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[DESCRIPTION]

[TITLE OF INVENTION]

SIGNAL CONTROL DEVICE, SIGNAL CONTROL SYSTEM, SIGNACONTROL
METHOD, AND PROGRAM

[Technical Field]

[0001]

The present invention relates to a signal comtesice, a signal control system,
a signal control method, and a program.

Priority is claimed on Japanese Patent Applicalon2016-146591, filed July
26, 2016, the content of which is incorporated imelog reference.

[Background Art]
[0002]

As a system for supporting an emergency vehictputokly reach a destination,
there has been proposed a system that transmitsittent position of an emergency
vehicle to a command center server and controiercommand center server, traffic
lights not yet passed by the emergency vehicle avaling route of the emergency
vehicle, thereby enabling the emergency vehicleateel quickly (for example, Patent
Document 1).

[Citation List]
[Patent Literature]
[0003]

[Patent Literature 1]

Japanese Unexamined Patent Application, Firsti€atiin No. 2004-252854
[Summary of Invention]

[Technical Problem]
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[0004]

However, in the above-described system, contrch g1 changing to a green
light, maintaining a green light, or the like isfeemed uniformly for the traffic lights
provided on the traveling route of the emergendyicle. In such a system, for example,
in the case in which congestion or the like is odng in a certain road section on the
traveling route, even when the control such as ginarthe traffic lights provided in the
road section to a green light is performed, there likelihood that traffic conditions such
as a traffic flow in the road section will not begroved. That is, in such a road section,
despite the inability to obtain the effect that @mergency vehicle can travel quickly,
there is a likelihood that the control such as dlamthe traffic lights to a green light
will be performed. Then, since the time during evhihe traffic lights of other road
sections not included in the traveling route ofeéheergency vehicle become red lights
increases, traffic flows in the other road sectioray be hindered, and rather, there is a
likelihood that adverse effects such as congestitirbe caused.

[0005]

The present invention has been made in view oadbmye problem and provides
a signal control device, a signal control systesigaal control method, and a program
capable of improving traffic conditions of a roatgon on which an emergency vehicle
travels and suppressing an influence on traffid@mns of road sections on which the
emergency vehicle does not travel.

[Solution to Problem]

[0006]
To solve the above problem, the present invergiaploys the following means.
According to an aspect of the present inventiasigaal control device includes

an emergency vehicle information acquisition upitfigured to acquire emergency
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vehicle information including position informatiam an emergency vehicle, a traffic
condition change amount information acquisitiort wonfigured to acquire traffic
condition change amount information indicating, éach road section, an amount of
change in traffic conditions according to a ligltstate of traffic lights, and a signal
control unit configured to perform, on the basishef emergency vehicle information
and the traffic condition change amount informatioontrol of the traffic lights provided
in a road section on which the emergency vehielesis.

In such a way, on the basis of the traffic conditthange amount information,
the signal control unit only selects, among tralifibits provided in the road section on
which the emergency vehicle travels, traffic ligaigpected to improve traffic conditions
on the road section according to the lighting stdteach traffic light and controls the
selected traffic lights. Consequently, the sigraitrol unit may improve the traffic
conditions on the road section on which the emergeehicle travels so that the
emergency vehicle may have priority and travel simgo

Also, by controlling the traffic lights so thatetlemergency vehicle may have
priority and travel smoothly, there is a likelihothéit an influence such as deterioration
of traffic conditions will occur due to restrictison traffic in the other road sections on
which the emergency vehicle does not travel. Hamwesince, for road sections in
which it is expected that traffic conditions wouldt be improved even when the control
of traffic lights in the road sections on which #raergency vehicle travels is performed,
the signal control unit does not perform the cdrifdhe traffic lights, the influences on
the traffic conditions of the other road sectioreyrbe suppressed.

[0007]
According to an aspect of the present inventiorhe signal control device of

the above-described aspect, the emergency vehicderation may further include a
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scheduled traveling route of the emergency vehibkefraffic condition change amount
information acquisition unit may acquire the traffiondition change amount information
on each road section included in the scheduleelirayroute, and the signal control unit
may perform, on the basis of the emergency velmétemation and the traffic condition
change amount information on each road sectiomdeaa in the scheduled traveling
route, control of the traffic light provided in damad section before the emergency
vehicle reaches each road section.

In such a way, the signal control unit may imprenedfic conditions of the road
sections included in the scheduled traveling rofithe emergency vehicle before the
emergency vehicle travels on each road section. a ¥esult, the signal control device
can cause the emergency vehicle to travel quiaktyssmoothly.

[0008]

According to an aspect of the present inventiba,signal control device of the
above-described aspect may further include a sgmithing information acquisition
unit configured to acquire signal switching infotioa indicating that the lighting state
of the traffic light has been switched, a traffandition indicator acquisition unit
configured to acquire a traffic condition indicatdra road section in which the traffic
light is provided, and a traffic condition changeaunt information generation unit
configured to generate, on the basis of the traffiedition indicator at a time point at
which the signal switching information is acquifeaim the traffic light and the traffic
condition indicator at a time point at which theyous signal switching information has
been acquired from the traffic light, generatefitafondition change amount information
on a road section in which the traffic light is yided.

In this manner, by generating traffic conditiorange amount information every

time the lighting state of the traffic light is gahed, the traffic condition change amount
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information generation unit may generate, eveméndase in which actual traffic
conditions on a road section are changed due tousfactors such as the date and time,
climate, and accidents, traffic condition chang@ant information corresponding to
such a change in real time. As a result, the sigorarol unit can highly accurately
select a traffic light having a significant effext improving traffic conditions according
to the actual traffic condition on the road sectma control the selected traffic light.
[0009]

According to an aspect of the present inventiba,signal control device of the
above-described aspect further includes a resmi¢tiformation transmission unit
configured to transmit restriction information onoad section subject to restrictions on
which traffic restrictions are performed by thensicontrol unit performing the control
of the traffic light to at least one of an on-boardt mounted in a vehicle located in the
road section subject to restrictions and a regiriaghformation notification unit provided
in the road section.

In such a way, the restriction information transsion unit can cause a driver of
a vehicle to recognize restriction information itwig traveling of the emergency
vehicle. Consequently, the restriction informaticansmission unit can cause a driver
of an emergency vehicle to recognize the lightitagesof the traffic light, the traffic
conditions on the road section, and the like instieeduled traveling route, thereby
performing support for the emergency vehicle ted¢t@moothly. Also, the restriction
information transmission unit can cause a drivea geéneral vehicle to recognize a road
section on which the emergency vehicle is schedaléchvel and a road section subject
to restrictions, thereby inducing an action suctrasgeling by avoiding such road
sections. As a result, in addition to allowing @mergency vehicle to have priority and

travel smoothly, the restriction information transsimon unit can cause the likelihood
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that traffic conditions will be aggravated on ad@ction subject to restrictions due to
the occurrence of congestion or the like to be cedu
[0010]

According to an aspect of the present inventiasigaal control system includes
the signal control device according to any onenefabove-described aspects, a probe
data collection unit configured to collect probeadiacluding position information on an
on-board unit mounted in each of a plurality of ieéds, and a traffic condition indicator
generation unit configured to generate a traffioditton indicator for each road section
on the basis of the probe data and record the geuktraffic condition indicator in a
traffic condition database.

In such a way, the traffic condition indicator geattion unit can generate, on the
basis of probe data sequentially collected by tiebg data collection unit, a traffic
condition indicator according to actual conditi@msa road section. For this reason, the
traffic condition indicator generation unit can irape accuracy of the traffic condition
indicator.

Also, on the basis of such a highly accurateitra®ndition indicator, the signal
control device can highly accurately select trdffitits having a significant effect on
improving traffic conditions and control the sekttraffic lights.

[0011]

According to an aspect of the present inventiasigaal control method has an
emergency vehicle information acquisition stepauaring emergency vehicle
information including position information on an ergency vehicle, a traffic condition
change amount information acquisition step of awggitraffic condition change amount
information indicating, for each road section, amant of change in traffic conditions

according to a lighting state of traffic lights,daa signal control step of performing, on
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the basis of the emergency vehicle information thedraffic condition change amount
information, control of the traffic lights provided a road section on which the
emergency vehicle travels.

