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[DESCRIPTION]

[TITLE OF INVENTION]

DANGER NOTIFICATION DEVICE, DANGER NOTIFICATION SYSEM,
DANGER NOTIFICATION METHOD, AND PROGRAM

[Technical Field]

[0001]

The present invention relates to a danger notiinadevice, a danger
notification system, a danger notification methaag a program.

This application claims priority based on JapariRetent Application No.
2016-146620 filed in Japan on July 26, 2016, thigeenontent of which is incorporated
herein by reference.

[Background Art]
[0002]

As a system to suppress collision between a \ehiotl a pedestrian, a system
in which arrival points of a vehicle and a pedestrare predicted on the basis of position
information, speed information, and moving direstinformation acquired from each of
an on-board unit mounted on the vehicle and a plarti@rminal carried by the pedestrian,
and an alert is output from the on-board unit erggbrtable terminal when it is
determined that the vehicle and the pedestrialikaly to collide is provided (for
example, Patent Document 1).

In addition, a system in which a driver of a védiis notified of the presence of
a pedestrian and the like by displaying positidorimation acquired from a portable
terminal carried by the pedestrian on an on-boartisiprovided (for example, Patent
Document 2, Patent Document 3).

[Citation List]
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[Patent Literature]
[0003]
[Patent Document 1]

Japanese Unexamined Patent Application, Firsti€atilin No. 2005-4542
[Patent Document 2]

Japanese Unexamined Patent Application, Firsti€atiin No. 2008-217429
[Patent Document 3]

Japanese Unexamined Patent Application, Firsti€atiin No. 2007-122735
[Summary of Invention]

[Technical Problem]
[0004]

However, even if vehicles and pedestrians ardnersame road, for example, a
degree of danger indicating collision between aclelfand a pedestrian may be different
between a situation in which a traffic volume of tioad is large and a situation in which
the traffic volume is small. For this reason, wia@nalert is output from an on-board
unit or a portable terminal on the basis of onlyvaft points of a vehicle and a pedestrian
as in the system described above, an alert malgenotitput even in a situation in which
a degree of danger indicating collision betweeelzsicte and a pedestrian is high, or an
alert may be output even in a situation in whiah dlegree of danger indicating collision
between a vehicle and a pedestrian is low.

[0005]

The present invention is made in view of such [gwis, and provides a danger
notification device, a danger notification systenganger notification method, and a
program which notify of danger prediction infornmatiof a traffic accident according to

a traffic situation for each road segment.
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[Solution to Problem]
[0006]

In order to solve the above problems, the preseention adopts the following
means.

According to one aspect of the present inventodanger notification device
includes a traffic state indicator acquisition wuonfigured to acquire a traffic state
indicator of a road segment from a traffic statedase, a danger prediction unit
configured to predict a degree of danger indicatiogurrence probability of a traffic
accident in the road segment on the basis of #ifctstate indicator, and an alert
information transmission unit configured to transadert information to at least one of
an on-board unit mounted on a vehicle and a pat@minal carried by a pedestrian
located in the road segment when the danger predichit determines that the degree of
danger of the road segment is equal to or grelader & predetermined reference value.

In this manner, the danger prediction unit predéctiegree of danger according
to a traffic state indicator of a road segment, i it is possible to improve accuracy
in prediction of the degree of danger of each egiment. In addition, the alert
information transmission unit can perform an abgrération by transmitting alert
information to at least one of an on-board unit ampbrtable terminal located in a road
segment which is determined to have a degree @fedaqual to or greater than a
predetermined reference value by the danger prediahit, and can suppress
transmission of unnecessary alert information ioaal segment which is determined not
to have a degree of danger equal to or greaterttimapredetermined reference value by
the danger prediction unit.

[0007]

According to another aspect of the present ineanin the danger notification
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device of the aspect described above, the dangdigbion unit predicts the degree of
danger on the basis of the traffic state indicatmuired by the traffic state indicator
acquisition unit and degree of danger correlatiatadan which the occurrence probability
of a traffic accident with respect to the pastficadtate indicator is associated with each
road segment.

In this manner, the danger prediction unit cathierrimprove accuracy in
prediction of a degree of danger by referring tthkeocurrent traffic state indicator
acquired by the traffic state indicator acquisitiont and degree of danger correlation
data indicating the occurrence probability of dficaaccident with respect to the past
traffic state indicator.

[0008]

According to still another aspect of the presaméntion, in the danger
notification device of the aspect described abtwe alert information transmission unit
transmits alert information to the on-board unienlihe danger prediction unit
determines that a degree of danger of the roadesgigsiequal to or greater than a
predetermined reference value, and when a pedesr@esent in the road segment.

In this manner, the alert information transmissioit can appropriately perform
an alert operation by transmitting alert informatto an on-board unit in a road segment
in which the degree of danger is equal to or greatn a predetermined reference value
and a pedestrian is present, and can suppressissien of unnecessary alert
information in a road segment in which the degregamger is equal to or greater than
the predetermined reference value, but there [gedestrian.

[0009]
According to still another aspect of the presauéntion, a danger notification

system includes the danger notification devicenyf@ne of the aspects described above,
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a probe data collection unit configured to colleetboard unit probe data including
position information of an on-board unit mountedeach of a plurality of vehicles and
portable terminal probe data including positioromfiation of a portable terminal carried
by each of a plurality of pedestrians, and a tadtate indicator generation unit
configured to generate a traffic state indicatordach road segment and record it in a
traffic state database on the basis of the on-baaitdrobe data and the portable
terminal probe data.

In this manner, the traffic state indicator getieraunit can generate a traffic
state indicator in accordance with an actual sinatf a road segment on the basis of
on-board unit probe data and portable terminal @idita successively collected by the
probe data collection unit.  For this reason, th#it state indicator generation unit can
increase accuracy of a traffic state indicator. addition, the danger notification device
can improve accuracy in prediction of a degreeaofgér of each road segment on the
basis of a traffic state indicator with higher a@ay in this manner.

[0010]

According to still another aspect of the presaméntion, a danger notification
method includes a traffic state indicator acquisitstep of acquiring a traffic state
indicator of a road segment from a traffic statedase, a danger prediction step of
predicting a degree of danger in the road segmethe basis of the traffic state indicator,
and an alert information transmission step of tmatigg alert information to at least one
of an on-board unit mounted on a vehicle and aaptetterminal carried by a pedestrian
located in the road segment when it is determihatla degree of danger of the road
segment is equal to or greater than a predetermefecence value in the danger
prediction step.

[0011]
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According to still another aspect of the presaméntion, a program which
causes a computer of the danger notification dewaid¢enction as a traffic state indicator
acquisition unit configured to acquire a traffiatstindicator of a road segment from a
traffic state database, a danger prediction umfigored to predict a degree of danger in
the road segment on the basis of the traffic stalieator, and an alert information
transmission unit configured to transmit alert mfi@ation to at least one of an on-board
unit mounted on a vehicle and a portable termiaaiied by a pedestrian located in the
road segment when the danger prediction unit detesrthat a degree of danger of the
road segment is equal to or greater than a predited reference value.
[Advantageous Effects of Invention]

[0012]

According to the danger notification device, tlamgder notification system, the
danger notification method, and the program desdrdibove, it is possible to notify of
danger prediction information of traffic accidemtsaccordance with a traffic state for
each road segment.

[Brief Description of Drawings]
[0013]

FIG. 1 is a diagram which shows an overall comfigion of a danger
notification system according to a first embodimeithe present invention.

FIG. 2 is a diagram which shows an example ofal segment according to the
first embodiment of the present invention.

FIG. 3 is a diagram which shows a function ofadfic state indicator generation
unit according to the first embodiment of the presevention.

FIG. 4 is a diagram which shows an example oaffi¢rstate table according to

the first embodiment of the present invention.
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FIG. 5 is a first diagram which shows a procesfliog of the traffic state
indicator generation unit according to the firstoeiment of the present invention.

FIG. 6 is a second diagram which shows the praog$ow of the traffic state
indicator generation unit according to the firstoeaiment of the present invention.

FIG. 7 is a third diagram which shows the procegdiow of the traffic state
indicator generation unit according to the firstoeiment of the present invention.

FIG. 8 is a diagram which shows a functional agunfation of a danger
notification device according to the first embodimhef the present invention.

FIG. 9 is a diagram which shows an example ofelegf danger correlation
data according to the first embodiment of the preseention.

FIG. 10 is a first diagram which shows an exangblalert information
according to the first embodiment of the presewngirtion.

FIG. 11 is a second diagram which shows the exawiphlert information
according to the first embodiment of the presewngirtion.

FIG. 12 is a first diagram which shows a proceg$diow of the danger
notification device according to the first embodimef the present invention.

FIG. 13 is a second diagram which shows the peitegg$low of the danger

notification device according to the first embodimhef the present invention.

FIG. 14 is a diagram which shows an example ardware configuration of the

danger notification device according to the firstmdiment of the present invention.

FIG. 15 is a diagram which shows a processing tdw danger notification

device according to a modified example of the frstbodiment of the present invention.

FIG. 16 is a diagram which shows an example ofekegf danger correlation

data according to the modified example of the Brabodiment of the present invention.

[Description of Embodiments]
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[0014]

<First embodiment>

Hereinafter, a danger notification system 1 acogrtb a first embodiment of
the present invention will be described with refeeto FIGS. 1 to 14.

[0015]

(Overall configuration of danger notification syst)

FIG. 1 is a diagram which shows an overall comfigion of a danger
notification system according to a first embodimeithe present invention.

