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(57) Abstract: For each of the traveling directions (traveling dir-
ection 1 to traveling direction 4) at an intersection, a traftic-light
cycle length estimation device acquires a time at which a vehicle
in the stopped state starts moving, calculates the time difference
between neighboring start times, which have been acquired, as a
start interval, and generates a histogram based on the number of
samplings of start intervals. The device combines the generated
histograms into a histogram for all direction to generate one his-
togram that represents the relation between the start intervals and
the number of samplings and, based on this histogram, estimates
the cycle length of the traffic light. If a particular value, one of
the start intervals, corresponds to the maximum number of
samplings, that particular value is estimated as the cycle length.
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TRAFFIC-LIGHT CYCLE LENGTH ESTIMATION DEVICE
BACKGROUND OF THE INVENTION

1. Field of the Invention \

[0001] The present invention relates to a traffic-light cycle length estimation
device for estimating a cycle length that is a time interval from the tlme the traffic light
color changes to green to thle time the traffic light color changes Back to green via yellow

and red. .

2. Description of RclatedAﬁ _

[0002] A traffic-light infoﬁnation estimation device for estiniating a cycle léngth
is proposed, for exémple, in Japanese Patent Application Publication No. 2009-116508
(JP 2009-116508 A). The cycle lcngth refers to a time interval from the time the color
of a traffic light, installed at an intersection, changes to green to the time the color of the
traffic light changes béck to green via yellow and red. This device estimates the cycle

length of a traffic light,. based on the time difference between the time a vehicle in the

- stopped state at an intersection starts moving when the traffic light changes to green and

‘the time a vehicle starts moving at a later time when the traffic light changes to green

again.
[0003] However, because the device described above assumes that there is always
a vehicle that starts moving when the traffic light changes to green, the cycle length

cannot be estimated at an intersection where the traffic is light.

SUMMARY OF THE INVENTION
[0004] The present invention provides a traffic-light cycle length estimation

device capable of estimating a traffic-light cycle length even at an intersection where the

traffic is light.
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[0005] An aspect of the present invention relates to a traffic-light cyéle length
estimation device. A traffic-light cyéle length estimation device includes a time
acquisition unit that a_cqﬁires information about a start time at which a vehicle in a
stopped state at a target intersection starts mbving, the farget intersection being an
intersection where a traffic light is ‘installed, the start time including a start time at which
a vehicle starts moving in each .of a plﬁrality of start directions at the target intersection; a
time difference calculation unit that calcuiates a time difference between neighboring
times of the start times based on the time information acquired by the time abquisition
unit; and an estimation unit that estimates a cycle length of the traffic light installed at the
target intersection, based on a plurality of the time differencgs célculated by the time -
difference calculation unit. A

[0006] A plurality of traffic lights installed at an intersectiqn has the same éycle
length. In view of this, in estimating the cycle time based on the time differences
among start times, the device described above uses the times at which vehicles start
moving in a plurality of directions. In other words, the device uses the start times of
vehicles‘that start moving when two or more traffic lights, installed at one intersection,
change to green. Using these start times increases the number of samplings between the
start times used for estimating the cycle time, allowing the éycle time to be estimated
even at an intersection where the traffic is light. o

[0007] In the above aspect, the traffic-light cycle length estimation device may
further include a relative frequency generation unit that, for the time differences
calculated by the time difference calculation unit, generates relative relation information
about a number of samplings of each of the time differences that have the same value to
each other wherein, if a particular value of the time differences calculated by the time
difference calculation unit is a value corresponding to a maximum number of samplings,
the estimation unit may estimate the particular value as the cycle length.

[0008] The inventor has found the tendency that the value of the time difference

corresponding to the maximum number of samplingé is near to the cycle length of a
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traffic light installed at an iﬁtefsection. In view of this, if a particular vélue corresponds
to the maximum number of samplings, the device described above gstimafes the
particular value as the cycle length. |

[0009] In the above aspect, if a particular value of the time differences calculated
by the time difference calculation unit is a minimum value, the estimation unit may
estimate the particular value as the cycle length.

[0010] A time difference that is not the minimum is considered a multiple of the
cycle length. In view of this, if a particular value is the minimum, the device described
above estimates the particular value as the cycle length.

[0011] In the above aspect, if the particular value is a greatest coinmon divisor of
values of the calculated time differences, the estimation unit may estimate the particular
value as the cycle length. | | o

‘[0012] The time difference between the neighboring start times is considered the
cycle time or an integral multiple ’ther'eof. In view of this, the condition for estimating a
particular value as the cycle length includes the condition that the panicular value is the

greatest common divisor of the calculated time differences. This increases the aécuracy

. of estimatjon that the particular value is the cycle length.

[0013] In the above aspect, the estimation unit may include a greatest common
divisor calculation unit that calculates a greatest common divisor of the values of the time
differences calculated by the timé difference calculation unit and, if the particular value is
not a greatest common divisor of the calculated time differences, the estimatioﬁ unit may
eStimatg the  greatest common divisbr, calculated by the greatest common divisor
calculation unit, as the cycle length.