[0012]

According to an aspect of the present inventigomogram causes a computer of
a signal control device to function as an emergesetycle information acquisition unit
configured to acquire emergency vehicle informatmariuding position information on
an emergency vehicle, a traffic condition changewam information acquisition unit
configured to acquire traffic condition change amtdaformation indicating, for each
road section, an amount of change in traffic coon# according to a lighting state of
traffic lights, and a signal control unit configdre perform, on the basis of the
emergency vehicle information and the traffic cdiodi change amount information,
control of the traffic lights provided in a roadcien on which the emergency vehicle
travels.

[Advantageous Effects of Invention]
[0013]

According to the above-described signal contreiak signal control system,
signal control method, and program, traffic cortis of a road section on which an
emergency vehicle travels can be improved andféureimce on traffic conditions of road
sections on which the emergency vehicle does awékican be suppressed.

[Brief Description of Drawings]
[0014]

Fig. 1 is a view illustrating the overall configdion of a signal control system

according to an embodiment of the present invention

Fig. 2 is a view illustrating an example of ro&ttsons according to an
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Fig. 3 is a view illustrating a function of a tiiafcondition indicator generation
unit according to an embodiment of the presentrnitiva.

Fig. 4 is a first view illustrating a processingw of the traffic condition
indicator generation unit according to an embodinoéithe present invention.

Fig. 5 is a second view illustrating a procesdiag of the traffic condition
indicator generation unit according to an embodinoéithe present invention.

Fig. 6 is a third view illustrating a processimow of the traffic condition
indicator generation unit according to an embodinoéithe present invention.

Fig. 7 is a view illustrating a functional configion of a signal control device
according to an embodiment of the present invention

Fig. 8 is a first view for describing a functiohtbe signal control device
according to an embodiment of the present invention

Fig. 9 is a first view illustrating an exampletddffic condition change amount
information according to an embodiment of the pnés®vention.

Fig. 10 is a second view for describing a funcbthe signal control device
according to an embodiment of the present invention

Fig. 11 is a second view illustrating an examglthe traffic condition change
amount information according to an embodiment efgresent invention.

Fig. 12 is a first view illustrating a processiigv of the signal control device
according to an embodiment of the present invention

Fig. 13 is a second view illustrating a processiog of the signal control
device according to an embodiment of the presesminition.

Fig. 14 is a view illustrating an example of advaare configuration of the

signal control device according to an embodimerthefpresent invention.
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[Description of Embodiments]
[0015]

Hereinafter, a signal control system 1 accordangrt embodiment of the present
invention will be described with reference to Fifygo 14.

[0016]
(Overall configuration of signal control system)

Fig. 1 is a view illustrating the overall configdion of a signal control system
according to an embodiment of the present invention

As illustrated in Fig. 1, the signal control syst& of the present embodiment
includes a probe data collection unit 10, a trafbiadition indicator generation unit 20, a
traffic condition database 30, and a signal cordesice 50 which are communicatively
connected via a network NW such as the Internet.

Further, the probe data collection unit 10, tlafit condition indicator
generation unit 20, the traffic condition databa8eand the signal control device 50 may
also be communicatively connected via an exclungesuch as a Local Area Network
(LAN).

[0017]

The probe data collection unit 10 collects, atptermined time intervals (for
example, every 1 second), probe data (on-boardpunitte data) transmitted via the
network NW from an on-board unit A mounted in aigéh In the present embodiment,
unless particularly mentioned otherwise, “on-baamit A” includes an on-board unit A1
mounted in an emergency vehicle and an on-boatd\@ninounted in a general vehicle
other than the emergency vehicle. Also, “vehiaeludes an emergency vehicle and a
general vehicle.

An emergency vehicle is a vehicle, such as an &nbe, a fire engine, and a
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police vehicle, that is required to quickly reactiestination for an emergency service
and is a vehicle that does not have to stop evarpaint where stopping is required
according to a lighting state or the like of aficalight S.  Further, for example, the
lighting state of the traffic light S indicates whiof “red light (passage prohibition
signal),” “green light (passage permission sigh&jellow light (stop signal)” or the like
each traffic light is displaying.

Also, a general vehicle is any vehicle other taaremergency vehicle and is a
vehicle that has to stop according to the lighstage or the like of the traffic light S.
[0018]

The probe data includes “transmission date and,tifdevice type,” “device
ID,” “position information,” “moving speed” and tHike.

The “transmission date and time” is informatiodigating the date and time
when the probe data is transmitted from the onbaait A1 or the on-board unit A2.
The “device type” is information for specifying wher a transmission source of the
probe data is the on-board unit A1 (emergency Vehar the on-board unit A2 (general
vehicle). The “device ID” is information capablespecifying the on-board unit A1 or
the on-board unit A2 that is the transmission sewfcthe probe data. Further, in the
case in which the on-board unit A1 (emergency \‘eh&nd the on-board unit A2
(general vehicle) can be identified by the “devid¢e the “device type” may be omitted,
and whether the transmission source of the protzeisiéhe on-board unit A1 or the
on-board unit A2 may also be specified on the baisike “device ID.” The “position
information” is information indicating a point (latde, longitude, or the like) where an
emergency vehicle in which the on-board unit Ainisunted or a general vehicle in
which the on-board unit A2 is mounted is locatethatdate and time when the probe

data is transmitted. The “moving speed” is infotioraindicating a traveling speed
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(m/s) of the emergency vehicle in which the on-daarit A1 is mounted or the general
vehicle in which the on-board unit A2 is mountedheg date and time when the probe
data is transmitted.

[0019]

Fig. 2 is a view illustrating an example of ro&ttsons according to an
embodiment of the present invention.

The traffic condition indicator generation unit @&nerates, on the basis of the
probe data collected by the probe data collectm@hl0, a traffic condition indicator for
each road section at predetermined time intervatsekample, every 1 second).

As illustrated in Fig. 2, the road section indgsaain area between two adjacent
nodes among nodes set for each of a pluralityaffi¢rnodal points (intersection points
or the like) on the road. A*“link ID” capable gbecifying a road section is attached to
each road section. For example, as illustratdtign2, as areas between two nodes
(intersection points), a link ID “B20a” is attachi&da road section indicating a lane that
heads to one side, and a link ID “B20b” is attactted road section indicating a lane that
heads to the other side. Further, in the casehinohwa distance between the traffic
nodal points is longer than a predetermined digtdfor example, 100 m), nodes may be
set at further predetermined distances. In thegoteembodiment, the traffic condition
indicator generation unit 20 has included thergimdvance, map data associated with a
“link ID,” “road section position information” indiating a position of a road section (for
example, the latitude and longitude of the stadtemd points of the road section), a
“road section length,” and “traffic light informat” indicating information on a traffic
light S provided in the road section (a trafficdlidD capable of specifying the traffic
light S, an installation position of the traffight S, and the like).

The traffic condition indicator is information iivating a traffic condition of a
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vehicle within a road section. In the present edirbent, the traffic condition indicator

” L

includes a “traffic volume,” “traffic density,” anthverage speed.”

The “traffic volume” indicates the number of vebi passing per 1 second
(number/sec) within a road section. The “traffendity” indicates the number of
vehicles per 1 m (number/m) within a road sectiolmhe “average speed” indicates an
average moving speed (m/s) of a vehicle that ietiag within a road section.

Also, on the basis of probe data used when comgditie traffic condition
indicator, the traffic condition indicator genedatiunit 20 updates data associated with a
road section (link ID) and information on the orabd unit A located in the road section
(portion of the probe data) by adding the datatraffic condition table of a traffic
condition database 30. In the traffic conditioll¢a the “transmission date and time” of
each piece of probe data, the “device type,” “devVi2,” and “position information” of
the on-board unit A which is a transmission sowfceach piece of probe data, and the
“link ID” of a road section in which a vehicle inhich the on-board unit A is mounted is
located are recorded in association with one amothe
[0020]

In the traffic condition database 30, the traffamdition indicator generated by
the traffic condition indicator generation unit 20d the traffic condition table are
recorded.

[0021]

The signal control device 50 controls a lightimates of each of a plurality of
traffic lights S (S1 to Sn) provided in each roadt®n via the network NW.
[0022]

(Function of traffic condition indicator generatianit)

Fig. 3 is a view illustrating a functional configiion of a traffic condition
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indicator generation unit according to an embodinoéithe present invention.

