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Intervals of backward glancing during expressway driving were measured and statistical character was analysed. The main aim of the analysis was to clarify variety of backward glancing manner while no intentional manoeuvring such as lane changing was performed. Eleven subjects drove totally 113 trips and 11,105 backward glances were extracted and analysed. The distribution of the intervals of backward glances was parameterized using mixture of two lognormal distributions. There were large differences in the interval distribution among subjects and even within a subject. Statistical tests showed some factors such as distance to preceding/following car affect to the distribution, but the manner of the effect also varies among subjects.

Introduction

Recent progresses in a video camera device and image processing/recognition technique is about to realizing online measurement of driver's head direction and glance direction through small video camera embedded in environment of a car driver, such as a camera hidden behind a rear-view mirror. Although imaging driver's eyes has difficulty in suffering change of external luminosity and head motion, detecting eye closure and glancing direction makes it possible to recognizing the status of a driver (such as drowsiness or inattentiveness), thus we can expect that a driver support system gains more adaptability to drivers. Some technique to detect eye blinking is recently on the market. Auto recognition of driver's glancing direction and glancing frequency is another promising technique for driver supporting, which has, however, more difficulty and still under development. There are expected applications for collision avoidance by detecting driver's intention or inattentiveness in a case of lane changing and other situations. Detecting driver's intention can be used for not only warning but also adapting timing of giving information about distance to preceding/following vehicle and existence of other vehicles on a neighbouring lane. In order to realize these applications, it should be pointed out that a statistical model of driver's glancing behaviours is one of key technologies to estimate driver's attention and intention. There is a long history of studies about glancing and attention for lane keeping and lane changing, and character of glancing in such situations is already mentioned in many literatures. A problem is that few remarks has been made about statistical description of glancing behaviours, which must be a base to estimate driver's intention and existence of distraction in statistical way. Without understanding statistical uncertainty of glancing behaviour, a developed support system will make erroneous results. The fact is that there is inevitable variety in driver's visual behaviour to maintain awareness of surrounding traffic environment and neighbouring vehicles for lane keeping and lane changing (interindividual differences). Adding to that, even a same driver under a same condition behaves differently in glancing (intra-individual differences). Actual visual behaviour can be affected by uncountable factors on real road, therefore both interindividual and intra-individual variance should be studied through not simulated or fully controlled experimental environment under limited number of factors, but through accumulation of naturalistic on-road driving data, thus whole uncertainty caused of uncountable factors is statistically described. In this study, we concentrate on backward glancing while driving expressway. There are already dozens of works on backward glances focusing on lane changing [START_REF] Takahashi | Evaluating driver's visual behavior while driving on highway[END_REF][START_REF] Salvucci | The time course of a lane change: Driver control and eye-movement behaviour[END_REF][START_REF] Erick | Eye glance behavior during lane changes and straight-ahead driving[END_REF]. These studies show that backward glancing precedes lane changing by around five seconds and it occurs earlier than blinker onset [START_REF] Erick | Eye glance behavior during lane changes and straight-ahead driving[END_REF]. It suggests that backward glancing can be a good cue to detect driver's intention of lane changing. Another interesting aspect of backward glancing is that most part of backward glancing is not directly related to lane changing or other intentional actions. In many cases it seems relevant to maintaining situation awareness of traffic environment around the own car. Takahashi pointed out that under on-road driving situation backward glancing is so frequent and continual that lane-change related glancing is almost hidden and difficult to identify which glance is directly related to a specific lane-change [START_REF] Takahashi | Evaluating driver's visual behavior while driving on highway[END_REF]. An aim of this study is statistical description of such continual backward glancing which is not relevant to lane changes and other specific drive manoeuvres. This fundamental characteristic is important information for development of lane changing intention detection technique because observed glances are mixture of lane-change relevant and not relevant glances.

Method

In order to investigate statistical characteristic of occurrence of backward glancing under natural driving condition, it was necessary to design an on-road trip experiment with many participants and long term driving. Eleven drivers participated to this experiment. The subjects were aged between 20 and 60 including seven men and four women. They had driving experience for eight to 33 years and they daily used their own passenger cars, including expressway driving more than once a month. The experimental trip was performed in daytime once a day for four to 19 days per subject on inter-city expressway and total distance of go and back was 39km. The way has no sharp curves which require careful negotiation. Almost all time of the trips the traffic was not crowded. The expressway has three carriageways and subjects were instructed to keep the central lane. Since it is necessary for subjects to perform their natural driving, usual driving was allowed including lane changing and passing slower vehicles. The car used for the experiment was a sedan type passenger car. The experimental car was equipped with sensors and a recording system for recording running status of the car and driver's driving operations, including acceleration, deceleration, steering angle, brake pedal operation, gas pedal operation, distance to a preceding/following vehicle and car location measured with GPS. The obtained time series data were recorded into a laptop computer placed on the car. Several video cameras were also mounted in order to take front view from the car, rear view, front image of a driver and side image of a driver. The video images were recorded into another driving recording system. Onset of specific manoeuvrings such as lane changing are marked on the time sequence data by pressing a marker button by experimenter on the back seat of the experimental car. These sensing devices were almost hidden from driver's sight thus the driver could perform natural driving without sense of unusual experimental situation. In order to record backward glancing behaviour, subjects wore small video camera to take eye motion images directly. The camera head was a quite small rod shape (7mm in diameter) and embedded in a visor of a cap directed to a face. While wearing this cap, subject's eye motion images were directly taken without feeling of wearing a measurement device and without occluding subject's sight (shown in figure 1). Obtained video images were recorded into DVD-RAM video recorder for offline image processing for detection of backward glances mentioned later. Although this method is not suitable for precise measurement of glance direction in comparison with eye-tracker, the advantage is that driving of many times were easily realized because experimental setting was just wearing a cap and a subject did not suffer visual restrictions by wearing an eye-tracking device.