[0014] For use when it is considered that estimating a particular value as the cycle
length is not appropriate, the device described above includes the greatest common
divisér calculation unit to estimate a value, more appfopriate than the particular value, as
the cycle length.

[0015] In the above aspect, the estimation unit may include a greatest common
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divisor calculation unit that calculates a greatest common divisor of the values of fhe time
differences calculated by the time difference calculation unit and the estimation unit ﬁlay
estimate the greatest common divisor, calculated by the greatest common divisor
calculation unit, as the cycle length.

[0016] The time difference between the neighboring start times is considered the
cycle time or an integral multiple thereof. Therefore, the greatest common divisor of the
time difference values is most likely the cycle length. In view of this, the device
described above includes the greatest common divisor calculation unit to estimate the
cycle length accurately.

[0017] In the above aépcct, the time difference calculation unit may include a raw
data - generation unit that calculates the time differences among the times; and a
representative value calcuiation processing unit that calculates  a representative value
based on the time differences which are genérated by the raw data generation unit and the
time difference among which is equal to or smaller than a predetermined value, and the
representative value calculated by the representative value calculation processing unit
may be output as the time difference. .

[0018] The time differen_ce between thé neighboring start times ié conéidcred an
integral multiple of the cycle time that is a period of time from the time the traffic light
chﬁnges to green to the time the traffic light changes to green again. However, there is a
variation in the delay time from the time the traffic light changes to green to the time a
vehicle starts moving. Therefore, the time differences are distributed around an integral
multiple of the cycle length. In view of this, the device described above includes the
representative value calculation unit t0 défine a representative value, making it easy to
estimate the particular value as the cycle time.

[0019] In the above aspect, the time acquisition unit may selectively acquire the
start time of a first vehicle when a plurality of vehicles traveling in the same direction,
which is in a stopped state, starts moving at the intersection.

[0020] ~ When a plurality of vehicles traveling in the same direction, which is in
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the stopped state, starts moving at the intersection, there is a tendency that the start time
of the second and the subsequent vehicles deylays.from the start time of the first velﬁcle
and that the start time of the first vehicle is nearest to the time the traffic light changes to
lgreen. “In view of this, the device described above selectively acquires the start time of
the first vehicle to acquire accurate information about the time the traffic light changes to

green.

BRIEF DESCRIfHON ,OF THE DRAWINGS

[0021] Features, advantages, and technical and industrial signiﬁc;ance of
exemplary embodiments of the invention will be described below with rcfcreﬂce to the
accompanying drawings, in which like numerals denote like elements, and wherein: |

FIG. 1 is a system configuration diagram in a first embodiment;

FIGS. 2A-2B are diagrams showing a traveling information collection method in the
embodiment; '

FIG 3 is a flowchart showing a procedure for the time-difference collection
processing in the embodiment;

FIG. 4 is a flowchart showing a prdcedure for the start interval calculation
processing in the embodiment; | | |

' FIGS. 5A-5B are diagrams showing the start interval histogram generation

processing in the embodimenf; |

FIG. 6is a diagrém showing the histogram generation processing for all diréétions in
the embodiment;

FIG. 7 is a flowchart showing a procedure for the cycle length estimation processing
in the embodiment; |

FIG. 8 is a flowchart showing a procedure for the greatest common divisor
calculation processing for all start intervals in the embodiment; |

FIG 9 is a diagram showing the greatest common divisor calculation method in the

embodiment;
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- FIGS. 10A-10C are diagrams showing examples for estimating the cycle length in

the embodiment; and

FIG. 11 is a flowchart showing a procedure for the greatest common divisor .

calculation processing for all start intervals in a second embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] <First embodiment> A traffic-light cycle length estimation device in a first
embodiment is described below with reference to the drawings. |

[0023]  FIG 1 shows the system configuration in the embodiment. In the
system shown in the figure, a vehicle PC tfaveling on a road communicates with a ceﬁter :
20. | In this system, a vehicle PC that can conimunicate with the center 20 includes a
processing device 10 and a communicator 12. The processing device 10 is an electronic
device that-performs various types of operation processing. As the processing device 10,
an electronic device having a navigation system is assumed. = The communicator 12 is an |
electronic device that wirelessly communicates with a communication unit 22 provided in
the center 20.

[0024] On the other hand, the center 20 includes the communication unit 22 that
wirelessly communicates with the communicator 12, an operation unit 24 that perfbrms -
various types of operation, a map/intersection database 26, and a vehicle information
database 28.

[0025] The map/intersection database 26 stores road map information including-
the intersection infdrmation. The vehicle information database 28 stores information
about the vehicle PCs that are sent from the vehicle PCs and received ‘by the
communication unit 22. The operation unit 24 estimates a traffic-light cycle length

based on the information stored in the map/intersection database 26 and the vehicle

information database 28.