Hereinafter, a function of the traffic conditiamdicator generation unit 20 of the
present embodiment will be described with referendeig. 3.

As illustrated in Fig. 3, first, the traffic conidin indicator generation unit 20
acquires probe data from the probe data collection10. Then, the traffic condition
indicator generation unit 20 uses already-knowndaita distributed processing
technology, stream data processing technologytfantike to generate a traffic condition
indicator for each road section based on probeasdkacted from a plurality of on-board
units A and a mobile terminal T. When the traffandition indicator is generated, the
traffic condition indicator generation unit 20 reds the traffic condition indicator in the
traffic condition database 30 for each road sectidBonsequently, the traffic condition
indicator generation unit 20 is able to generataféic condition indicator according to
an actual condition for each road section in neaédt
[0023]

Also, on the basis of probe data used when comgtitie traffic condition
indicator, the traffic condition indicator geneaatiunit 20 updates traffic condition data
associated with a road section (link ID) and infatimn on an on-board unit A located in
the road section (portion of the probe data) byiraglthe data to the traffic condition
table of the traffic condition database 30.

[0024]
(Processing flow of traffic condition indicator gaation unit)

Fig. 4 is afirst view illustrating a processingw of the traffic condition
indicator generation unit according to an embodinoéithe present invention.

Hereinafter, a processing flow of the traffic ctiimeh indicator generation unit

20 of the present invention will be described wéference to Fig. 4.
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[0025]

As illustrated in Fig. 4, the traffic conditiondizator generation unit 20 acquires
probe data collected by the probe data collect@h10 (step S200).
[0026]

Next, on the basis of the probe data, the trafficdition indicator generation
unit 20 generates a traffic condition indicator éach road section and updates a traffic
condition table (step S201). The process of geimgréhe traffic condition indicator
and the process of updating the traffic conditetslé will be described in detail below.
[0027]

Next, every time the traffic condition indicatsréomputed, the traffic condition
indicator generation unit 20 records and accumsiltte traffic condition indicator for
each road section and the traffic condition tablthe traffic condition database 30 (step
S202).

In this manner, the traffic condition indicatomgeation unit 20 repeatedly
executes the above process every time the probagdatquired.

[0028]

Fig. 5 is a second view illustrating a procesdiag of the traffic condition
indicator generation unit according to an embodinoéithe present invention.

Fig. 6 is a third view illustrating a processimow of the traffic condition
indicator generation unit according to an embodinoéithe present invention.

Hereinafter, the process of generating a trafficdition indicator and the
process of updating a traffic condition table by traffic condition indicator generation
unit 20 will be described with reference to Figsartl 6.

[0029]

First, as illustrated in Fig. 5, the traffic cotidin indicator generation unit 20
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performs a process P21 of specifying a road seatiorhich a vehicle in which the
on-board unit A, which is a transmission sourceaxth piece of probe data, is mounted
is located (hereinafter, road section in whichuégicle is located).

In the process P21, first, the traffic conditiodicator generation unit 20 reads
“position information” from each piece of probe a#step S210).

[0030]

Next, on the basis of the “position informationi each piece of probe data, the
traffic condition indicator generation unit 20 sfiies a road section in which each
vehicle is located (step S211).

Specifically, the traffic condition indicator geaéon unit 20 specifies a road
section having “road section position informatian¢luding the “position information”
(latitude and longitude) on the probe data by $eagcfor the road section from the map
data.

[0031]

Next, the traffic condition indicator generatiomitt20 adds the “link ID” of the
specified road section to each piece of probe E&tp S212).
[0032]

Next, the traffic condition indicator generatiomt20 updates data associated
with the “transmission data and time,” “device typend “device ID” of each piece of
probe data and the “link ID” of the road sectiomled in step S212 by adding the data to
the traffic condition table recorded in the traffiondition database 30 (step S213).

In this manner, the traffic condition indicatomgeation unit 20 repeatedly
executes the process P21 every time the probesdatauired.

[0033]

Also, as illustrated in Fig. 6, on the basis & ghurality of pieces of probe data
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to which the “link ID” has been added by the pracB21, the traffic condition indicator

generation unit 20 performs a process P22 of camgat traffic condition indicator at
each time of each road section.

In the process P22, first, the traffic conditiodicator generation unit 20
extracts, among the plurality of pieces of prob&dirget probe data which is subject to
computation (step S220).

In the present embodiment, on the basis of tlE&mission date and time” and
“link ID” of each piece of probe data, the trafiondition indicator generation unit 20
extracts probe data indicating being present iarbitrary target road section at an
arbitrary target time as the target probe dath®fcomputation process. Specifically, as
probe data having “transmission date and time” withpredetermined time (for
example, 1 second) from an arbitrary target tirne ttaffic condition indicator
generation unit 20 extracts probe data havingrk‘llD” identical to the link ID of an
arbitrary target road section as the target pralte df the computation process.

[0034]

Next, the traffic condition indicator generationit20 acquires a “moving
speed” of a vehicle in which each on-board unis Aniounted that is included in the
target probe data (hereinafter, “moving speedhefitehicle) (step S221). Specifically,
the traffic condition indicator generation unit 2Z&ds and acquires the “moving speed”
of the vehicle included in the probe data.

Further, in the present embodiment, an examplehich the “moving speed” of
the probe data is recorded in meters per secorg) (il be described, but, in another
embodiment, the “moving speed” may also be recond@shother unit such as
kilometers per hour (km/h). In the case in which tmoving speed” is recorded in

another unit, the traffic condition indicator gestgwn unit 20 may acquire the “moving
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speed” by converting the “moving speed” to metensgecond (m/s).
[0035]

Next, on the basis of each piece of probe dataded in the target probe data,
the traffic condition indicator generation unit @flculates the “number of vehicles”
indicating the number of vehicles in which the aatd unit A is mounted that are
located in the target road section (step S222).

[0036]

Next, by using the “link ID” of the target roadcsien as a search key, the traffic
condition indicator generation unit 20 searchesafud acquires the “length of the target
road section” from the map data (step S223).

[0037]

Next, the traffic condition indicator generatiomit20 calculates a traffic
volume at the target time in the target road saditep S224).

Specifically, first, the traffic condition indicat generation unit 20 obtains a
traffic volume q (number/sec) using Equation (1pheby setting the “number of
vehicles” calculated in step S222 as N, the “mowpged” of each vehicle acquired in
step S221 as \i=1 to N), and the “length of the target roadtge® acquired in step
S223 as K.

[0038]

[Equation 1]

v.
— _t - - - (1)
q ZK (

N
i=1

[0039]

Next, the traffic condition indicator generationit.20 calculates a traffic density
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at the target time in the target road section (S25).

Specifically, the traffic condition indicator geaéon unit 20 obtains a traffic
density k (humber/m) using Equation (2) below biisg the “number of vehicles”
calculated in step S222 as N and the “length otahget road section” acquired in step
S223 as K.

[0040]

[Equation 2]
k = A (2)

[0041]

Next, the traffic condition indicator generationitt?20 calculates an average
speed at the target time in the target road se(siep S226).

Specifically, the traffic condition indicator geaéion unit 20 obtains an average
speed y(m/s) using Equation (3) below by setting the “m@mnof vehicles” calculated in
step S222 as N and the “moving speed” of each kehtquired in step S221 as(i=1
to N).

[0042]

[Equation 3]

N
)
i=1

[0043]

: ... (3)

=] S

In this manner, every time the probe data is aegyihe traffic condition
indicator generation unit 20 repeatedly executegptiocess P22, thereby computing a

traffic condition indicator at each time in eachdcsection.
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[0044]

(Functional configuration of signal control device)

Fig. 7 is a view illustrating a functional configion of a signal control device
according to an embodiment of the present invention

As illustrated in Fig. 7, the signal control dev#&0 includes a signal switching
information acquisition unit 510, a traffic conditi indicator acquisition unit 520, a
traffic condition change amount information generaunit 530, an emergency vehicle
information acquisition unit 540, a traffic conditi change amount information
acquisition unit 550, a signal control unit 560@eatriction information transmission unit
570, and a recording medium 580.