As shown in FIG. 1, the danger notification systewf the present embodiment
includes a probe data collection unit 10, a tradfete indicator generation unit 20, a
traffic state database 30, and a danger notifisate&vice 40 which are communicably
connected to one another via a network NW suchaternet.

Note that the probe data collection unit 10, th#fit state indicator generation
unit 20, the traffic state database 30, and thgelanotification device 40 may also be
communicably connected using a dedicated line asahlocal area network (LAN).
[0016]

The probe data collection unit 10 collects proamdransmitted from on-board
units A mounted on vehicles and portable termifiatarried by pedestrians (on-board
unit probe data and portable terminal probe datejyepredetermined time (for example,
every second).

Specifically, the probe data collection unit 10lects on-board unit probe data
transmitted from the on-board units A (on-boardsAil to An) mounted on each of a
plurality of vehicles via the network NW. In addit, the probe data collection unit 10
collects portable terminal probe data transmittedhfthe portable terminals T (portable

terminals T1 to Tn) carried by each of a pluratifypedestrians via the network NW.
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Note that an application for transmitting portat@eminal probe data and receiving alert
information indicating that “a degree of dangettaf occurrence of a traffic accident is
high” from the danger notification device 40 istaiked on the portable terminals T
carried by pedestrians in advance.

On-board unit probe data includes “transmissice dad time,” “apparatus

apparatus ID,” “position information,” “mang speed,” “alert setting,” and the

type,

like. In addition, portable terminal probe datelinles “apparatus type,” “apparatus
ID,” “position information,” “alert setting,” andche like.

“Transmission date and time” is information inding a date and time at which
probe data is transmitted from an on-board unibéd a portable terminal T. “Apparatus
type” is information for identifying whether a trsmission source of probe data is an
on-board unit A or a portable terminal T. “AppastD” is information that can
identify a transmission source of probe data betvaeon-board unit A or a portable
terminal T. “Position information” is informatiandicating a point (latitude, longitude,
and the like) at which a vehicle on which an onfdaanit A is mounted or a pedestrian
carrying a portable terminal T is located at a deie time at which probe data is
transmitted. “Moving speed” is information indicat a traveling speed (m/s) of the
vehicle on which an on-board unit A is mountechatdate and time at which probe data
is transmitted.

“Alerting setting” is information indicating wheth an on-board unit A and a
portable terminal T receive alert information (“ONF“OFF”). The driver of a vehicle
can arbitrarily switch whether to receive the ailefbrmation through the on-board unit
A. In addition, a pedestrian can arbitrarily sWwitghether to receive the alert

information through an application installed on gwetable terminal T.

[0017]
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FIG. 2 is a diagram which shows an example ofal segment according to the
first embodiment of the present invention.

The traffic state indicator generation unit 20 gfertes a traffic state indicator for
each road segment every predetermined time (fanpbea every second) on the basis of
probe data (on-board unit probe data and portabteinal probe data) collected by the
probe data collection unit 10. Note that the icedtate indicator generation unit 20
generates a “vehicle traffic state indicator” whicticates a traffic state of a vehicle and
a “pedestrian traffic state indicator” which indies a traffic state of a pedestrian for each
road segment in the present embodiment.

Aroad segment, as shown in FIG. 2, indicateg@mnebetween two adjacent
nodes among nodes set for each of a pluralityaffi¢rnodes (intersections, and the like)
onaroad. A°‘link ID” capable of identifying aad segment is attached to each road
segment. For example, as shown in FIG. 2, a [InkB20a” is attached to a road
segment which indicates a lane toward one sideadimdk ID “B20b” is attached to a
road segment which indicates a lane toward ther side in a region between two nodes
(intersections). Note that a node may be furtbeesery predetermined distance when
a distance between traffic nodes is longer tharedgtermined distance (for example,
100 meters). In the present embodiment, the ¢raffite indicator generation unit 20
has map data in which “link ID,” “road segment piasi information” which indicates
the position of a road segment (for example, ld&tand longitude of a start point and an
end point of a road segment), and “length of a sEgMent” are associated with each
other in advance.

Traffic state indicators (a vehicle traffic statdicator and a pedestrian traffic
state indicator) are information indicating traffimtes of a vehicle and a pedestrian

within a road segment. In the present embodintaftic state indicators include
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“traffic volume,” “traffic density,” and “averagepsed.” “Traffic volume” indicates the
number of traveling vehicles per second (vehicéesiad) or the number of traveling
pedestrians (people/second) in a road segment.

“Traffic density” indicates the number of vehiclgghicles/m) or the number of
pedestrians (people/m) per meter in a road segméAterage speed” indicates an
average moving speed (m/s) of traveling vehiclesaweling pedestrians in a road
segment.

In addition, the traffic state indicator generatimit 20 adds data in which a
road segment (a link ID) and information (a parpadbe data) of an on-board unit A and
a portable terminal T located in the road segmentasociated with each other to the
traffic state table D10 of the traffic state da&b80 (FIG. 4) and updates the traffic state
table D10 on the basis of probe data used wheaffectstate indicator is calculated.
Details of the traffic state table D10 will be delsed below.

[0018]

In the traffic state database 30, a traffic stadécator (a vehicle traffic state
indicator and a pedestrian traffic state indicag@merated by the traffic state indicator
generation unit 20, and the traffic state table Biéwn in FIG. 4 are accumulated.
[0019]

The danger notification device 40 predicts a degfedanger which indicates a
probability of the occurrence of a traffic accideneach road segment on the basis of a
traffic state indicator for each road segment réedrin the traffic state database 30. In
addition, the danger notification device 40 trartsralert information indicating that “a
degree of danger is high” to at least one of abaerd unit A and a portable terminal T
located in a corresponding road segment wherditisrmined that a “degree of danger”

of a certain road segment is high.
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[0020]

(Function of traffic state indicator generationtun

FIG. 3 is a diagram which shows a function ofedfic state indicator generation
unit according to the first embodiment of the presevention.

FIG. 4 is a diagram which shows an example oaffi¢rstate table according to
the first embodiment of the present invention.

Hereinafter, a function of the traffic state iratior generation unit 20 of the
present embodiment will be described with referandelGS. 3 and 4.

As shown in FIG. 3, the traffic state indicatongeation unit 20 first acquires
probe data from the probe data collection unit 10hen, the traffic state indicator
generation unit 20 generates a traffic state indidar each road segment based on
probe data collected from a plurality of on-boanitsIA and portable terminals T using
known big data distribution processing technol@gseam data processing technology,
and the like. If the traffic state indicator gemtgon unit 20 generates a traffic state
indicator, it records the traffic state indicatorthe traffic state database 30 for each road
segment. As a result, the traffic state indicgemeration unit 20 can generate a traffic
state indicator in real time according to an acsitalation for each road segment.

[0021]

In addition, the traffic state indicator generatimit 20 adds traffic state data in
which a road segment (a link ID) and informatiorpéat of probe data) of an on-board
unit A and a portable terminal T located in thedrs@agment are associated with each
other to the traffic state table D10 of the traffitate database 30 and updates the traffic
state table D10 on the basis of probe data used w/iteffic state indicator is calculated.
As shown in FIG. 4, “transmission date and time&ath piece of probe data, “apparatus

type,” “apparatus ID,” “position information,” arfdlert setting” of an on-board unit A
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and a portable terminal T which are transmissiarnees of each piece of probe data, and
“link ID” of a road segment in which a vehicle omigh the on-board unit A is mounted
and a pedestrian carrying the portable terminakTl@cated are associated with each
other and recorded in the traffic state table D10.

[0022]

(Processing flow of traffic state indicator geriena unit)

FIG. 5 is a first diagram which shows a procesfliog of the traffic state
indicator generation unit according to the firstoemiment of the present invention.

Hereinafter, a flow of processing of the traffiate indicator generation unit 20
of the present embodiment will be described wifenence to FIG. 5.

[0023]

As shown in FIG. 5, the traffic state indicatongeation unit 20 acquires probe
data collected by the probe data collection uni(diBboard unit probe data and portable
terminal probe data) (step S200).

[0024]

Next, the traffic state indicator generation Wfitgenerates a traffic state
indicator (a vehicle traffic state indicator angealestrian traffic state indicator) for each
road segment, and updates a traffic state tableddXfie basis of probe data (on-board
unit probe data and portable terminal probe datap(S201). Generation processing of
a traffic state indicator and update processinthefraffic state table D10 will be
described below in detail.

[0025]

Next, the traffic state indicator generation W@ftrecords and stores a generated

traffic state indicator and the traffic state tabl&0 for each road segment in the traffic

state database 30 whenever a traffic state indicatalculated. (step S202)
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As described above, the traffic state indicataregation unit 20 repeatedly
executes the processing described above whenesae pgata is acquired.
[0026]

FIG. 6 is a second diagram which shows the praog$ow of the traffic state
indicator generation unit according to the firstoeiment of the present invention.

FIG. 7 is a third diagram which shows the procegdiow of the traffic state
indicator generation unit according to the firstoeiment of the present invention.

Hereinafter, processing of generating a trafftestndicator by the traffic state
indicator generation unit 20 and processing of tipdahe traffic state table D10 will be
described with reference to FIGS. 6 and 7.

[0027]

The traffic state indicator generation unit 26stfias shown in FIG. 6, performs
processing P21 of identifying a road segment irctviai vehicle on which the on-board
unit A that is a transmission source of each paqarobe data is mounted is located
(hereinafter, a road segment in which a vehicledated), and a road segment in which a
pedestrian carrying a portable terminal T is loddtesreinafter, a road segment in which
a pedestrian is located).