Extracting Backward Glancing Onsets

Eye motion video images were processed in order to extract backward glancing images for each video frame. In this processing, support vector machine algorithm (SVM) was used. SVM can automatically classify large vector data and recently it is well known for image pattern recognition. Since an eye position in an image frame changes among experimental trips, an position and tilt angle estimation was done as calibration using simple template matching method. After this centring process, the eye area and neighbouring area in image frames are separated into 20 by 20 mesh-shape areas and average luminosity values were calculated for each cell. In order to avoid influence of varying environmental luminosity, normalization of luminosity values was necessary. Thus image frames were converted into vectors of 400 elements which represent eye shapes in the video images. These vectors were classified by SVM into five pre-defined categories which are: glance of front direction, right direction (mainly for a driver's side door mirror), left direction (an inner rear-view mirror and an opposite side mirror), lower direction (instrumentation panel) and closing (eye blinking). In the following analysis, categories "right" and "left" were used as backward glancing. These five categories were preliminary learned by SVM for each subject. For each subject, 1000 learning data were extracted from the all video images in random manner and classified manually by human visual inspection. 
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Results

Since the main target of this study is backward glancing under stationary condition rather than under intentional manoeuvrings such as lane changing, the whole time series data were screened and sections under stationary driving were extracted for further analysis. The definitions of stationary condition used in the screening are as follows: 1) no lane changing within ten seconds before/after the section, 2) no occurrence of cutting in/out by a preceding car, 3) no use of turn signal blinker, 4) no pressing of a brake pedal, 5) velocity was over 70 km/h (regulation speed was 100 km/h on the expressway), and 6) a car was on the centre lane of three carriageways. A few sections of the experimental route were eliminated because the parts have several tunnels and lacking luminosity for processing images. Finally total 2,443 minutes of time sequence data of eleven subjects was extracted for the analysis and 11,105 backward glances were detected. Details are also shown in table 1. In the analysis, backward glances were regarded as statistical point process and distribution of time intervals between backward glances was analysed. Cases where intervals of two glances were too short (under one second) were dealt as one glance because in such cases the image processing had often erroneously separated one long glance into two or three separated with short intervals. Basic statistics of distribution of intervals are also shown in the table 1 for each subject. As is easily found in the median (50 percentile) value of intervals, there is a large difference in intervals of backward glances by person. Because of this observation, it is reasonable not to assume that the statistical character is similar among subjects, therefore the later analysis was conducted for each subject. It is desirable to represent shapes of distributions using a few parameters for statistical processing. The merit is that further analysis such as inter/intra individual differences or influences of other factors can be analysed through the parameters. The quantile values of glancing time interval show that there is a concentration on short interval range and in the same time some interval samples are rather long; in other words the distribution has a "long tail". Figure 2 is a histogram of backward glancing interval of subject B, who made frequent backward glances in the experiment. Thanks to the large sample numbers of subject B, the distribution shape looks smooth and it is expected to fit to a simple statistical distribution model under an assumption of simple statistic process. The idea is discussed in the next section. Kolmogorov-Smirnov (K-S) test of fit showed, however, this hypothesis was rejected with 1% significance level for all subjects. It means backward glancing does not come from Poisson process. In a case of such long tail distribution, log conversion of stochastic variable makes a shape of distribution clearer. In figure 3, the time scale is converted with t log = τ . The shapes of distributions of all subjects shown here have clear peaks which look similar to normal distributions. However K-S test also rejects assumption of lognormal distribution (normal distribution in the log converted domain). The reason is asymmetry of the shape since the distribution is higher on the left side of the peak. It suggests that the distribution is composed of two lognormal distributions. The following mixture normal distribution model was examined with K-S test of fit for each subject and the assumption was accepted with 10% significance level: 