[0045]

Every time the lighting state of each traffic lighis switched, the signal
switching information acquisition unit 510 acquiré®m each traffic light, signal
switching information indicating a lighting statewhich each traffic light has been
switched via the network NW. In the present emiyadit, the signal switching
information includes “traffic light ID” capable @jpecifying a traffic light, “lighting
state,” and the like.

[0046]

When the signal switching information acquisitiomt 510 acquires the signal
switching information, the traffic condition indiwat acquisition unit 520 acquires, from
the traffic condition database 30, a traffic coimtitindicator of a road section in which
the traffic light S, which is the transmission smuof the signal switching information, is
provided via the network NW. Also, the traffic abimon indicator acquisition unit 520
records and accumulates information associatedthlsignal switching information

and the traffic condition indicator in the recorglimedium 580.
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[0047]

Fig. 8 is a first view for describing a functiohtbe signal control device
according to an embodiment of the present invention

Fig. 9 is a first view illustrating an exampletddffic condition change amount
information according to an embodiment of the pnésgvention.

Fig. 10 is a second view for describing a funcbthe signal control device
according to an embodiment of the present invention

Fig. 11 is a second view illustrating an examglthe traffic condition change
amount information according to an embodiment efggresent invention.

Fig. 8 illustrates an example of signal switchimigrmation of a traffic light
S20 and a traffic condition indicator of a roadteecB20a in a certain time zone during
the daytime, and an example in which the traffiuaee is high and a change in the
traffic condition according to the lighting statetloe traffic light S20 is great is
illustrated therein. Fig. 10 illustrates an exaenpl signal switching information of the
traffic light S20 and a traffic condition indicatof the road section B20a in a certain
time zone during the nighttime, and an examplehictvthe traffic volume is low and a
change in the traffic condition according to thghting state of the traffic light S20 is
small is illustrated therein.

In Figs. 8 and 10, the horizontal axis indicate®tat which signal switching
information is acquired, and the vertical axis aades values of traffic condition
indicators (traffic volume, traffic density, andesage speed).

As illustrated in Figs. 8 and 10, in the road secB20a, the traffic condition is
changing according to the lighting state of théfitrdight S20.

When the signal switching information acquisitiomt 510 acquires the signal

switching information from the traffic light S, theffic condition change amount
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information generation unit 530 detects changehertraffic condition according to the
lighting state of the traffic light S such as thdiestrated in Figs. 8 and 10 on the basis
of the traffic condition indicators at a time poattwhich the signal switching
information is acquired and the traffic conditiowlicators at a time point at which the
previous signal switching information has been @egufrom the traffic light S and
generates traffic condition change amount inforara®30 (Figs. 9 and 11) on a road
section in which the traffic light S is provided.

Also, the traffic condition change amount inforroatgeneration unit 530
records and accumulates the generated traffic tondihange amount information D30
in the recording medium 580.

Fig. 9 illustrates an example of the traffic cdiwti change amount information
D30 in the same time zone as Fig. 8, and an examp¥ich the traffic volume is high
and a change in the traffic condition accordingh®lighting state of the traffic light S20
is great is illustrated therein. Fig. 11 illusesian example of the traffic condition
change amount information D30 in the same time zmEig. 10, and an example in
which the traffic volume is low and a change in titadfic condition according to the
lighting state of the traffic light S20 is smallillsistrated therein

The traffic condition change amount information0D8 information indicating
how the traffic conditions (traffic volume, traffaensity, and average speed) in the road
section in which the traffic light S is providedarige according to the lighting state of
the traffic light S. Specifically, as illustratedFigs. 9 and 11, the traffic condition
change amount information D30 is information indiicg whether the traffic conditions

on the road section are “improved,” “aggravated,“rmt changed” according to the
lighting state of the traffic light S and indicagiwhether the degree of “improvement”

and “aggravation” is high(“large”) or low (“small”)
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For example, the “improvement” of the traffic c@rah indicates a state in
which the traffic volume is increased, the traffensity is decreased, the average speed
is increased, or the like. Also, for example, thggravation” of the traffic condition
indicates a state in which the traffic volume is@ased, the traffic density is increased,
the average speed is decreased, or the like. #ilsbe case in which change amounts
of the traffic volume, traffic density, and averaggeeed are predetermined values or
larger, the traffic condition change amount infotima generation unit 530 determines
that the degree of “improvement” or “aggravatios’high. As the predetermined
values, different values are set for each of th#fi¢rvolume, traffic density, and average
speed. Also, as the predetermined values, diffe@nes may be set for each road
section according to characteristics of a road@esich as a road width and the number
of lanes.
[0048]

When an emergency vehicle travels for an emergseaoyce, the emergency
vehicle information acquisition unit 540 acquir@sezgency vehicle information from
the on-board unit A1 mounted in the emergency Vehia the network NW.

The emergency vehicle information includes “trarssion date and time,”

“device ID,” “position information,” “moving speet;destination,” “scheduled traveling
route,” and the like.

The “transmission date and time” is informatiodigating the date and time
when the emergency vehicle information is transdiftom the on-board unit A1l. The
“device ID” is information capable of specifyingetion-board unit A1, which is the
transmission source of the emergency vehicle infbion and is the same as the “device

ID” included in the probe data. The “position infaation” is information indicating a

point (latitude, longitude, or the like) where #mergency vehicle in which the on-board
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unit A1 is mounted is located on the date and tvhen the emergency vehicle
information is transmitted. The “moving speedinformation indicating a traveling
speed (m/s) of the emergency vehicle in which tdd@ard unit A1 is mounted on the
date and time when the emergency vehicle informasidransmitted. The
“destination” is information indicating a point {kade, longitude, or the like) where the
emergency vehicle reaches. The “scheduled trayetinte” is information in which
one or more road sections (link IDs) included noate to the destination from the point
where the emergency vehicle is located are listestder traveled by the emergency
vehicle.

Further, the emergency vehicle information acgoisiunit 540 may acquire the
probe data transmitted from the on-board unit Athasemergency vehicle information.
In this case, the probe data transmitted from thbaard unit Al includes each of the
above-described pieces of emergency vehicle infooma
[0049]

The traffic condition change amount informatiowgaisition unit 550 acquires
the traffic condition change amount information G8@umulated in the recording
medium 580.

In the present embodiment, when the emergencyheeimformation acquisition
unit 540 acquires the emergency vehicle informatibe traffic condition change amount
information acquisition unit 550 acquires the i@ffondition change amount
information D30 associated with each road secticiuded in the “scheduled traveling
route” of the emergency vehicle information frone tlecording medium 580.

[0050]
On the basis of the emergency vehicle informagioad the traffic condition

change amount information D30 acquired by theitrafbndition change amount
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information acquisition unit 550, the signal cohuait 560 performs control of the
traffic light S provided in each road section irdgd in the “scheduled traveling route.”

Specifically, in the case in which each traffighli S has been controlled on the
basis of the emergency vehicle information andiiéic condition change amount
information D30, the signal control unit 560 deteres whether the effect of improving
the traffic conditions on the road section in wheath traffic light S is provided is
significant. Then, when the signal control uni0Gfetermines that, in the case in which
a traffic light S is controlled to reach a certhghting state (for example, the “green
light” state), “the effect of improving the traffcondition is significant” in a road section
in which the traffic light S is provided, the sigrantrol unit 560 selects the traffic light
S as an object to be controlled. Then, the sigoatrol unit 560 performs control of the
traffic light S by transmitting signal control imfoation including a command to switch
the lighting state of the traffic light S whichtlee object to be controlled (switch to the
“green light”) or a command to extend the currégtiting state of the traffic light S
(extend the “green light” state) to the traffichigS.

Meanwhile, when the signal control unit 560 defees that, even when the
lighting state of the traffic light S is controllgtdhe effect of improving the traffic
condition is small” in the road section in whicle thaffic light S is provided, the signal
control unit 560 does not perform the control & ttaffic light S.  Further, in the
present embodiment, “the effect of improving ttegfic condition is small” includes a
state in which “the traffic condition is improvealjt the effect is small,” “the traffic
condition does not change,” “the traffic conditisraggravated,” or the like.