In the processing P21, first, the traffic statdicator generation unit 20 reads
“position information” from each piece of probe @#&bn-board unit probe data and
portable terminal probe data) (step S210).

[0028]

Next, the traffic state indicator generation @ttidentifies a road segment in
which each vehicle and each pedestrian are locatede basis of the “position
information” of each piece of probe data (step $211

Specifically, the traffic state indicator geneoatunit 20 searches for a road
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segment having “road segment position informatimetuding the “position
information” (latitude and longitude) of probe d&tam map data and identifies it.
[0029]

Next, the traffic state indicator generation wtlitadds a “link ID” of an
identified road segment to each piece of probe @¢p S212).
[0030]

Next, the traffic state indicator generation wtltadds traffic state data in which
the “transmission date and time,” “apparatus typagparatus ID,” and “alert setting” of
each piece of probe data are associated with ithie ID” of a road segment added in
step S212 to the traffic state table D10 (FIG.e¢prded in the traffic state database 30,
and updates it (step S213).

As described above, the traffic state indicataregation unit 20 repeatedly
executes the processing P21 whenever probe datausred.

[0031]

In addition, as shown in FIG. 7, the traffic stetdicator generation unit 20
performs processing P22 of calculating a traffatesindicator at each time in each road
segment on the basis of a plurality of pieces obprdata (on-board unit probe data and
portable terminal probe data) to which “link ID"aslded by the processing P21
described above.

In the processing P22, first, the traffic stat@icator generation unit 20 extracts
target probe data to be subjected to calculatioongnthe plurality of pieces of probe
data (step S220).

In the present embodiment, the traffic state iaticgeneration unit 20 extracts
probe data indicating that a vehicle is preseminimrbitrary target road segment at an

arbitrary target time as target probe data of arétic processing on the basis of the
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“transmission date and time” and the “link ID” aich piece of probe data. Specifically,
the traffic state indicator generation unit 20 agts probe data having the same “link ID”
as the link 1D of an arbitrary target road segnikat is probe data having the
“transmission date and time” within a predetermitieee (for example, one second)

from an arbitrary target time as target probe datithmetic processing.

[0032]

Next, the traffic state indicator generation W@ltacquires a “moving speed” of
a vehicle on which each on-board unit A is mourttexteinafter, the “moving speed” of a
vehicle) and a “moving speed” of a pedestrian ¢gaggach portable terminal T
(hereinafter, the “moving speed” of a pedestriarjich are included in the target probe
data (step S221).

Specifically, the traffic state indicator geneoatunit 20 first determines
whether the transmission source of each piecealfgpdata is the on-board unit A or the
portable terminal T on the basis of an “apparatpe’t of each piece of probe data
included in the target probe data.

When the “apparatus type” of probe data is théoard unit A, the “moving
speed” of a vehicle is included in correspondingpprdata (on-board unit probe data).
For this reason, the traffic state indicator geti@naunit 20 reads and acquires the
“moving speed” of a vehicle included in the prola#ad Note that, although an example
in which the “moving speed” of on-board unit pratsa is recorded in meters per
second (m/s) is described in the present embodjrienay be recorded in other units
such as in kilometers per hour (km/h) in other edimpents. When the “moving speed”
is recorded in other units, the traffic state ilatiic generation unit 20 may acquire the
“moving speed” by converting it into meters peraet (m/s).

On the other hand, when the “apparatus type” ob@rata is the portable
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terminal T, the “moving speed” of a pedestrianasincluded in corresponding probe
data (portable terminal probe data). For thisorathe traffic state indicator generation
unit 20 acquires the “moving speed” of a pedestoyacalculating it in meters per
second (m/s) on the basis of corresponding protse dd&or example, the traffic state
indicator generation unit 20 searches for proba Hating the same “apparatus ID” as
the “apparatus ID” of corresponding probe data agrmobe data having “transmission
date and time” a predetermined time (for examplesdconds) before the “transmission
date and time” of corresponding probe data, ancetsd it as reference probe data.
Then, the traffic state indicator generation uQitt2quires the “moving speed” of a
pedestrian related to the probe data by calculdtiog the basis of a distance from a
point indicated by “position information” of thefezence probe data to a point indicated
by “position information” of corresponding probetaiaand time difference (10 seconds)
in “transmission date and time” of the referenagbprdata and the probe data.

As described above, when the traffic state indicgéneration unit 20 acquires
the “moving speeds” of a vehicle and a pedestriam frespective probe data included in
the target probe data, the procedure proceedséeatastep.

[0033]

Next, the traffic state indicator generation W@ftcalculates “the number of
vehicles” indicating the number of vehicles on whibe on-board units A located in a
target road segment are mounted, and calculatesttmber of pedestrians” indicating
the number of pedestrians carrying the portableiteal T located in a target road
segment on the basis of each piece of probe datadied in the target probe data (step
S222).

[0034]

Then, the traffic state indicator generation @itsets the “link ID” of a target
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road segment as a search key and acquires a “lehgtk target road segment” by
searching for it from map data (step S223).
[0035]

Then, the traffic state indicator generation @@itcalculates a traffic volume of
vehicles and a traffic volume of pedestrians airgeit time of the target road segment,
respectively. (step S224).

Specifically, the traffic state indicator geneoatunit 20, first, sets “the number
of vehicles” calculated in step S222 as N, the “mg\speed” of each vehicle acquired in
step S221 as vi (i=1 to N), and the “length ofrgeéaroad segment” acquired in step
S223 as K, and obtains a traffic volume q (vehisksond) of vehicles using the

following equation (1).

[0036]
[Equation 1]
> v
i
q=;E (1)
[0037]

In addition, in the same manner, the traffic statécator generation unit 20 sets
“the number of pedestrians” calculated in step S228I, the “moving speed” of each
pedestrian acquired in step S221 as vi (i=1 tcaNyl the “length of a target road
segment” acquired in step S223 as K, and obtairaffec volume q (people/second) of
pedestrians using the equation (1) described above.
[0038]

Next, the traffic state indicator generation Wtltcalculates traffic density of

vehicles and traffic density of pedestrians atrgaitime of a target road segment,
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Specifically, the traffic state indicator geneoatunit 20 sets “the number of
vehicles” calculated in step S222 as N and thegtleiof a target road segment” acquired
in step S223 as K, and obtains a traffic densityekicles/m) of vehicles using the
following equation (2).

[0039]

[Equation 2]
N
- c e e (2)
k K

[0040]

In addition, in the same manner, the traffic statiécator generation unit 20 sets
“the number of pedestrians” calculated in step S&2Rl and the “length of a target road
segment” acquired in step S223 as K, and obtairaffec density k (people/m) of
pedestrians using the equation (2) described above.

[0041]

Next, the traffic state indicator generation W@tltcalculates an average speed of
vehicles at a target time of a target road segaeditan average speed of pedestrians,
respectively (step S226).

Specifically, the traffic state indicator geneoatunit 20 sets “the number of
vehicles” calculated in step S222 as N and the in@pspeed” of each vehicle acquired
in step S221 as vi (i=1 to N), and obtains an ayespeed vs (m/s) of vehicles using the
following equation (3).

[0042]

[Equation 3]
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N
v.
]75=ZNL <.+ (3)
-

l

[0043]

In addition, in the same manner, the traffic statécator generation unit 20 sets
“the number of pedestrians” calculated in step S228 and the “moving speed” of each
pedestrian acquired in step S221 as vi (i=1 tcaNJ| obtains an average speed vs (m/s)
of pedestrians using the equation (3) describetdeabo
[0044]

As described above, the traffic state indicataregation unit 20 repeatedly
executes the processing P22 described above whepreNe data is acquired, and
thereby calculates a traffic state indicator (aiclettraffic state indicator and a
pedestrian traffic state indicator) at each timeach road segment.

[0045]

(Functional configuration of danger notificatioevice)

FIG. 8 is a diagram which shows a functional agunfation of a danger
notification device according to the first embodimhef the present invention.

FIG. 9 is a diagram which shows an example ofelegf danger correlation
data according to the first embodiment of the presesention.

FIG. 10 is a first diagram which shows an exangblalert information
according to the first embodiment of the presewngimtion.

FIG. 11 is a second diagram which shows the exawiphlert information
according to the first embodiment of the presewngirtion.

Hereinafter, a functional configuration of the dannotification device 40 of

the present embodiment will be described with efee to FIGS. 8 to 11.
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As shown in FIG. 8, the danger notification devi€eincludes a traffic state
indicator acquisition unit 410, a danger predictumit 420, a portable terminal data
extraction unit 430, an on-board unit data extaarctinit 440, an alert information
transmission unit 450, and a recording medium 460.

[0046]

The traffic state indicator acquisition unit 416jaires a traffic state indicator
for each road segment from the traffic state dal3® via a network NW. In the
present embodiment, the traffic state indicatou&stion unit 410 acquires only a
vehicle traffic state indicator from traffic statelicators recorded in the traffic state
database 30.

[0047]

The danger prediction unit 420 predicts a degfemnger indicating a
probability of the occurrence of a traffic accideneach road segment on the basis of a
vehicle traffic state indicator of each road segna@quired by the traffic state indicator
acquisition unit 410, and degree of danger coigladata D20 of each road segment
recorded in advance in the recording medium 46G.(5).

