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Abstract—This study examines safety verification behaviors
associated with near-miss events at nonregulatedtarsections
with poor visibility. From an assessment of a drives eye-gaze
movements and facial orientation associated with # sudden
appearance of bicyclists encountered while approadig a
nonregulated intersection, we attempt to analyze #hdistinctive
motion of the safety verification behaviors beforeand after
near-miss events. Finally, the experimental resultsuggest that
the sudden appearance of a bicyclist in the vehiclgath has an
increased chance of becoming a near-miss event. Sifieally,
the trajectory characterized by the eye-gaze movemts and
facial orientations of the driver before and after near-miss
events show close correlation with the interview mlts of
daytime on a sunny day.

Keywords-driving behavior analysis; facial orientation; eye-
gaze movements; near-miss event.

l. INTRODUCTION

In Japan, the proportion of fatal bicycle accidestow.
However, there are about 120,000 bicycle-relatedfatal
casualties, which is about 20% of the total vehielated
casualties [1]. Although, from a recent survey [Hje
proportions of casualties appear to be decreasirggrious
situation exists.

In this study, we focus on near-miss events andtysaf
verification behaviors at nonregulated intersedion
Specifically, by devoting attention to the facialemtation
and eye-gaze movements of a driver before and aéar-
miss events involving the sudden appearance afyalist at
an intersection, we attempt to analyze the cawdations
between the distinctive safety verification behasjoand
interview .

According to statistics, about 3/4 of the humaromrin
crossing collisions in honregulated intersectiomerg many
crossing collisions have occurred
distraction states. However, cognitive distracti@pends on
changes in a driver’s internal state, and extesbakrvation
of the distraction is difficult. A method of estitirey
distraction has not yet been established.

Several methods of detecting distraction have been

proposed by Dong et al. [3] and classified intorfogpes
based on the modalities of measurement [4]. Thécapion
of what Dong et al. defined as “subjective evatuatiand
“physiological information” for actual driving si@ions is
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involve cognitive

not realistic because of the burden these methtzd® @n
the driver. Furthermore, the “operation informatitimat the
authors defined as steering or braking lead todects
directly, and when the distracted state appearsthi
operation information, there is a possibility tosmithe
accidents avoiding.

In related studies of the estimation of driver rdistion,
Abe et al. [5] examined what they referred to a&sdhver’s
“thinking state”, and Honma et al. [6] discussedawthey
referred to as the “blank states”. These studi¢®nly have
confirmed the basic characteristic scene whereioodiery
delay occurs but also overlooked changes in ambient
conditions. In this study, we focus on the follogithree
types of distraction states, i.e., thinking stateml blank
states reflecting how attention resources areiloligéd, and
“impatience and frustration states” where the ddgviask
occurs under time constraints.

In Section II, experimental procedure is describled.
Section lll, we show the experimental results faogison
facial orientation and eye-gaze movements. Sectin
concludes this study and indicates the future plans

1. EXPERIMENTAL PROCEDURE

A. Experimental system

This study employs a driving simulator (DS), whish
able to freely design load environments and trafficditions
and to measure driving behaviors under different
environments.

Fig. 1 illustrates the experimental system architec
The DS used for these experiments is composed-ohtol
device, the size of which is equal to a standazdesivehicle,
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Camera heads of FaceLAB

Figure 1. Experimental system for measuring drivaraviors.
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and a compact 6-axis motion platform (SUBARU dekign sthe intersection (route-1). At intersection-2, @ydist
The system includes three color liquid crystal tiyg  appears suddenly from the left front side of thkisle and
(LCD) at the front of the cabin, and these are bbpaf interferes directly in the vehicle’s path (route-2)

freely displaying the horizontal viewing angle agidving Subsequently, an overview of the various running
environments. To achieve unconstrained monitorind a scenarios is as follows. The fundamental scenarim irun
measuring of the driver's head motions, facial magons, three laps of the driving route described in Figap We
and eye-gaze movements, we set two camera heatte on performed a control of the near-miss events asvi@l The
right and left side of the center LCD, and an irftapod at first lap is made without near-miss events at g@etions.
the upper center front of the cabin, as shown i Bi  During the second lap, the driver encounters tlossing
. . . bicyclist indicative of route-1 at intersectioni,addition to
B.  Near-miss events and running scenarios the bicyclist defined by route-2 at intersectiorBpecifically,

Fig. 2 depicts the driving route and the two déifims of ~ we constructed four types of running scenarios aying
near-miss events due to the sudden appearanchiofdist

at an intersection. At intersection-1, a bicyckstddenly
appears from the right front of the vehicle andspaghrough 4
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(a) Daytime on a sunny day
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(b) Daytime on a rainy day
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(c) Nighttime on a sunny day
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Figure 2. Simulation course with two types of neass Figure 3. Interview results of traffic events atteirsections
events (Route-1/Route-2). (1, 2, and 3).
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(a) Eye-gaze movements from approach to intersectianphtise  (b) Facial orientations from approach to interseetl to pause

(c) Eye-gaze movements Ifrom safety check to tugintri (d) Facial orientaﬁ;dnorln safety check to turn right

Figure 4. Sudden appearance of bicyclist crossgiy to left at intersection-1 (subject C: daytiorea sunny day).