[0051]
The restriction information transmission unit 57&hsmits restriction

information on a road section subject to restriction which traffic restrictions such as
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prohibiting passage are performed by the signatirabuanit 560 controlling the traffic
light S to at least one of the on-board unit A ntedrin the vehicle located in the road
section subject to restrictions and a restrictrdorimation notification unit G (which will
be described below). In this case, the restrigtiformation transmission unit 570
looks up the traffic condition table recorded ie thaffic condition database 30 and
extracts the on-board unit A mounted in the vehmtated in the road section having the
same “link ID” as the “link ID” of the road secti@ubject to restrictions.
[0052]

The restriction information includes informatidfir(k ID”) capable of
specifying a road section on which traffic restdos such as prohibiting passage (being
switched to the “red light”) are performed by thgnsl control unit 560 controlling the
traffic light S, information on a period (start #nand end time) of the traffic restrictions,
and the like. Also, the restriction informationyriaclude information warning a
general vehicle, which is located in a road sectdnraveling of an emergency vehicle
by estimating the time at which the emergency Jehigll travel on each road section on

the basis of the “position information,” “movingesd,” and “scheduled traveling route”
of the emergency vehicle information. By transimiftsuch restriction information, the
restriction information transmission unit 570 cause a driver of the general vehicle to
recognize information on a road section subjecestrictions and a road section on
which the emergency vehicle travels.

Furthermore, the restriction information may irgithe lighting state of each
traffic light S on the “scheduled traveling route#”the emergency vehicle, traffic
conditions on a road section, and the like. Bggmaitting such restriction information,

the restriction information transmission unit 5&hcause a driver of the emergency

vehicle to recognize the lighting state of eacHitréight on the “scheduled traveling
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route” and the traffic conditions on each roadisect

The road section subject to restrictions indicatesad section in which an
influence of traffic restrictions occurs such a®ad section included in the “scheduled
traveling route” of the emergency vehicle informatand a road section connected to the
road section included in the “scheduled travelimgte” of the emergency vehicle.

For example, the restriction information notifioat unit G is a road information
sign for displaying traffic information such asffi@congestion and passage prohibition
that is provided on a road, a communication defacelelivering traffic information to
an on-board unit A via radio waves etc., or the.lik

Further, the restriction information transmissiont 570 may estimate a time at
which the emergency vehicle will reach each roatice on the basis of the “position
information” and “moving speed” of the emergencyiete information and transmit the
restriction information at a timing that is a prestenined time earlier (for example, 10
seconds earlier) than an estimated time at whietethergency vehicle will reach a
reference position. Also, on the basis of the Ijpms information” of the emergency
vehicle information, the restriction informatiomfismission unit 570 may transmit the
restriction information at a timing at which the engency vehicle reaches a position that
is a predetermined distance ahead (for examplepi@fead) of a reference position.

In this case, the reference position is a postitwhich a traffic light S to be controlled
is provided, a position of a start point or an eoiht of a road section in which the
traffic light S to be controlled is provided, oethke.

[0053]

In the recording medium 580, information assodatéh the signal switching
information and traffic condition indicators recetdtby the traffic condition indicator

acquisition unit 520 and the traffic condition cgaramount information D30 generated
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by the traffic condition change amount informatgemneration unit 530 are recorded.
Also, in the recording medium 580, map data assediaith a road section in which
each traffic light S is provided and a road sectiowhich each restriction information
notification unit G is provided is recorded in adee.

[0054]

(Processing flow of signal control device)

Fig. 12 is a first view illustrating a processigwv of the signal control device
according to an embodiment of the present invention

Fig. 13 is a second view illustrating a procesdiag of the signal control
device according to an embodiment of the presesminition.

Hereinafter, a processing flow of the signal colntievice 50 of the present
embodiment will be described with reference to Figsand 13.

[0055]

First, as illustrated in Fig. 12, the signal cohttevice 50 performs a process
P50 of generating the traffic condition change amianformation D30 for each road
section.

In the process P50, the signal switching infororaticquisition unit 510
acquires signal switching information from eaclificdight S (step S500).

[0056]

Next, when the signal switching information acgios unit 510 acquires the
signal switching information, the traffic conditiamdicator acquisition unit 520 acquires,
from the traffic condition database 30, a traffamdition indicator of a road section in
which the traffic light S, which is a transmissisource of the signal switching
information, is provided (step S501).

Also, the traffic condition indicator acquisitiomit 520 records and accumulates
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information associated with the signal switchinfpimation and the traffic condition
indicator in the recording medium 580.
[0057]

Next, when the signal switching information acgios unit 510 acquires the
signal switching information from the traffic liglt, the traffic condition change amount
information generation unit 530 generates, on #@sdof a traffic condition indicator at
a time point at which the signal switching inforioatis acquired and a traffic condition
indicator at a time point at which the previousmsigswitching information has been
acquired from the traffic light S, traffic condiichange amount information D30 of a
road section in which the traffic light S is prositi(step S502). Also, the traffic
condition change amount information generation &§8@ records and accumulates the
generated traffic condition change amount inforora®30 in the recording medium
580.

[0058]

Here, specific details of the process of the igafbndition change amount
information generation unit 530 in step S502 wdldescribed with reference to Figs. 8
to 11.

For example, the traffic condition change amounfdarmation generation unit
530 generates, on the basis of a traffic conditidicator of the road section B20a at a
time point at which the signal switching informatis acquired from the traffic light S20
and a traffic condition indicator at a time poihtdnich the previous signal switching
information has been acquired from the traffic ti§0, traffic condition change amount
information D30 on the road section B20a accordinthe lighting state of the traffic
light S20.

For example, as illustrated in Fig. 8, in the das&hich, at time “t2,” signal
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switching signal indicating that the lighting sthies been switched to “green light” is
acquired from the traffic light S20, the trafficrabtion change amount information
generation unit 530 generates, on the basis @ffiectcondition indicator at the time “t2”
and a traffic condition indicator at time “t1” atweh the previous signal switching signal
has been acquired, traffic condition change ammiatmation D30 of a period from the
time “t1” to “t2.” In the example of Fig. 8, becsauthe lighting state of the traffic light
S20 included in the previous signal switching sigedred light,” the traffic condition
change amount information generation unit 530 gesrertraffic condition change
amount information D30 when the lighting statelw traffic light S20 is “red light.” In
the example of Fig. 8, in the period from the tittié to “t2,” the traffic volume
decreases by a predetermined value or more, tiie ttansity increases by a
predetermined value or more, and the average spm@dases by a predetermined value
or more. For this reason, the traffic conditiommtpe amount information generation
unit 530 determines “the degree of aggravationgh™as the traffic condition on the
road section B20a during the period from the titié to “t2,” that is, when the lighting
state of the traffic light S20 is “red light.” Fdris reason, as illustrated in Fig. 9, the
traffic condition change amount information genieraunit 530 generates traffic
condition change amount information D30 indicatitige degree of aggravation is high”
as the traffic condition on the road section B2@eemwthe lighting state of the traffic light
S20 is “red light.”

Meanwhile, in the case in which, at time “t3,”igr&l switching signal
indicating that the lighting state has been switctoe"yellow light” is acquired from the
traffic light S20, the traffic condition change ammb information generation unit 530
generates, on the basis of a traffic conditiondattir at the time “t3” and a traffic

condition indicator at the time “t2” at which theepious signal switching signal has
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been acquired, traffic condition change amountrinttion D30 of a period from the
time “t2” to “t3,” that is, when the lighting statd the traffic light S20 is “green light.”

In the example of Fig. 8, in the period from thredi“t2” to “t3,” the traffic volume
increases by a predetermined value or more, tfietdensity decreases by a
predetermined value or more, and the average speeghses by a predetermined value
or more. For this reason, the traffic conditiommtpe amount information generation
unit 530 determines “the degree of improvementgd’'has the traffic condition on the
road section B20a during the period from the tit@8 to “t3,” that is, when the lighting
state of the traffic light S20 is “green light.” oiFthis reason, as illustrated in Fig. 9, the
traffic condition change amount information generunit 530 generates traffic
condition change amount information D30 indicatitige degree of improvement is
high” as the traffic condition on the road secti&z0a when the lighting state of the
traffic light S20 is “green light.”