Note that the danger prediction unit 420 refer&p data recorded in advance
in the recording medium 460, and may not perforedpmtion of a degree of danger on
road segments in which a vehicle and a pedestrafess likely to collide with each
other such as a road segment having a dedicatedalki and a road segment having
only an exclusive motor-vehicle way. Therebysipossible to reduce processing in
which the danger prediction unit 420 performs thredction of a degree of danger, and
to suppress an alert information transmission 46 (to be described below) from
transmitting unnecessary alert.

[0048]
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The degree of danger correlation data D20 is sladaving a correlation between
each of the traffic volume, traffic density, andeage speed of vehicles and a degree of
danger which indicates the probability of the ocence of a traffic accident for each
road segment. Each piece of the degree of daongeiation data D20 has “traffic
volume-degree of danger correlation data D20adffit density-degree of danger
correlation data D20b,” and “average speed-degrédamyer correlation data D20c” as
shown in FIG. 9.

“Traffic volume-degree of danger correlation dB0a” shows the traffic
volume (vehicles/second) of vehicles on the hotiabaxis and a degree of danger (%)
for the traffic volume of vehicles on the vertiealis. A degree of danger for the traffic
volume of vehicles is data represented as the oeace probability (%) of traffic
accidents for the traffic volume of vehicles bytistically calculating the number of
occurrences of traffic accidents for the traffidurae, and the like among vehicle traffic
indicators in each road segment in the past.

“Traffic density-degree of danger correlation da20b” shows the traffic
density (vehicles/m) of vehicles on the horizomtak and a degree of danger (%) for the
traffic density of vehicles on the vertical axisA degree of danger for the traffic density
of vehicles is data represented as the occurrenotmbility (%) of traffic accidents for
the traffic density of vehicles by statisticallyi@alating the number of occurrences of
traffic accidents for the traffic density, and the among vehicle traffic indicators in
each road segment in the past.

“Average speed-degree of danger correlation d2tacDshows the average
speed (m/s) of vehicles on the horizontal axisadédgree of danger (%) for the average
speed of vehicles on the vertical axis. A degrfegaoger for the average speed of

vehicles is data represented as the occurrencealpiiby (%) of traffic accidents for the
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average speed of vehicles by statistically calowgahe number of occurrences of traffic
accidents for the average speed, and the like awemgle traffic indicators in each road
segment in the past.

[0049]

In the present embodiment, the danger predictioind20 determines that “a
degree of danger is high” when a degree of danigigrecdegree of danger correlation
data D20 is equal to or greater than a predetedmeference value rl. Specifically, as
shown in FIG. 9, the reference value rl is sefoioexample, 10% in a road segment
B10a whose link ID is “B10a.” In this case, thendar prediction unit 420 determines
that “a degree of danger is high” when all of ttadfic volume, traffic density, and
average speed of vehicles traffic state indicatdn® road segment B10a have degrees of
danger with values equal to or greater than thereete value r1 (10%). Moreover, the
danger prediction unit 420 determines “a degredaofer is low” when at least one of
the traffic volume, traffic density, and averageesp of vehicles traffic state indicator of
the road segment B10a has a value of degree okdéegs than the reference value r1
(10%).

Note that the predetermined reference value rlimaset as the same value for
a plurality of road segments, and may also besdifterent values for each road
segment. In addition, the predetermined refereatge rl may be set as different

LT

values for each of “traffic density-degree of dangarelation data D20a,” “traffic

density-degree of danger correlation data D20bg“@average speed-degree of danger
correlation data D20c.”
Furthermore, an example in which, when therersaa segment in which all of

the traffic volume, traffic density, and averageesp of vehicles have values of degree of

danger equal to or greater than the reference va|ube danger prediction unit 420
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determines that the road segment has“a high degmegnger” has been described in the
present embodiment, but the present inventiontisiméded thereto.

In other embodiments, when there is a road segmevtiich at least one of the
traffic volume, traffic density, and average speéuehicles has a value of degree of
danger equal to or greater than the reference va|ube danger prediction unit 420 may
also determine “a degree of danger is high” inrdsel segment.

[0050]

Note that different degree of danger correlatiatad>20 for each month, each
day of week, and each time zone may further berdecbin advance in the recording
medium 460. In this case, the danger prediction48#0 refers to the degree of danger
correlation data D20 on the basis of a month, acdayeek, and a time zone on which
the prediction of a degree of danger is performefs a result, for example, even if
there is a road segment having different degreésuwoder in daytime and nighttime, it is
possible to improve accuracy of predicting a degfe#anger by referring to the
different degree of danger correlation data D2@henbasis of a time zone on which the
danger prediction unit 420 performs the predictba degree of danger.

In addition, an example of obtaining a degreeaofgebr by statistically
calculating the number of occurrences of trafficidents for each of the traffic volume,
traffic density, and average speed of vehiclearhaoad segment in the past has been
described in the present embodiment, but the présesntion is not limited thereto. In
addition to the number of occurrences of trafficidents (the number of actual traffic
accidents), a degree of danger may also be seatistically calculating the number of
traffic accidents likely to occur (for example, tiember of acquisitions of data
indicating sudden braking such as the “moving speédn-board unit probe data being

sharply decreased in a short time).
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[0051]

Then, the danger prediction unit 420 outputs @ segment which is
determined as “the degree of danger is high” tqothi¢able terminal data extraction unit
430 as a danger road segment.  Specifically, thgetgprediction unit 420 outputs the
“link ID” of the danger road segment to the poréatdrminal data extraction unit 430
and the on-board unit data extraction unit 440.

[0052]

The portable terminal data extraction unit 430apts data of a portable
terminal T carried by a pedestrian who is travetimg danger road segment from the
traffic state table D10 of the traffic state dat$30.

Specifically, the portable terminal data extractimit 430 extracts data of a
portable terminal T having the “link ID” of a darrg®ad segment (data in which the
“apparatus type” is a “portable terminal”). In #eduh, the portable terminal data
extraction unit 430 further extracts data of a glole terminal T in which “alert setting”
is “ON” from the extracted data of a portable teradiT.

When the portable terminal data extraction un@ égtracts one or more pieces
of the data of a portable terminal T which have“timk ID” of a corresponding danger
road segment, and in which “alert setting” is “Olh& portable terminal data extraction
unit 430 outputs the extracted data of a portadiminal T to the alert information
transmission unit 450 for each danger road segment.

[0053]

The on-board unit data extraction unit 440 exgraetta of an on-board unit A
mounted on a vehicle which is driving a danger reegiment in which pedestrians are
present from the traffic state table D10 of théfitatate database 30.

Specifically, the on-board unit data extractioiit 440 identifies, first, a danger
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road segment in which a pedestrian is present amanger road segments output from
the danger prediction unit 420. For example, thdvoard unit data extraction unit 440
acquires the “link ID” of a danger road segmenwirich a pedestrian (the data of a
portable terminal T) having the “alert setting”aportable terminal T set to “ON” is
present from the portable terminal data extraatioih 430, thereby identifying such a
danger road segment. Then, the on-board uniteddtaction unit 440 extracts data of
an on-board unit A (data in which the “apparatysetyis a “on-board unit”) having the
same “link ID” as the “link ID” of the identifiedahger road segment. In addition, the
on-board unit data extraction unit 440 further asts data of an on-board unit Ain
which the “alert setting” is “ON” from the extractelata of an on-board unit A.

As described above, when the on-board unit data&ion unit 440 extracts
one or more pieces of the data of an on-boardAuwitich have the “link ID” of a danger
road segment in which a pedestrian is presentirawtiich the “alert setting” is “ON,”
the on-board unit data extraction unit 440 outplsextracted data of the on-board unit
Ato the alert information transmission unit 450 éach danger road segment.

[0054]

The alert information transmission unit 450 traitsralert information to at
least one of the portable terminal T and the orrdboait A via the network NW on the
basis of the data of the portable terminal T amdaih-board unit A, which are extracted
by the portable terminal data extraction unit 480 the on-board unit data extraction
unit 440.

The alert information includes at least one aéx,tan image, voice, and the like
which indicate that a degree of danger at whidlaffi¢ accident occurs is high. In
addition, the alert information may also includes$gion information” of a portable

terminal T and an on-board unit A.
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Note that the alert information transmission 440 may also transmit different
alert information between a portable terminal T andn-board unit A according to
functions of the portable terminal T and the onfdaait A. For example, the alert
information transmission unit 450 may also transaniinstruction to operate vibration to
a portable terminal T having a vibration functianadert information. In addition, when
a portable terminal T is outputting sound such asio) the alert information
transmission unit 450 may also transmit an insioadip suspend the sound and to output
sound for alert information to the portable ternhihas alert information.

[0055]

Specifically, the alert information transmissiamtuw50, on the basis of an
“apparatus ID” included in the data of a portalelertinal T extracted by the portable
terminal data extraction unit 430, transmits algidrmation to a portable terminal T
having the same “apparatus ID” as the “apparatus ID

If the portable terminal T receives alert inforioat for example, as shown in
FIG. 10, it outputs the alert information as visimbrmation such as text and images as
shown in FIG. 11. In addition, the portable terahili may output the alert information
as voice information from a speaker, and may atgifyna pedestrian that the alert
information is received using vibration or the likeFurthermore, when the “position
information” of an on-board unit A is included imet alert information, the position of the
on-board unit A may be indicated by an image, nrsapnd, or the like. By performing
such notification, it is possible to cause a pedastarrying the portable terminal T to
recognize that a “degree of danger” of a road segimevhich the pedestrian is currently
traveling is high.