Effecting Factors on Distribution of Backward Glancing Interval

Whether the distribution can be parameterized or not, stability of the distribution is vital for practical use. From this point of view, influences of following three factors were tested: 1) existence of preceding/following vehicle, 2) selection of mirrors through which backward glancing was performed, and 3) difference between experimental trips by the same driver. The results of 1 and 2 are shown in the table 2 where 1 μ is an estimated statistical parameter of a dominant elements of a mixture distribution. Significance levels are also shown. Backward glancing can be one of actions to maintain traffic situation awareness around the own vehicle. Since preceding/following vehicles are dominant elements of traffic situation, the effect of existence of preceding/following cars was examined. For statistical analysis, all backward glances were classified into two levels, preceding/following vehicle exists within 50m and over 50m (or none), and difference of 1 μ s of these two levels is tested with Student's t test (estimated is also used in this test). The result is that differences are detected in over half of subjects. Both a preceding vehicle and a following vehicle close to the own car makes interval of backward glancing shorter for almost all affected subjects. It is natural that a driver is cautious of a following vehicle when it is closer therefore backward glancing becomes frequent. The effect of preceding vehicle may suggest preliminary glances in order to make sure of clearance of neighbouring lane for future passing of the preceding vehicle. 

Selection of Mirrors

The differences of intervals were examined between the mirrors used for backward glancing, glancing through right direction (driver's side door mirror) and through left direction (an inner rear-view mirror or an opposite side mirror). Although the selection of direction itself is not an external factor, the selection may be decided based on intention of future manoeuvring. Interestingly, for almost all subjects there are significant differences and the result is, however, not consistent. Some subjects have a tendency to use right (driver's side) door mirror after long absence of backward glancing, while some other uses inner rear-view mirror. This result may suggest some differences in strategy of backward checking among subjects. Glance Direction wing Car Significance quality of environmental sight (luminosity etc.). Adding to that, the driver's status such as mood and physical condition is never homogeneous by trip. Since identifying all factors is impossible, instead of identifying causal factors, we focused on how the overall observed glancing behaviour varies. For this aim, difference among trips was analysed.

Since many trips include only small number (<30) of backward glances which are not sufficient for applying EM algorithm to estimate 1 μ and , this analysis was performed regarding that the distribution was obtained from a single lognormal distribution (and not from mixture of two lognormal distributions). μ is an average and is a variance of log converted glance intervals from each trip.
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All μ values from all trips for each subject are plotted in figure 4. In the splatter chart, quantiles (25%, 50% and 75%) of whole data from all trips are also shown as vertical bars for each subject. This result shows intra-individual difference is large among trips and sometimes μ can be beyond even 75 percentile of whole data. This result suggests it is impossible to regard distribution of backward glancing interval as stable peculiar character of each driver.

Conclusion

Backward glancing under stationary driving without intentional manoeuvring such as lane changing is a quite frequent phenomenon. The results of this study showed that the interval of occurrences obeys a mixture distribution of two lognormal distributions. Not only interindividual but also intra-individual difference is large. A mixture of lognormal distribution introduced in this study is rather a complex model which has five parameters: 1 μ , . Too many parameters in a model decrease advantages of parameterization because stable estimation of parameters requires quite many samples of backward glances. Fortunately, it seems possible to deal the whole distribution as a single lognormal distribution since the minor element of the two elements composing the mixture distribution is sufficiently small. There is wide variety in backward glancing manner among drivers and within a driver. Statistical analyses suggested that some factors affect on the intervals of glancing and the manner of effects also vary among drivers. Although cause of these inter/intra-individual differences is not understood yet, the existence of these differences should be took into consideration when backward glancing is used as a cue to detect driver's intentional action by driving supporting systems.
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 1 Figure 1: Micro video camera embedded in a cap visor

  . There are five parameters in this model. These parameters can be estimated using EM (Expectation-Maximization) algorithm. Further analysis was performed using two parameters of dominant elemental normal distribution, smaller elemental distribution is not clear and rather minor factor of whole distribution, remaining these three parameters were ignored in the analysis.
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 31 Figure 3 : Histograms of backward glancing intervals (Time scale is logarithmic. Subjects with small sample numbers are omitted.)
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 23 Difference among TripsData obtained from actual on-road trips have much variance even if the condition looks alike because of uncontrolled or undiscovered factors. By each trip, traffic condition varies such as traffic density and
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 1 Subjects, obtained data for analysis, and distribution of backward glancing intervals (in quantiles)
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 2 Influence of preceding/following car and glance direction

	Figure 4 : Difference of average intervals by trips
	(Averaging is performed in log-domain. Vertical
	bars indicate quantiles of whole data. Subjects
	with small sample numbers are omitted.)

N : number of samples, u1 : estimated mean parameter of a dominant element of mixture distribution. Significance : *: p<0.05 **: p<0.01 ; signs in parentheses indicate that u1 of left condition is siginificantly largeer (+) or smaller (-).