(c) Eye-gaze moveménts from safety check to tutnt rig (d) Facial orientations fronfezg check to turn right

Figure 5. Sudden appearance of bicyclist interéeviith the vehicle path at intersection-2 (subjfgéctlaytime on a sunny day).

times of the day (i.e., day or night) and underiotes  vehicles. During test runs, we instructed all scisjeto

weather conditions (i.e., sunny or rainy) by desigmear- maintain standard speeds and traffic rules, sugfaase, etc.

miss events involving the two intersection typedjicl A . lts of .
control the timing and routes for suddenly appegrin ™ nterview results of near-miss events

bicyclists. We interviewed all subjects to assess the resplenst

of surprising near-miss events occurring in nontaed

[ll.  EXPERIMENTAL RESULTS AND DISCUSSION intersections  (i.e., intersection-1, intersection-and

The subjects were 5 men (Subject D and Subject g we intersection-3) using a method including four scesa The

21 years old, whereas subjects A, B, and C wera@@)pne ~interview results in sunny-daytime, rainy-daytingnny-

woman (Subject F was 23 years old), all of whomewer Nighttime, and rainy-nighttime are shown in Fig(a3- Fig.

university students and had drivers licenses fatirmry  3-(P), Fig. 3-(c), and Fig. 3-(d), respectively. eThesults
indicate that the route-2 near-miss event in whiddicyclist
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suddenly appears in the path of the vehicle, agshio Fig.
2-(c), was confirmed as the most effective forsabhjects.

B. Analysis of facial orientation and eye-gaze movements

We targeted near-miss events at
intersection-1 and intersection-2 with poor visipjl and
classified driver behavior according to two segreeiithe
first and the second segments are defined as tiwddeom
the approach to the intersection to pausing foroteming
bicyclist and the period from the safety verificati to
turning right to avoid collision, respectively. ksing on the

gaze movements and facial orientation measuredhby t

head-gaze tracking device (FaceLAB), we portrayrésellts
of intersection-1 and intersection-2 for Subjeatirtving on
a sunny day as scatter diagrams, as shown in Egd4ig.
5, respectively.

First, we focus on the eye-gaze movements andlfacia

nonregulated

safety verification behavior against the near-mesgent
involving the sudden appearance of a bicycle atonge-2.

IV. CONCLUSION

In this study, we concentrated on the facial oatah
and eye-gaze movements of a driver before and aéer-
miss events involving the sudden appearance afyelist at
a nonregulated intersection. Our results provide th
following points.

1) The sudden appearance of bicyclists in a vehipkth
indicates that the probability of a near-miss evient
likely to be high.

2) The
movements and facial orientations of the driverokef
and after near-miss events show close correlatith w
the interview results of daytime on a sunny day.

In future work, we will add the number of subjeatsd

orientations in the case of encountering the suddepyperiments, and a quantitative analysis of refatietween

appearance of the bicyclist defined by route-1staswn in
Fig. 4. In the first segment, the driver is awafeghe stop
position of intersection-1, gazing toward the froftvehicle

the near-miss event and the safety verificatioratien will
be carried out. Moreover, we are planning analysis
influence of the driving style and the workload siéwity for

path. The scatter diagrams of gaze movements andl fa gyjving behaviors.

orientation are concentrated in the center of ttrees, as
shown in Fig. 4-(a) and Fig. 4-(b). In the secoaginsent, the
driver visually confirmed the crossing bicyclist safety
verification after a pause, and then the driver wasking
the bicycle route. The scatter points of the facié@ntations
are distributed to the left and right of the scresnshown in
Fig. 4-(c) and Fig. 4-(d). We believe that thessults
quantitatively support the safety verification bébaagainst
the near-miss event defined by route-1.

Next, Fig. 5 shows the scatter diagrams of eye-gaz@]
the case of

movements and facial orientations in
encountering the sudden appearance of the bicyldfed
by route-2. During the first segment, the drivesudlly
confirmed that a bicyclist suddenly appeared frown front
left of the vehicle path, and then the driver wasking the
bicycle route. The scatter diagrams of gaze movésrand
facial orientations form trajectories that are gmmus from
the center of the screen to the right side, asepted in Fig.

5-(a) and Fig. 5-(b). In the second segment, safe%]

verification behavior after a pause is concentraiedhe left
side of the intersection where the sudden appearahthe
bicyclist has occurred. The scatter points of tlaeial
orientations formed a trajectory that is continutushe left
side while concentrating on the center of the strees
shown in Fig. 5-(d). This result quantitatively pops the
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