In addition, the alert information transmissiont4%b0, on the basis of an

“apparatus ID” included in data of an on-board énéxtracted by the on-board unit data
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extraction unit 440, transmits alert informatioratoon-board unit A having the same
“apparatus ID” as the “apparatus ID.”

If the on-board unit A receives alert informatidor, example, the on-board unit
A outputs the alert information as visual informatisuch as text or images as shown in
FIG. 11. In addition, the on-board unit A may atedgput the alert information as voice
information from a speaker. Moreover, when thetatéormation includes the
“position information” of a portable terminal T,gfposition of the portable terminal T
may be indicated by an image, a map, sound, dikbhe By performing such a
notification, it is notified to a driver of a velhécand the like on which the on-board unit
Ais mounted that a “degree of danger” of a roaghveent in which the driver is currently
traveling is high and a pedestrian having “alettirsg” set to “ON” is present in the road
segment in which the driver is currently traveling.

Note that an example in which the alert informati@nsmission unit 450
transmits alert information to a portable termifi@nd an on-board unit A has been
described in the present embodiment, but the présesntion is not limited thereto.
The alert information transmission unit 450 mayafansmit alert information only to a
portable terminal T, and may also transmit aleidrimation only to an on-board unit A.
[0056]

The degree of danger correlation data D20 andntdye data are recorded in the
recording medium 460 in advance.

[0057]

(Processing flow of danger notification device)

FIG. 12 is a first diagram which shows a procesfliow of the danger
notification device according to the first embodimhef the present invention.

FIG. 13 is a second diagram which shows the psiegd$low of the danger
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notification device according to the first embodimhef the present invention.

Hereinafter, a flow of processing of the dangédification device 40 of the
present embodiment will be described with referendelGS. 12 and 13.

[0058]

First, the danger notification device 40 perfopnscessing P40 of predicting a
degree of danger which indicates the probabilitthefoccurrence of a traffic accident of
each road segment as shown in FIG. 12.

In the processing P40, the traffic state indicataquisition unit 410, first, selects
a road segment on which the prediction of a degfelanger is performed as a “target
road segment” (step S400).

The traffic state indicator acquisition unit 4Hexts, for example, a road
segment having a link ID with the smallest valu@ darget road segment. In the
example of FIG. 2, the traffic state indicator asgion unit 410 selects the road segment
B10a having the smallest value of “B10a” amonguaglity of link IDs as a target road
segment.

[0059]

Next, the traffic state indicator acquisition whitO acquires the vehicle traffic
state indicator of a target road segment fromridufic state database 30 via the network
NW (step S401). Specifically, the traffic statdigator acquisition unit 410 acquires a
vehicle traffic state indicator having the sam& liD as the link ID of a target road
segment among a plurality of vehicle traffic infation indicators by searching for it
from the traffic state database 30.

[0060]
Next, the danger prediction unit 420 acquirestibgree of danger correlation

data D20 of a target road segment from the recgnaiedium 460 (step S402).
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Specifically, the danger prediction unit 420 acgsidegree of danger correlation data
D20 having the same “link ID” as the “link ID” oftarget road segment by searching for
it from a plurality of pieces of degree of dangerrelation data D20 recorded in the
recording medium 460.

[0061]

Then, the danger prediction unit 420 determinestidr a “degree of danger for
a traffic volume” of a target road segment is eqaar greater than a reference value rl
on the basis of the vehicle traffic state indicatbthe target road segment and the degree
of danger correlation data D20 of the target raagh®ent (step S403).

In the degree of danger correlation data D20 ttf&ic volume-degree of
danger correlation data D20a) shown in FIG. 9réffierence value rl of the “degree of
danger for a traffic volume” of the road segmen08 Wwhich is a target road segment is
set to, for example, 10%. In addition, a ranga @élue for the traffic volume in which
the degree of danger is equal to or greater thanetierence value rl1 (10%) is “equal to
or greater than g1 and less than g2.”

For this reason, when a “traffic volume” of thehigde traffic state indicator of
the road segment B10a is within the range of “etjuak greater than g1 and less than
g2”, the danger prediction unit 420 determines fttie degree of danger for the traffic
volume of the road segment B10a is equal to ortgreélan the reference value r1” (YES
in step S403), and the procedure proceeds to astegxiS404.

On the other hand, when the “traffic volume” of thehicle traffic state indicator
of the road segment B10a is not included withinrdrege of “equal to or greater than g1
and less than g2, the danger prediction unit 42@mnines that “the degree of danger
for the traffic volume of the road segment B10k&s than the reference value r1” (NO

in step S403), and the procedure proceeds to &5gi@p.
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[0062]

Next, the danger prediction unit 420 determinestivér a “degree of danger for
the traffic density” of a target road segment iga@do or greater than the reference value
rl on the basis of the vehicle traffic state inthcaf the target road segment and the
degree of danger correlation data D20 of the tangged segment (step S404).

In the degree of danger correlation data D20 tfféic density-degree of
danger correlation data D20b) shown in FIG. 9 feremce value rl of the “degree of
danger for a traffic density” of the road segmeh08 which is a target road segment is
set to, for example, 10%. In addition, a ranga wélue for the traffic density in which
the degree of danger is equal to or greater thanetierence value rl1 (10%) is “equal to
or greater than k1 and less than k2.”

For this reason, when a “traffic density” of thehicle traffic state indicator of
the road segment B10a is within the range of “etmak greater than k1 and less than
k2", the danger prediction unit 420 determines ttia degree of danger for the traffic
density of the road segment B10a is equal to aatgrehan the reference value r1” (YES
in step S404), and the procedure proceeds to astegxiS405.

On the other hand, when the “traffic density” lo€ tvehicle traffic state indicator
of the road segment B10a is not included withinrtirege of “equal to or greater than k1
and less than k2", the danger prediction unit 42@wnines that “the degree of danger
for the traffic density of the road segment B10kss than the reference value r1” (NO
in step S404), and the procedure proceeds to ¢pezt07.

[0063]

Next, the danger prediction unit 420 determinestivér a “degree of danger for

an average speed” of a target road segment is aguoalgreater than the reference value

rl on the basis of the vehicle traffic state inthcaf the target road segment and the
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degree of danger correlation data D20 of the tangged segment (step S405).

In the degree of danger correlation data D20 gtlerage speed-degree of
danger correlation data D20c) shown in FIG. 9 feremce value rl of the “degree of
danger for an average speed” of the road segmeda ®hich is a target road segment is
set to, for example, 10%. In addition, a ranga wélue for the average speed in which
the degree of danger is equal to or greater thanetierence value rl1 (10%) is “equal to
or greater than v1.”

For this reason, when an “average speed” of theleetraffic state indicator of
the road segment B10a is within the range of “etmal greater than v1”, the danger
prediction unit 420 determines that “the degredaofger for the average speed of the
road segment B10a is equal to or greater tharefieeemce value r1” (YES in step S405),
and the procedure proceeds to a next step S406.

On the other hand, when the “average speed” ofehele traffic state indicator
of the road segment B10a is not included withinrtirege of “equal to or greater than
v1”, the danger prediction unit 420 determines thia degree of danger for the average
speed of the road segment B10a is less than tbeerefe value r1” (NO in step S405),
and the procedure proceeds to the step S407.

[0064]

When the degree of danger for each of the “trafbitme,” “traffic density,”
and “average speed” of vehicles in a target rogthsat is equal to or greater than the
reference value rl (YES in step S403, YES in s#piSand YES in step S405), the
danger prediction unit 420 determines the targad sEgment as “the degree of danger is
high” (step S406). Then, the danger predictiont 480D sets a road segment determined
as “the degree of danger is high” as a danger segthent, and outputs it to the portable

terminal data extraction unit 430. Specificallye tdanger prediction unit 420 outputs
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the “link ID” of a danger road segment to the pbigaterminal data extraction unit 430.
[0065]

In addition, when the degree of danger for anyafrtae “traffic volume,”

“traffic density,” and “average speed” of vehiclasa target road segment is less than the
reference value r1 (NO in step S403, NO in stepdS40ONO in step S405), the danger
prediction unit 420 determines the target road ssgras “the degree of danger is not
high” (step S407).

As described above, the danger notification de@executes the processing
P40 described above on all road segments.

[0066]

In addition, the danger notification device 40fpens processing P41 of
transmitting alert information to at least one gfaatable terminal T and an on-board unit
A located in each danger road segment determinéti@slegree of danger is high” by
the danger prediction unit 420 in the processing &4shown in FIG. 13.

In the processing P41, the portable terminal dataaction unit 430, first,
extracts the data of the portable terminal T latt@&tea danger road segment from the
traffic state table D10 of the traffic state dawb80 (step S410). Specifically, the
portable terminal data extraction unit 430 extralet& in which the data (data in which
the “apparatus type” is a “portable terminal”) bétportable terminal T having the “link
ID” of the danger road segment. In addition, theigble terminal data extraction unit
430 further extracts the data of the portable teahil in which the “alert setting” is
“ON” among the extracted data of the portable teahT.

When the portable terminal data extraction un@ égtracts one or more pieces
of the data of the portable terminal T which hawe tink ID” of the danger road

segment, and in which the “alert setting” is “Oh& portable terminal data extraction
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unit 430 outputs the extracted data of the portastainal T to the alert information
transmission unit 450.
[0067]

Next, the on-board unit data extraction unit 440axts data of an on-board unit
A located in the danger road segment from theitrathte table D10 of the traffic state
database 30 (step S411).