[0059]

Also, as illustrated in Fig. 10, in the case inckh at the time “t2,” signal
switching signal indicating that the lighting staies been switched to “green light” is
acquired from the traffic light S20, the trafficrahition change amount information
generation unit 530 generates, on the basis afffectcondition indicator at the time “t2”
and a traffic condition indicator at time “t1” atweh the previous signal switching signal
has been acquired, traffic condition change ammiatmation D30 of a period from the
time “t1” to “t2,” that is, when the lighting statd the traffic light S20 is “red light.” In

the example of Fig. 10, in the period from the tiftig to “t2,” the traffic volume

decreases, the traffic density increases, andvéiage speed decreases, but each change

amount is less than a predetermined value. Fsrdason, the traffic condition change

amount information generation unit 530 determirtbe ‘degree of aggravation is low” as
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the traffic condition on the road section B20a dgrihe period from the time “t1” to
“t2,” that is, when the lighting state of the tiaffight S20 is “red light.” For this reason,
as illustrated in Fig. 11, the traffic conditionactye amount information generation unit
530 generates traffic condition change amount médion D30 indicating “the degree of
aggravation is low” as the traffic condition on tload section B20a when the lighting
state of the traffic light S20 is “red light.”

Meanwhile, in the case in which, at time “t3,"igral switching signal
indicating that the lighting state has been switlctee"yellow light” is acquired from the
traffic light S20, the traffic condition change ammb information generation unit 530
generates, on the basis of a traffic conditiondatdir at the time “t3” and a traffic
condition indicator at the time “t2” at which theepious signal switching signal has
been acquired, traffic condition change amountrinttion D30 of a period from the
time “t2” to “t3,” that is, when the lighting statd the traffic light S20 is “green light.”
In the example of Fig. 10, in the period from timeet “t2” to “t3,” the traffic volume
increases, the traffic density decreases, andvililage speed increases, but each change
amount is less than a predetermined value. Fsrdason, the traffic condition change
amount information generation unit 530 determirteg ‘degree of improvement is low”
as the traffic condition on the road section B20&arg) the period from the time “t2” to
“t3,” that is, when the lighting state of the tiaffight S20 is “green light.” For this
reason, as illustrated in Fig. 11, the traffic dtind change amount information
generation unit 530 generates traffic conditionnggaamount information D30
indicating “the degree of improvement is low” ae thaffic condition on the road section
B20a when the lighting state of the traffic ligfi(Sis “green light.”

Further, in the case in which there is no changetraffic condition indicator,

the traffic condition change amount information gextion unit 530 generates traffic
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condition change amount information D30 indicatingt changed” as illustrated in Fig.
11. Further, in the case in which an amount ohgkan traffic condition indicators is
within a predetermined range, the traffic conditctrange amount information
generation unit 530 determines that the trafficdioon is “not changed.”

Every time the signal switching information is argd from each traffic light S,
the signal control device 50 repeatedly executeptbcess P50, thereby accumulating
the traffic condition change amount information DB8@he recording medium 580.
[0060]

Also, as illustrated in Fig. 13, the signal cohttevice 50 performs a process
P51 of controlling a traffic light S.

In the process P51, when an emergency vehiclelgdor an emergency service,
the emergency vehicle information acquisition &4i0 acquires the emergency vehicle
information from an on-board unit A1 mounted in #mergency vehicle (step S510).
In the present embodiment, in a period from the sfathe traveling of the emergency
vehicle for the emergency service until the sensosompleted (until the emergency
vehicle reaches a destination), the emergency Meimiformation acquisition unit 540
acquires the emergency vehicle information eveegletermined interval (for example,
every 5 seconds).

[0061]

Next, the traffic condition change amount inforimatacquisition unit 550
acquires traffic condition change amount inform@ti280 accumulated in the recording
medium 580 (Step S511).

Specifically, when the emergency vehicle informatacquisition unit 540
acquires the emergency vehicle information in &8p0, the traffic condition change

amount information acquisition unit 550 acquiresnt the recording medium 580, the
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traffic condition change amount information D30axsated with each road section
included in the “scheduled traveling route” of g#raergency vehicle information.
[0062]

Next, on the basis of the emergency vehicle in&dgrom and the traffic condition
change amount information D30, the signal control 560 selects a traffic light S
having a significant effect on improving trafficraditions on a road section as a traffic
light to be controlled (step S512).

Specifically, on the basis of the “position infation” of the emergency vehicle
information and the map data recorded in advantieemecording medium 580, the
signal control unit 560 extracts a traffic light8t reached by the emergency vehicle
among traffic lights S provided in each road sectiwluded in the “scheduled traveling
route.”

For example, it is assumed that the signal conimdl560 extracts the traffic
light S20 (see Fig. 2) provided in the road secB@0a as one of the traffic lights S not
reached by the emergency vehicle. The signal abatiit 560 controls, on the basis of
the traffic condition change amount information D80the road section B20a, the traffic
light S20 to reach a lighting state in which thieeff of improving the traffic condition on
the road section B20a is significant, thereby deiging whether the effect of improving
the traffic condition on the road section B20aigngicant.

In the example of Fig. 9, in the case in whiclgaading to the traffic condition
change amount information D30, the lighting stdtthe traffic light S20 is “green
light,” the traffic condition on the road sectio® is expected to be largely improved
(“improvement (large)”). For this reason, the sigoontrol unit 560 determines that the
effect of improving the traffic condition on theag section B20a is significant by setting

the lighting state of the traffic light S20 to “grelight.” In this case, the signal control
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unit 560 selects the traffic light S20 as a tralifytit to be controlled.

Meanwhile, in the example of Fig. 11, in the casehich, according to the
traffic condition change amount information D3 tighting state of the traffic light
S20 is “green light,” the traffic condition on thead section B20a is expected to be
improved, but the degree of improvement is expetddze small (“improvement
(small)”). For this reason, the signal controltts80 determines that the effect of
improving the traffic condition on the road secti®®0a is small even in the case in
which the lighting state of the traffic light S20“green light.” In this case, the signal
control unit 560 determines that control of thdfitdight S20 is unnecessary and does
not select the traffic light S as the traffic lightbe controlled.

The signal control unit 560 performs such deteatian for all traffic lights S
not reached by the emergency vehicle to seleetffictlight S to be controlled.

[0063]

Next, the signal control unit 560 performs contybthe traffic light S to be
controlled that has been selected in step S51@ §§é3).

In the example of Fig. 9, in the case in whiclgaading to the traffic condition
change amount information D30, the lighting stdtthe traffic light S20 is “green
light,” the traffic condition on the road sectio2® is expected to be largely improved
(“ improvement (large)”). For this reason, thensigcontrol unit 560 controls the traffic
light S20 so that the lighting state of the trafight S20 reaches “green light.”
Specifically, in the case in which the latest sigwaiitching information on the traffic
light S20 acquired by the signal switching inforraatacquisition unit 510 indicates that
the lighting state of the traffic light S20 is ghting state other than “green light,” the
signal control unit 560 transmits signal contrdbimation including a command to

switch to “green light” to the traffic light S20.
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Meanwhile, in the case in which the latest sigmétching information on the
traffic light S20 acquired by the signal switchingprmation acquisition unit 510
indicates that the lighting state of the traffighli S20 is “green light,” the signal control
unit 560 transmits signal control information indilng a command to extend the “green
light” lighting state for a predetermined extensione (for example, for 10 seconds) to
the traffic light S20.

Further, the signal control unit 560 may estimatethe basis of the “position
information” and “moving speed” included in the egency vehicle information, time at
which the emergency vehicle passes the traffid B20. Then, the signal control unit
560 may set the extension time so that the “griggat’llighting state is continued until
time at which the emergency vehicle is predictepass the traffic light S20.

Also, the signal control unit 560 may estimatetlobasis of the “position
information” and “moving speed” included in the egency vehicle information, the
number of seconds after which the emergency vehgelehes the road section in which
the traffic light S to be controlled is provideddamay transmit signal control
information a predetermined time before (for exampl seconds before) the emergency
vehicle reaches the road section. Also, on this lidishe “position information”
included in the emergency vehicle information, sfkgnal control unit 560 may transmit
signal control information when the emergency viehias reached a predetermined
distance ahead (for example, 100 meters aheadh@feithe emergency vehicle reaches
the road section. In this case, according toitidihg state of the traffic light S at the
time point at which signal control information ransmitted, the signal control unit 560
determines whether to transmit signal control infation including a command to
switch the lighting state or to transmit signal tohinformation including a command to

extend the lighting state. In such a way, befbeedmergency vehicle actually travels a
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road section in which the traffic light S to be trofied is provided, the signal control
unit 560 can improve the traffic condition on tload section.

