a slope close to one for an intersection that having pedestrian signals; this indicates that an overall decision is being made with the roles of distance to the intersection and the vehicle's travel speed being well balanced. Meanwhile, looking at Fig. 12, we see that at intersections without pedestrian signals, the slope is large, and the decision as to whether to continue going or to stop is based mainly on position. In this case, the time it takes to arrive at the intersection differs for each vehicle, so drivers will tend to make different decisions, causing dangerous situations.

[image: image12.emf]0

5

10

15

20

25

30

0 20 40 60 80 100

distance from the stop line (m)

speed (m/s)

pass

stop

discriminant function

deceleration curve

yellow time (3sec)


Fig. 11.  Scatter plot between the distance and speed (with pedestrian signal, 2 lanes)
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Fig. 12.  Scatter plot between the distance and speed (without pedestrian signal, 2 lanes)

  Next, focusing attention on the deceleration curves and the straight lines indicating the duration of the yellow signal, we see that the number of samples in the “Dilemma Zone” increases at intersections with pedestrian signals. However, the deceleration on a icy road surface is not well determined; the values in this figure cannot be regarded as final results. In the future it will be necessary to investigate the danger of samples in the “Dilemma Zone” after clarifying the deceleration on a winter road surface, based on collection of more samples than have been collected to date. 

7. Conclusion
  In this study, we have clarified the effect of presence or absence of a pedestrian signal on the decision as to whether a vehicle continues going or stops at an intersection under snowy conditions, and the differences in driver response.

  After analyzing vehicle speeds and accelerations at four locations with and without pedestrian signals and having different volumes of traffic during the snowy season, a conclusion that applies to all of the locations is that vehicles tend to start decelerating early. Focusing attention on vehicles that stopped at the intersections, we found that drivers slowed down simply because they were approaching an intersection, while at intersections with pedestrian signals an impending change in the vehicle signal was anticipated from pedestrian signals that were flashing green or were steady red, permitting drivers to decelerate in plenty of time. 

  In cases in which there were variations in vehicle speeds and deceleration behavior because of the road surface condition, as during the snowy season, there is a high probability that there will be large differences in the decisions made by different drivers. In particular, we believe that it is important to determine the timing of a signal change so as to have adequate time to decide whether to continue going or to stop. In addition, in the present study we compared driver response on roads with one lane in each direction and roads with two lanes in each direction. Considering the sudden deceleration of vehicles which is frequent on roads with two lanes in each direction, the fact that the speed limit tends to be higher on roads with two lanes in each direction than on roads with one lane in each direction, and the condition of the road surface during the snowy season, we consider it more important to have pedestrian signals on roads with two lanes in each direction than on roads with one lane in each direction.

  It is apparent that pedestrian signals help drivers anticipate the change of a vehicle signal. In the future it will be necessary to analyze driver response at intersections having different pedestrian signal durations and different times after the pedestrian signal turns red until the vehicle signal turns yellow.

  Data should be collected at more intersections that have a larger variety of different conditions including different times from the pedestrian signal turning red until the vehicle signal turns yellow, and different durations of the yellow vehicle signal.
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