Specifically, the on-board unit data extractioiit 440 identifies, first, a danger
road segment in which a pedestrian is present amdanger road segments output from
the danger prediction unit 420. For example, thdvoard unit data extraction unit 440
acquires the “link ID” of a danger road segmenwirich a pedestrian (the data of a
portable terminal T) having the “alert setting”aportable terminal T set to “ON” from
the portable terminal data extraction unit 430rebyg identifying such a danger road
segment. Then, the on-board unit data extractmindd0 extracts the data (data in
which the “apparatus type” is a “on-board unit”)asf on-board unit A having the same
“link ID” as the “link ID” of the identified dangeroad segment. In addition, the
on-board unit data extraction unit 440 further asts the data of an on-board unit A in
which the “alert setting” is “ON” among the extradtdata of an on-board unit A.

When the on-board unit data extraction unit 440aexs one or more pieces of
the data of an on-board unit A which have the “liBk of a danger road segment in
which a pedestrian is present, and in which thertaletting” is “ON,” the on-board unit
data extraction unit 440 outputs the extracted dhsm on-board unit A to the alert
information transmission unit 450.

[0068]
Next, the alert information transmission unit 4Bhsmits alert information to

at least one of the portable terminal T and théoard unit A via the network NW on the
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basis of the data of the portable terminal T amdaih-board unit A extracted by the

portable terminal data extraction unit 430 anddhéoard unit data extraction unit 440
(step S412).

If the alert information transmission unit 450 quates the transmission of alert
information to each portable terminal T and eactboard unit A, the danger notification
device 40 ends processing for a target road segftientoad segment B10a).

As described above, the danger notification de@executes the processing
P41 with respect to all danger road segments.

[0069]

(Hardware configuration of danger notification ey

FIG. 14 is a diagram which shows an example airdware configuration of the
danger notification device according to the firstmdiment of the present invention.

Hereinafter, an example of hardware configuratibthe danger notification
device 40 in the present embodiment will be descriith reference to FIG. 14.

[0070]

A computer 900 includes a CPU 901, a main stodaygce 902, an auxiliary
storage device 903, an input/output interface @80d,a communication interface 905.

The danger notification device 40 described ahswaplemented in the
computer 900. Then, an operation of each proogssiit described above is stored in
the auxiliary storage device 903 in a form of pesgr The CPU 901 develops a
program in the main storage device 902 by readifrom the auxiliary storage device
903, and executes the processing described abowedatg to the program. In addition,
the CPU 901 secures a storage region correspotwlihg recording medium 460 in the
main storage device 902 according to the prograim.addition, the CPU 901 secures a

storage region for storing data being processdideimuxiliary storage device 903
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according to the program. Note that the compui@ray be connected to an external
storage device 910 via the input/output interfa@é &nd the storage region
corresponding to the recording medium 460 may béssecured in the external storage
device 910. In addition, the computer 900 maydrenected to an external storage
device 920 via the communication interface 905, thedstorage region corresponding to
the recording medium 460 may also be secured iexternal storage device 920.

[0071]

Note that the auxiliary storage device 903 isxangle of a non-transitory
tangible medium in at least one embodiment. Odlkxamples of the non-transitory
tangible medium include a magnetic disk, a magwogtcal disc, a CD-ROM, a
DVD-ROM, a semiconductor memory, and the like canee via the input/output
interface 904. Moreover, when this program iswégkd to the computer 900 via a
communication line, the computer 900 which recethesdelivery may develop the
program in the main storage device 902 and exe¢hatprocessing described above.
[0072]

In addition, the program may be used to realiparaof the function described
above.

Furthermore, the program may be a so-called eéiffee file (difference
program) which realizes the function described ablmy combining it with another
program already stored in the auxiliary storageaie903.

[0073]

In addition, the danger notification device 40 nh@yconstituted by one
computer 900, and may also be constituted by alyiof computers connected to be
communicable. For example, each function of thegdanotification device 40 may

also be provided by the traffic state indicatoregation unit 20.
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[0074]

(Operational effect)

As described above, the danger notification de#@according to the present
embodiment includes the traffic state indicatorusitjon unit 410 which acquires a
vehicle traffic state indicator of each road seghfierm the traffic state database 30, the
danger prediction unit 420 which predicts a degfeganger indicating the probability of
the occurrence of a traffic accident in each raggihreent on the basis of a vehicle traffic
state indicator, and the alert information transmis unit 450 which, when the danger
prediction unit determines that the degree of danfja road segment is equal to or
greater than a predetermined reference valuearisitnits alert information to at least one
of an on-board unit A mounted on a vehicle locatetthe road segment and a portable
terminal T carried by a pedestrian.

The degree of danger of a road segment may bereiiff depending on the
traffic volume, traffic density, and average speédn actual vehicle in the road segment.
For example, when a plurality of vehicle travelatchigh speeds in the road segment
B10a (FIG. 2), that is, when the degree of dangeeé&ch of the traffic volume, traffic
density, and average speed of vehicles in thegegthent B10a is equal to or greater
than the predetermined reference value rl, theagssibility that the probability of the
occurrence of a traffic accident may increase értfad segment B10a. On the other
hand, when a lot of vehicles with low speeds dusotgestion and the like are traveling
in the road segment B10a, that is, the degreeargjat for the traffic volume and traffic
density of vehicles are equal to or greater tharptedetermined reference value rl, but,
when the degree of danger for the average speeshadles is less than the
predetermined reference value r1, there is a ptigsibat the probability of the

occurrence of a traffic accident may decrease.
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However, even if a degree of danger is differeagahding on an actual situation
of a road segment in this manner, the danger gredianit 420 of the present
embodiment predicts a degree of danger accordiagv&hicle traffic state indicator for
each road segment, and thus can improve accuragmgdiction of the degree of danger
of each road segment. In addition, the alert métfon transmission unit 450 can
perform an alert operation by transmitting alefbimation to at least one of an on-board
unit A and a portable terminal T located in a danmgad segment which is determined
that “the degree of danger is high” by the dangedigtion unit 420, and can suppress
transmission of unnecessary alert information tomdoard unit A and a portable
terminal T located in a road segment which is deiteed that “the degree of danger is
low” by the danger prediction unit 420.

[0075]

In addition, the danger prediction unit 420 pré&sia degree of danger on the
basis of a vehicle traffic state indicator acquibgdhe traffic state indicator acquisition
unit 410, and the degree of danger correlation B2tin which the probability of the
occurrence of a traffic accident for each of tladfic volume, traffic density, and average
speed in the past vehicle traffic state indicadaassociated with each road segment.

In this manner, the danger prediction unit 42@neto both a current vehicle
traffic state indicator acquired by the traffictstandicator acquisition unit 410 and the
degree of danger correlation data D20 which shixgptobability of the occurrence of a
traffic accident for the past vehicle traffic statdicator, and thereby it is possible to
further improve accuracy in prediction of a degpédanger.

[0076]
In addition, when the danger prediction unit 42@edmines that the degree of

danger of a road segment is equal to or greatardtmedetermined reference value rl,
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and when a pedestrian is present in the road sdgtheralert information transmission
unit 450 transmits alert information to an on-boanit A mounted on a vehicle which is
traveling the road segment.

Specifically, when the danger prediction unit 42@ermines that the degree of
danger of a road segment is equal to or greataral@edetermined reference value r1,
the danger prediction unit 420 outputs the roadnse to the on-board unit data
extraction unit 440 as a danger road segment iotwitie “degree of danger is high.”
The on-board unit data extraction unit 440 extréwesdata of an on-board unit A
mounted on a vehicle which is traveling a dangadreegment in which a pedestrian is
present. Then, the alert information transmissioi 450 transmits alert information to
the on-board unit A on the basis of the data ofotiioard unit A extracted by the
on-board unit data extraction unit 440.

In this manner, the alert information transmissioit 450 can alert a vehicle
traveling in a road segment in which the degregaoiger is high and a pedestrian is
present by transmitting alert information to anbward unit A, and can suppress
transmission of unnecessary alert information tomdoard unit A located in a road
segment in which the degree of danger is hightmretis no pedestrian.

[0077]

In addition, the portable terminal data extractumit 430 and the on-board unit
data extraction unit 440 extract data of a portédaiminal T and an on-board unit Ain
which the “alert setting” is “ON.” As a result,dlalert information transmission unit
450 transmits alert information to the portablenieal T and the on-board unit A in
which the “alert setting” is “ON,” thereby perforng an alert operation only on a
pedestrian, the driver of a vehicle, and the liia tesire to receive the alert information.

In addition, it is possible to suppress transmissibunnecessary alert information to a



10

15

20

25

4C

portable terminal T and an on-board unit A thahdodesire to receive the alert
information.

For example, a pedestrian who may not be awatteecipproach of a vehicle
such as a person with visual and hearing disadslgets the “alert setting” of a portable
terminal T to “ON,” thereby recognizing that thegdee of danger of a road segment in
which traveling is high via alert information tramisted to the portable terminal T.

In addition, the on-board unit data extractiont 4di0 extracts the data of an
on-board unit A located in a danger road segmewtich a pedestrian having the “alert
setting” of a portable terminal T set to “ON” isggent.  For this reason, the alert
information transmission unit 450 transmits alaformation that a pedestrian having the
“alert setting” of a portable terminal set to “ONHat is, a pedestrian who may not be
aware of the approach of a vehicle such as a pevibrvisual and hearing disabilities,
is traveling the same road segment to a vehicktooh an on-board unit A is mounted,
and thereby it is possible to perform an alert appen on the vehicle.