The signal control device 50 repeatedly executeptocess P51 until the
emergency vehicle completes the service (reacleeddstination). Consequently, even
in the case in which the scheduled traveling roditdhe emergency vehicle is changed,
the case in which the traffic condition on the readtion is changed due to an accident
etc., or the like, every time such cases occursidpeal control device 50 can suitably
select the traffic light S to be controlled on tiasis of the emergency vehicle
information and the traffic condition change amofdrmation D30 and perform
control thereof.

[0064]
(Hardware configuration of signal control device)

Fig. 14 is a view illustrating an example of advaare configuration of the
signal control device according to an embodimerthefpresent invention.

Hereinafter, an example of the hardware configomadf the signal control
device 50 of the present embodiment will be desdriwith reference to Fig. 14.

[0065]

A computer 900 includes a central processing (@#U) 901, a main storage
device 902, an auxiliary storage device 903, antfioptput interface 904, and a
communication interface 905.

The above-described signal control device 50 iamtexd in the computer 900.
Then, the above-described operation of each pringessit is stored in a program
format in the auxiliary storage device 903. ThdJG®1 reads a program from the
auxiliary storage device 903, develops the prograthe main storage device 902, and

executes the process according to the program.o, &ie CPU 901 secures a memory
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area corresponding to a recording medium 460 imthl storage device 902 according
to the program. Also, the CPU 901 secures a mear@y in which data being
processed is stored in the auxiliary storage de3@&according to the program.

Further, the computer 900 may be connected to tamreat storage device 910 via the
input/output interface 904, and a memory area spomrding to the recording medium
580 may be secured in the external storage deti@e 9Also, the computer 900 may be
connected to an external storage device 920 viaghenunication interface 905, and a
memory area corresponding to the recording medi@tnnbay be secured in the external
storage device 920.

[0066]

Further, in at least one embodiment, the auxil&oyage device 903 is an
example of a non-temporary type medium. Other glesnof the non-temporary type
medium include a magnetic disk, an optical magraitik, a compact disc read-only
memory (CD-ROM), a digital versatile disk (DVD)-RQM semiconductor memory, and
the like connected via the input/output interfabd.9 Also, in the case in which the
program is delivered to the computer 900 by a comaation line, the computer 900
that has received the program may develop the anogn the main storage device 902
and execute the process.

[0067]

Also, the program may be for realizing some ofaheve-described functions.

Further, the program may be a so-called diffea¢fite (differential program)
which realizes the above-described functions bgratination with another program
already stored in the auxiliary storage device 903.

[0068]

Also, the signal control device 50 may consisa gingle computer 900 or



10

15

20

25

38

consist of a plurality of computers which are commatively connected. For example,
each function of the signal control device 50 mayrizluded in the traffic condition
indicator generation unit 20.

[0069]

(Effects)

[0070]

As described above, the signal control deviceca@uling to the present
embodiment includes the emergency vehicle inforamagicquisition unit 540 configured
to acquire emergency vehicle information includgmgition information on an
emergency vehicle, the traffic condition change antanformation acquisition unit 550
configured to acquire traffic condition change amtaaformation D30 indicating, for
each road section, an amount of change in traffirdltions according to a lighting state
of traffic lights, and the signal control unit 5606nfigured to perform, on the basis of the
emergency vehicle information and the traffic caiodi change amount information D30,
control of the traffic light S provided in a roaglcsion on which the emergency vehicle
travels.

In such a way, on the basis of the traffic conditthange amount information
D30, the signal control unit 560 only selects, agwaffic lights S provided in the road
section on which the emergency vehicle travel#ficrights S expected to improve the
traffic condition on the road section accordingtte lighting state of each traffic light S
and controls the selected traffic lights. Consetjyethe signal control unit 560 may
improve the traffic condition on the road sectionvehich the emergency vehicle travels
so that the emergency vehicle may have prioritytaanel smoothly.

Also, by controlling the traffic lights S so tithe emergency vehicle may have

priority and travel smoothly, there is a likelihothdit influences such as deterioration of
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traffic conditions will occur due to restrictions traffic in the other road sections on
which the emergency vehicle does not travel. Ha@mesince, for road sections in
which it is expected that traffic conditions wouldt be improved even when the control
of traffic lights S in the road sections on whible Emergency vehicle travels is
performed, the signal control unit 560 does notgwar the control of the traffic lights S,
the influences on the traffic conditions of theestipad sections can be suppressed.
[0071]

Also, the emergency vehicle information includeheduled traveling route of
the emergency vehicle. The traffic condition cleagiount information acquisition
unit 550 acquires the traffic condition change anmonformation D30 on each road
section included in the scheduled traveling roditensergency vehicle information.

Also, the signal control unit 560 performs, on basis of the emergency vehicle
information and the traffic condition change amomfdrmation D30 on each road
section included in the scheduled traveling roctatrol of the traffic light S provided in
each road section before the emergency vehicléesazach road section. Specifically,
on the basis of the “position information” and “nmy speed” included in the emergency
vehicle information, the signal control unit 560fpems the control of the traffic light S
to be controlled, a predetermined time before thergency vehicle reaches the road
section or a predetermined distance ahead of viheremergency vehicle reaches the
road section.

In such a way, the signal control unit 560 canroep traffic conditions of the
road sections included in the scheduled travelinger of the emergency vehicle before
the emergency vehicle travels on each road sectiés.a result, the signal control
device 50 can cause the emergency vehicle to tcanekly and smoothly.

[0072]
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Also, the signal control device 50 further incladie signal switching
information acquisition unit 510 configured to agusignal switching information
indicating that the lighting state of the traffight S has been switched, the traffic
condition indicator acquisition unit 520 configuredacquire a traffic condition indicator
of a road section in which the traffic light S i®pided, and the traffic condition change
amount information generation unit 530 configuredji¢nerate, on the basis of the traffic
condition indicator at a time point at which thgral switching information is acquired
from the traffic light S and the traffic conditi@amdicator at a time point at which the
previous signal switching information has been @egufrom the traffic light S, generate
traffic condition change amount information D30arad section in which the traffic
light S is provided.

In this manner, by generating traffic conditiorange amount information D30
every time the lighting state of the traffic ligatswitched, the traffic condition change
amount information generation unit 530 can genemten in the case in which actual
traffic conditions on a road section are changezltdwarious factors such as the date
and time, climate, and accidents, traffic conditttiange amount information D30
corresponding to such a change in real time. Asalt, the signal control unit 560 can
highly accurately select a traffic light S havingignificant effect on improving traffic
conditions according to the actual traffic condition the road section and control the
selected traffic light.

[0073]

Also, the emergency vehicle information acquisitimit 540 acquires the
emergency vehicle information from the emergendyicte until the emergency vehicle
completes a service (reaches the destination). ryEwee the emergency vehicle

information acquisition unit 540 acquires the ereey vehicle information, the traffic



10

15

20

25

41

condition change amount information acquisitiornt &0 acquires the traffic condition
change amount information D30 from the recordinglion® 580. Then, on the basis of
the emergency vehicle information and the trafbodition change amount information
D30, the signal control unit 560 repeats the preaéselecting the traffic light S having
a significant effect on improving traffic conditision a road section and controlling the
selected traffic light.

In such a way, even in the case in which the adeedraveling route of the
emergency vehicle is changed, the case in whiclralffec condition on the road section
is changed due to an accident etc., or the likeryetime such cases occur, the signal
control device 50 can highly accurately selectirenbasis of the emergency vehicle
information and the traffic condition change amoumfdrmation D30, the traffic light S
having a significant effect on improving trafficratitions and control the selected traffic
light.

[0074]

Also, the signal control device 50 includes thetnietion information
transmission unit 570 configured to transmit resisih information on a road section
subject to restrictions on which traffic restrictgosuch as prohibiting passage are
performed by the signal control unit 560 contrglihe traffic light S to at least one of
the on-board unit A2 mounted in a general vehiotated in the road section subject to
restrictions and the restriction information naifiion unit G.