[0078]

In addition, the danger notification system 1 adowg to the present
embodiment includes the danger notification de¥i@alescribed above, the probe data
collection unit 10 which collects on-board unit peodata including the position
information of an on-board unit A mounted on eath plurality of vehicles and portable
terminal probe data including the position inforioatof a portable terminal T carried by
each of a plurality of pedestrians, and the tredtate indicator generation unit 20 which
generates a traffic state indicator for each reapment and records it in the traffic state
database 30 on the basis of the on-board unit ptatzeand the portable terminal probe
data.

In this manner, the traffic state indicator getieraunit 20 can generate a traffic
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state indicator in accordance with a situationroaatual road segment on the basis of the
on-board unit probe data and the portable terngr@e data successively collected by
the probe data collection unit 10. For this reasioa traffic state indicator generation
unit 20 can improve the accuracy in traffic sta@icator. In addition, the danger
notification device 40 can improve accuracy in cgdn of a degree of danger of each
road segment on the basis of a traffic state indicaith higher accuracy in this manner.
[0079]

<Modified example of first embodiment>

Next, a danger notification system 1 according todified example of the first
embodiment of the present invention will be desaulilvith reference to FIGS.15 and 16.

Components common to those in the first embodiméhbe denoted by the
same reference numerals and detailed descriptevedhwill be omitted.

In the first embodiment, an aspect in which thegea prediction unit 420 of the
danger notification device 40 performs the prediciof a degree of danger on the basis
of the “vehicle traffic state indicator” and “degref danger correlation data” has been
described. In the present modified example, tmgedaprediction unit 420 of the
danger notification device 40 is different fromttiathe first embodiment in that the
prediction of a degree of danger is performed enbidsis of the “vehicle traffic state
indicator”, the “pedestrian traffic state indicdtand “degree of danger correlation
data.”

[0080]

(Processing flow of danger notification device)

FIG. 15 is a diagram which shows a processing tda danger notification
device according to a modified example of the ®rsibodiment of the present invention.

FIG. 16 is a diagram which shows an example ofekegf danger correlation
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data according to the modified example of the Brabodiment of the present invention.

The danger notification device 40 according toghesent modified example
performs processing P42 of predicting a degreexnfidr indicating the probability of
the occurrence of a traffic accident of each raggheent instead of the processing P40 of
the first embodiment (FIG. 12) as shown in FIG. 15.

[0081]

In the processing P42, the traffic state indicatajuisition unit 410, first, selects
a road segment in which the prediction of a degfetanger is performed as a “target
road segment” (step S420).

The traffic state indicator acquisition unit 4¥Hests a road segment having the
link ID with the smallest value as a target roagisent. In the example of FIG. 2, the
traffic state indicator acquisition unit 410 segeatroad segment B10a having the
smallest value “B10a” among a plurality of “link $Das a target road segment.

[0082]

Next, the traffic state indicator acquisition uhitO acquires the vehicle traffic
state indicator and pedestrian traffic state inicaf the target road segment from the
traffic state database 30 via the network NW (§&4p1). Specifically, the traffic state
indicator acquisition unit 410 acquires a vehicsdfic state indicator having the same
“link ID" as the “link ID” of the target road segmefrom the traffic state database 30 by
searching for it among a plurality of vehicle trafftate indicators. In addition, the
traffic state indicator acquisition unit 410 ac@sila pedestrian traffic state indicator
having the same “link ID” as the “link ID” of thartget road segment from the traffic
state database 30 by searching for it among alipyuoh pedestrian traffic state
indicators.

[0083]
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Next, the danger prediction unit 420 acquiresdibgree of danger correlation
data D21 of a target road segment (FIG. 16) froerétording medium 460 (step S422).
Specifically, the danger prediction unit 420 acgsia degree of danger correlation data
D21 having the same “link ID” as the “link ID” oftarget road segment from a plurality
of pieces of degree of danger correlation data @2trded in the recording medium 460
by searching for it.

[0084]

The degree of danger correlation data D21 iswateh indicates a correlation
between each of the traffic volume, traffic densityd average speed of vehicles and
pedestrians and a degree of danger indicatingrtiteapility of the occurrence of a traffic
accident for each road segment. Each piece okdagrdanger correlation data D21
has “traffic volume-degree of danger correlatiotada?1a,” “traffic density-degree of
danger correlation data D21b,” and “average spegple® of danger correlation data
D21c” as shown in FIG. 16.

The “traffic volume-degree of danger correlati@ialD21a” shows the traffic
volume of vehicles (vehicles/second) and the taffilume of pedestrians
(people/second) on the horizontal axis, and shbeisiegree of danger (%) for the traffic
volume of vehicles and the degree of danger (%)Hertraffic volume of pedestrians on
the vertical axis. A solid line indicates the dsgyof danger for the traffic volume of
vehicles, and a broken line indicates the degretnger for the traffic volume of
pedestrians. The degree of danger for the traffieme of vehicles is the same as in
the first embodiment. In addition, the degreeaniger for the traffic volume of
pedestrians is data expressed as the occurrenoabjlity (%) of a traffic accident with
respect to the traffic volume of pedestrians btistteally calculating the number of

traffic accidents which have occurred with resgedhe traffic volume of pedestrians in
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each road segment in the past, and the like.

“Traffic density-degree of danger correlation da@ilb” shows the traffic
density of vehicles (vehicles/m) and the traffinsiéy of pedestrians (people/m) on the
horizontal axis, and shows the degree of dangerfd¢¥dhe traffic density of vehicles and
the degree of danger (%) for the traffic densitpedlestrians on the vertical axis. A
solid line indicates the degree of danger for th#it density of vehicles, and a broken
line indicates the degree of danger for the traf@asity of pedestrians. The degree of
danger for the traffic density of vehicles is tlng as in the first embodiment. In
addition, the degree of danger for the traffic dignsf pedestrians is data expressed as
the occurrence probability (%) of a traffic accitlesith respect to the traffic density of

pedestrians by statistically calculating the nundderaffic accidents which have

occurred with respect to the traffic density of @&tdans in each road segment in the past,

and the like.

“Average speed-degree of danger correlation datcDshows the average
speed of vehicles (m/s) and the average speedleSpens (m/s) on the horizontal axis,
and shows the degree of danger (%) for the avespeed of vehicles and the degree of
danger (%) for the average speed of pedestriatiseovertical axis. A solid line
indicates the degree of danger for the averagedspieeehicles, and a broken line
indicates the degree of danger for the averagedspiggedestrians. The degree of
danger for the average speed of vehicles is the senmn the first embodiment. In
addition, the degree of danger for the averagedspepedestrians is data expressed as
the occurrence probability (%) of a traffic accitleith respect to the average speed of
pedestrians by statistically calculating the nundderaffic accidents which have
occurred with respect to the average speed of preatesin each road segment in the past,

and the like.
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[0085]

Next, the danger prediction unit 420 determinestivér a “degree of danger for
the traffic volume of vehicles” of a target roadjseent is equal to or greater than a
reference value rl, and whether a “degree of dafiogéhe traffic volume of pedestrians”
of the target road segment is equal to or grehter the reference value r1 on the basis of
the vehicle traffic state indicator and pedesttraffic state indicator of the target road
segment, and the degree of danger correlationRizteof the target road segment (step
S423).

In the degree of danger correlation data D21 ttféic volume-degree of
danger correlation data D21a) shown in FIG. 16yéference value rl of the “degree of
danger for a traffic volume” of the road segmen@08 Which is a target road segment is
set to, for example, 10%. In addition, the ranfya walue for the traffic volume of
vehicles in which the degree of danger is equal tgreater than the reference value rl
(10%) is “equal to or greater than g1 and less tifighand a range of a value for the
traffic volume of pedestrians is “equal to or gegahan g3 and less than g4.”

For this reason, when the “traffic volume” of tehicle traffic state indicator of
the road segment B10a is within the range of “etjuak greater than g1 and less than
g2”, and the “traffic volume” of the pedestrianftiastate indicator thereof is within the
range of “equal to or greater than q3 and less tidahthe danger prediction unit 420
determines that “the degree of danger for theitrafflume of the road segment B10a is
equal to or greater than the reference value rEYn step S423), and the procedure
proceeds to a next step S424.

On the other hand, when the “traffic volume” of trehicle traffic state indicator
of the road segment B10a is not included withinrtirege of “equal to or greater than gl

and less than g2”, or when the “traffic volume'tioé pedestrian traffic state indicator
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thereof is not included within the range of “eqtmbr greater than q3 and less than g4,”
the danger prediction unit 420 determines that tibgree of danger for the traffic
volume of the road segment B10a is less than fieeergce value r1” (NO in step S423),
and the procedure proceeds to the step S427.

[0086]

Next, the danger prediction unit 420 determinestivér a “degree of danger for
the traffic density of vehicles” of a target roafjment is equal to or greater than a
reference value rl, and whether a “degree of dafioge¢he traffic density of pedestrians”
of the target road segment is equal to or grehter the reference value r1 on the basis of
the vehicle traffic state indicator and pedesttraffic state indicator of the target road
segment, and the degree of danger correlationRizteof the target road segment (step
S424).

In the degree of danger correlation data D21 tftféic density-degree of
danger correlation data D21b) shown in FIG. 16 rétfierence value rl of the “degree of
danger for a traffic density” of the road segmeh08 which is a target road segment is
set to, for example, 10%. In addition, the ranfya walue for the traffic density of
vehicles in which the degree of danger is equal tgreater than the reference value rl
(10%) is “equal to or greater than k1 and less k#3hand a range of a value for the
traffic density of pedestrians is “equal to or geedhan k3 and less than k4.”

For this reason, when the “traffic density” of trehicle traffic state indicator of
the road segment B10a is within the range of “etmak greater than k1 and less than
k2", and the “traffic density” of the pedestriaaffic state indicator thereof is within the
range of “equal to or greater than k3 and less Kdghthe danger prediction unit 420
determines that “the degree of danger for theitraténsity of the road segment B10a is

equal to or greater than the reference value rEYn step S424), and the procedure
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proceeds to a next step S425.

On the other hand, when the “traffic density” lo¢ tvehicle traffic state indicator
of the road segment B10a is not included withinrtirege of “equal to or greater than k1
and less than k2", or when the “traffic densitytbé pedestrian traffic state indicator
thereof is not included within the range of “eqtebr greater than k3 and less than k4,”
the danger prediction unit 420 determines that tibgree of danger for the traffic
density of the road segment B10a is less thanetleeence value r1” (NO in step S424),
and the procedure proceeds to the step S427.

[0087]

Next, the danger prediction unit 420 determinestivér a “degree of danger for
the average speed of vehicles” of a target roacheagis equal to or greater than a
reference value rl, or whether a “degree of dafayehe average speed of pedestrians”
of the target road segment is equal to or grehter the reference value r1 on the basis of
the vehicle traffic state indicator and pedesttraffic state indicator of the target road
segment, and the degree of danger correlationRizteof the target road segment (step
S425).

In the degree of danger correlation data D21 gtlerage speed-degree of
danger correlation data D21c) shown in FIG. 16 rédference value rl of the “degree of
danger for an average speed” of the road segmeda ®hich is a target road segment is
set to, for example, 10%. In addition, the ranfya @alue for the average speed of
vehicles in which the degree of danger is equal tgreater than the reference value rl
(10%) is “equal to or greater than v1,” and a raofe value for the average speed of
pedestrians is “equal to or greater than v2.”

For this reason, when the “average speed” of éecle traffic state indicator of

the road segment B10a is within the range of “etmal greater than v1”, and the
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“average speed” of the pedestrian traffic statecatdr thereof is within the range of
“equal to or greater than v2,” the danger predictiait 420 determines that “the degree
of danger for the average speed of the road segBidl# is equal to or greater than the
reference value r1” (YES in step S425), and thegulare proceeds to a next step S426.

On the other hand, when the “average speed” ofehele traffic state indicator
of the road segment B10a is not included withinrtirege of “equal to or greater than
v1”, or when the “average speed” of the pedestriific state indicator thereof is not
included within the range of “equal to or greatert v2,” the danger prediction unit 420
determines that “the degree of danger for the @eespeed of the road segment B10a is
less than the reference value r1” (NO in step S42%] the procedure proceeds to the
step S427.
[0088]

When the degree of danger for each of the “trafbitme,” “traffic density,”
and “average speed” of vehicles and pedestriaadanget road segment is equal to or
greater than the reference value rl1 (YES in st&§8SYES in step S424, and YES in step
S425), the danger prediction unit 420 determinegdiget road segment as “the degree
of danger is high” (step S426). Then, the dangediption unit 420 sets a road
segment determined as “the degree of danger i$ hgya danger road segment, and
outputs it to the portable terminal data extractioit 430. Specifically, the danger
prediction unit 420 outputs the “link ID” of a dagrgroad segment to the portable
terminal data extraction unit 430.
[0089]

In addition, when the degree of danger for anyafrtee “traffic volume,”
“traffic density,” and “average speed” of vehicke®d pedestrians in a target road

segment is less than the reference value rl (NsBem S423, NO in step S424, or NO in



10

15

20

25

48

step S425), the danger prediction unit 420 detezmihe target road segment as “the
degree of danger is low” (step S427).

As described above, the danger notification ded@executes the processing
P42 described above on all road segments.

[0090]

(Operational effect)

As described above, in the danger notificationae40 according to the present
modified example, the traffic state indicator asgfion unit 410 acquires a vehicle traffic
state indicator and a pedestrian traffic statecemir of each road segment from the
traffic state database 30. The danger prediction420 predicts a degree of danger
indicating the occurrence probability of a traficcident in each road segment on the
basis of the vehicle traffic state indicator anel pledestrian traffic state indicator of each
road segment.

The degree of danger of a road segment may bereiiff depending on the
actual traffic volume, traffic density, average ep®f vehicles, and the actual traffic
volume, traffic density, and average speed of gedes in a corresponding road
segment. For example, when there are a lot otleshtraveling at high speed in the
road segment B10a (FIG. 2), that is, when theitrafilume or traffic density of
pedestrians is low even though the degree of dépngeach of the traffic volume, traffic
density, and average speed of vehicles in thesegthent B10a is equal to or greater
than a predetermined reference value r1, the degré@nger may be low.

However, even when the degree of danger is diftatepending on situations of
vehicles and pedestrians in a road segment imthimer, the danger prediction unit 420
of the present embodiment predicts a degree ofetaargording to both a vehicle traffic

state indicator and a pedestrian traffic stateacheoad segment, thereby improving
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accuracy in prediction of the degree of dangelactheoad segment.
[0091]

As described above, the embodiments of the presestion have been
described in details, but the present inventiamoislimited thereto as long as not
departing from a technical concept of the presergntion, and some design changes
and the like can be made.

For example, an aspect in which a pedestrianesaariportable terminal T has
been described in the embodiments, but the pré@sesrttion is not limited thereto. For
example, a portable terminal T may be attachedighavehicle such as a bicycle. In
this case, the alert information transmission 4@ may transmit alert information
indicating that a light vehicle is present in aresponding danger road segment to one or
both of a portable terminal T carried by a pedasttraveling in the danger road segment
and an on-board unit A mounted on a traveling Vehiaveling in the danger road
segment. In addition, the alert information traission unit 450 may transmit alert
information indicating that a pedestrian and a elehare present in a corresponding
danger road segment to a portable terminal T agthtt a light vehicle traveling the
danger road segment.

[Industrial Applicability]
[0092]

According to the danger notification device, tlamger notification system, the
danger notification method, and the program desdrdibove, it is possible to notify of
danger prediction information of traffic accidemsaccordance with a traffic state of
each road segment.

[Reference Signs List]

[0093]
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1: Danger notification system

10: Probe data collection unit

20: Traffic state indicator generation unit

30: Traffic state database

40: Danger notification device

410:

420:

430:

440:

450:

460:

900:

901:

902:

903:

904

905:

910:

920:

Traffic state indicator acquisition unit
Danger prediction unit

Portable terminal data extraction unit
On-board unit data extraction unit
Alert information transmission unit
Recording medium

Computer

CPU

Main storage device

Auxiliary storage device

Input/output interface
Communication interface

External storage device

External storage device

A: On-board unit

NW:

Network

T: Portable terminal
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[CLAIMS]

[Claim 1]

A danger notification device comprising:

a traffic state indicator acquisition unit configd to acquire a traffic state
indicator of a road segment from a traffic statedase;

a danger prediction unit configured to predicegrée of danger indicating
occurrence probability of a traffic accident in ioad segment on the basis of the traffic
state indicator; and

an alert information transmission unit configutedransmit alert information to
at least one of an on-board unit mounted on a lehied a portable terminal carried by a
pedestrian located in the road segment when thgedamediction unit determines that
the degree of danger of the road segment is equaldreater than a predetermined
reference value.

[Claim 2]

The danger notification device according to cldim

wherein the danger prediction unit predicts thgree of danger on the basis of
the traffic state indicator acquired by the traffiate indicator acquisition unit and degree
of danger correlation data in which the occurrgmdability of a traffic accident with
respect to a past traffic state indicator is aggediwith each road segment.

[Claim 3]

The danger notification device according to cléimor 2,

wherein, when the danger prediction unit detersiihat a degree of danger of
the road segment is equal to or greater than sefedined reference value, and when a
pedestrian is present in the road segment, theiafermation transmission unit

transmits alert information to the on-board unit.
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[Claim 4]

A danger notification system comprising:

the danger notification device according to ang ohclaims 1 to 3;

a probe data collection unit configured to colleetboard unit probe data
including position information of an on-board umibunted on each of a plurality of
vehicles and portable terminal probe data inclughagition information of a portable
terminal carried by each of a plurality of pedests; and

a traffic state indicator generation unit configiito generate a traffic state
indicator for each road segment and record ittnaific state database on the basis of the
on-board unit probe data and the portable terngrabe data.

[Claim 5]

A danger notification method comprising:

a traffic state indicator acquisition step of acgg a traffic state indicator of a
road segment from a traffic state database;

a danger prediction step of predicting a degredaafer in the road segment on
the basis of the traffic state indicator; and

an alert information transmission step of trangngtalert information to at least
one of an on-board unit mounted on a vehicle apartable terminal carried by a
pedestrian located in the road segment when gtisrchined that a degree of danger of
the road segment is equal to or greater than atedined reference value in the danger
prediction step.

[Claim 6]

A program which causes a computer of a dangefication device to function

as:

a traffic state indicator acquisition unit configd to acquire a traffic state
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indicator of a road segment from a traffic stat@dase,

a danger prediction unit configured to predicegrée of danger in the road
segment on the basis of the traffic state indicatod

an alert information transmission unit configutedransmit alert information to
at least one of an on-board unit mounted on a lehied a portable terminal carried by a
pedestrian located in the road segment when thgedgmmediction unit determines that a
degree of danger of the road segment is equal goeatter than a predetermined

reference value.