In such a way, the restriction information transsion unit 570 can cause a
driver of a vehicle to recognize restriction inf@tion involving traveling of the
emergency vehicle.

Consequently, the restriction information transiais unit 570 can cause the

driver of the emergency vehicle to recognize tphting state of the traffic light S, the
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traffic condition on the road section, and the likehe scheduled traveling route, thereby
performing support for the emergency vehicle tegtamoothly.

Also, the restriction information transmissiontusifO can cause the driver of
the general vehicle to recognize a road sectiowluioh the emergency vehicle is
scheduled to travel and a road section subje@diictions, thereby inducing an action
such as traveling by avoiding such road sectiodss a result, in addition to allowing the
emergency vehicle to have priority and travel sriypthe restriction information
transmission unit 570 can cause the likelihood &haaffic condition will be aggravated
in the road section subject to restrictions dutaéooccurrence of congestion or the like
to be reduced.

[0075]

Also, the signal control system 1 includes thaealigontrol device 50, the probe
data collection unit 10 configured to collect pralz#a including position information on
an on-board unit A mounted in each of a pluralityehicles, and the traffic condition
indicator generation unit 20 configured to geneeatmffic condition indicator for each
road section on the basis of the probe data amidehe generated traffic condition
indicator in the traffic condition database 30.

In such a way, the traffic condition indicator geation unit 20 can generate, on
the basis of probe data sequentially collectechbyprobe data collection unit 10, a
traffic condition indicator according to actual diions on a road section. For this
reason, the traffic condition indicator generatimit 20 can improve accuracy of the
traffic condition indicator. Also, on the basissfch a highly accurate traffic condition
indicator, the signal control device 50 can hightgurately select a traffic light S having
a significant effect on improving traffic conditisind control the selected traffic light.

[0076]
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The embodiments of the present invention have desaribed above in detail,
but the present invention is not limited theretowd aome design changes and the like are
also possible as long as the changes do not ddxoatethe technical idea of the present
invention.

For example, in the above-described embodimeatasipect in which the signal
control unit 560 selects the traffic light S havegignificant effect on improving traffic
conditions on a road section as a traffic lighibéocontrolled and controls the selected
traffic light has been described, but the presevention is not limited thereto. For
example, in the case in which the traffic conditionthe road section is improved by
controlling the traffic light S, even in the casenhich the improvement effect is small,
the signal control unit 560 may select the trdifibt S as the traffic light to be controlled
and perform control thereof. Also, criteria fotesging a traffic light as a traffic light to
be controlled may be changed for each road seatioarding to traffic conditions,
location conditions, and the like of the road sewi For example, in a road section in
which the traffic volume is a predetermined valudigher, only the traffic light S
having a significant improvement effect may be cteleé and controlled, and in a road
section in which the traffic volume is less thae fhiedetermined value, even in the case
in which the improvement effect is small, the tiafight S may be selected as a traffic
light to be controlled, and control thereof maypeeformed.

[Industrial Applicability]
[0077]

According to the above-described signal contreiak signal control system,
signal control method, and program, it is possiblamprove traffic conditions of a road
section on which an emergency vehicle travels apgressing an influence on traffic

conditions of road sections on which the emergemtycle does not travel.
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[Description of reference numerals]

[0078]

1: Signal control system

10: Probe data collection unit

20: Traffic condition indicator generation unit

30: Traffic condition database

50: Signal control device

510:

520:

530:

540:

550:

560:

570:

580:

900:

901:

902:

903:

904

905:

910:

920:

Signal switching information acquisition unit

Traffic condition indicator acquisition unit

Traffic condition change amount informatia@ngration unit
Emergency vehicle information acquisitiontuni

Traffic condition change amount informati@gaisition unit
Signal control unit

Restriction 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

Al: On-board unit (emergency vehicle)
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A2: On-board unit (general vehicle)
G: Restriction information notification unit
NW: Network

S: Traffic light
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[CLAIMS]

1. A signal control device comprising:

an emergency vehicle information acquisition unit configured to acquire emergency
vehicle information including position information on an emergency vehicle;

a traffic condition change amount information acquisition unit configured to acquire
traffic condition change amount information indicating, for each road section, an amount of
change in traffic conditions according to a lighting state of traffic lights;

a signal control unit configured to perform, on the basis of the emergency vehicle
information and the traffic condition change amount information, control of the traffic lights
provided in a road section on which the emergency vehicle travels;

a signal switching information acquisition unit configured to acquire signal switching
information indicating that the lighting state of the traffic light has been switched;

a traffic condition indicator acquisition unit configured to acquire a traffic condition
indicator of a road section in which the traffic light is provided; and

a traffic condition change amount information generation unit configured to generate,
on the basis of the traffic condition indicator at a time point at which the signal switching
information is acquired from the traffic light and the traffic condition indicator at a time point
at which the previous signal switching information has been acquired from the traffic light,
generate traffic condition change amount information on a road section in which the traffic

light is provided.

2. The signal control device according to claim 1, wherein:

the emergency vehicle information further includes a scheduled traveling route of the
emergency vehicle;

the traffic condition change amount information acquisition unit acquires the traffic
condition change amount information on each road section included in the scheduled
traveling route; and

the signal control unit performs, on the basis of the emergency vehicle information
and the traffic condition change amount information on each road section included in the
scheduled traveling route, control of the traffic light provided in each road section before the

emergency vehicle reaches each road section.

3. The signal control device according to claim 1 or 2, further comprising a restriction
information transmission unit configured to transmit restriction information on a road section
subject to restrictions on which traffic restrictions are performed by the signal control unit
performing the control of the traffic light to at least one of an on-board unit mounted in a
vehicle located in the road section subject to restrictions and a restriction information

notification unit provided in the road section.
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4. A signal control system comprising:

the signal control device according to any one of claims 1 to 3;

a probe data collection unit configured to collect probe data including position
information on an on-board unit mounted in each of a plurality of vehicles; and

a traffic condition indicator generation unit configured to generate a traffic condition
indicator for each road section on the basis of the probe data and record the generated traffic

condition indicator in a traffic condition database.

5. A signal control method comprising:

an emergency vehicle information acquisition step of acquiring emergency vehicle
information including position information on an emergency vehicle;

a traffic condition change amount information acquisition step of acquiring traffic
condition change amount information indicating, for each road section, an amount of change
in traffic conditions according to a lighting state of traffic lights; and

a signal control step of performing, on the basis of the emergency vehicle information
and the traffic condition change amount information, control of the traffic light provided in a
road section on which the emergency vehicle travels;

a signal switching information acquisition step of acquiring signal switching
information indicating that the lighting state of the traffic light has been switched;

a traffic condition indicator acquisition step of acquiring a traffic condition indicator
of a road section in which the traffic light is provided; and

a traffic condition change amount information generation step of generating, on the
basis of the traffic condition indicator at a time point at which the signal switching
information is acquired from the traffic light and the traffic condition indicator at a time point
at which the previous signal switching information has been acquired from the traffic light,
generate traffic condition change amount information on a road section in which the traffic

light is provided.

6. A program causing a computer of a signal control device to function as:

an emergency vehicle information acquisition unit configured to acquire emergency
vehicle information including position information on an emergency vehicle;

a traffic condition change amount information acquisition unit configured to acquire
traffic condition change amount information indicating, for each road section, an amount of
change in traffic conditions according to a lighting state of traffic lights; and

a signal control unit configured to perform, on the basis of the emergency vehicle
information and the traffic condition change amount information, control of the traffic lights

provided in a road section on which the emergency vehicle travels;



48

a signal switching information acquisition unit configured to acquire signal switching
information indicating that the lighting state of the traffic light has been switched;

a traffic condition indicator acquisition unit configured to acquire a traffic condition
indicator of a road section in which the traffic light is provided; and

a traffic condition change amount information generation unit configured to generate,
on the basis of the traffic condition indicator at a time point at which the signal switching
information is acquired from the traffic light and the traffic condition indicator at a time point
at which the previous signal switching information has been acquired from the traffic light,
generate traffic condition change amount information on a road section in which the traffic

light is provided.