'[0026] The estimation processing for estimating a traffic-light cycle length is

described in detail below. FIG. 2A shows an example in which there are intersections at
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which the traffic lights, TLA tb TLF, are installed in this order in the traveling direction

| of a vehicle PC. Among these traffic lights, the vehicle PC should see the traffic lights

TLB, TLD, and TLF when it travels straight ahead. For example, at the intersection

© CL1, the traffic light TLA is a traffic light that a vehicle that travels in the direction,

opposite to the direétio_n of the vehicle PC shown in FIG. 2, should see when it enters the
intersection CL1. |

[0027] When traveling on a road, a vehicle PC sends the traveling information to
the center 20. The traveling information includes the traveling speed of the vehicle PC
(vehicle speed Vpc), pos1t10n information, link information (in the figure the link number
NLa is shown as an exa.mple), time information (timestamp) assocmted with the vehicle
speed Vpc, position information, and link mformatlon, and route information indicating
the planned traveling route of the vehicle PC. The route information can be obtained
only when the driver of the vehicle PC sets a destination in advance using the navigation
system. When a destination is not set, the route information is not included m the
traveling information. In addition to the information described above, the travcling
information may mclude the tlme -series information on the brake operatlon (brake
information) and the tlme -series mformatlon on the accelerator operation (accelcrator
information).

[0028] The position information described above is information for identifying
the position of the vehicle PC. More Specificall_y, the position information is
information (latitude information and longitude infbrmation) obtained by receiving
signals from a GPS satellite 40. The link information is information for identifying the
tr_aveling direction. More specifically, the link information identifies a corresponding
link number that is one of the link numbers held by the navigation system included in the
processing device 10. FIG. 2B schematically shows the link information. In the
navigation system, link numbers NLal ~ NLa4 and NLb1 — NLb4 are given to the roads,
each of which is partitioned by the intersections, as shown in the figure. The link

numbers NLal — NLa4 specify the lane in which the vehicle travels from the intersection,
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at which the traffic light TLB is installed, to the intersection at which the traffic light TLF
is installed. On the other hand, the link numbers NLbl — NLb4 specify .the lane in

which the vehicle travels from the intersection, at which the traffic light TLE is installed,

to the intersection at which the traffic light TLA is installed.

[0029] The navigation system in the processing device 10 identifies a link number
based on the position information described above and the road information held in the
navigation system. More specifically, when it is determined based on the position
information that the vehicle PC is positioned before the intersection at which the traffic
light TLA is installed, the navigation system selects the link numbers NLal and N]:bl as

correct link number candidates. Next, the navigation system identifies the vehicle

~ traveling direction based on a change in the position information and, then, identifies the

link number NLal in the example shown in FIG. 2A. In this case, instead of using the
vehicle traveling direction, the route information may be used to identify a link number.
Of course, the route information may also be used to identify the vehicle fraveling
direction without using the link information. | .

[0030] The center 20 generates- the vehicle information database 28 based on the
information about the traveling of the vehicle PC above and, based on the generated
vehicle information datébase- 28, estimates the traffic-light cycle length of each
interséction. FIG. 3 shows a procedure of processing for éollecting the time-difference
data used to estimate the traffic-light cycle length. This processing is performed by the
operation unit 24.

'[0031] In the sequence of processing shown in FIG. 3, the operation unit 24
performs the following for a target intersection for which the traffic-light cycle length is
to be estimated. That is, the operation unit 24 acquires the start-time sampling values of
a vehicle PC, which travels in a particular traveling direction, based on the vehicle
information database described above (S10). For example, when the intersection CL1
shown in FIG 2A is a targét intersection, the operation unit 24 acquires the start-time

sampling values at the intersection CL1 for a vehicle that should see one particular traffic
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light of the traffic lights TLA, TLB, TLa, and TLb at the intersection CL1. In this case,
the start-time sampling value is identified based on the traveling information on the
vehicle PC. That is, when the vehicle speed Vpc becomes zero before the intersection
CL1, it is determined that the vehicle PC has stopped at the intersection CL1 and, after
that, when the vehicle speed Vpc bécomes a value larger than 0, that time is identified as.
thé start time. The processing for determining whether the vehicle PC has stopped or

started may be performed by receiving not only the vehicle speed Vpc but also the brake

 information or the accelerator information. In this case, it is determined that the vehicle

PC has stopped if the logical AND between the two conditions is true, one condition is
that the vchicic speed Vpc has reached zero and the other condition is that the brake is
applied. It is also determined that the vehicle PC has started moving when the
accelerator is pressed and the vehicle speed Vpc has changed to a value larger than zero.

[0032] I two or more vehicles traveling in the same traveling direction are in the
stopped state at one interscctidﬁ; the start time of only the first vehicle is acquired in this
embodiment. . This is becaﬁse, when the traffic light changes from red to green, it is
considered that the variation in the delay in the start time of the first vehicle is smaller
than thé variation in the delay in the start time of the second and the subsequent vehicles.
The first vehicle, one of the vehicles that stop at the same intersection at the same time,
can be idcntiﬁed based on the position information.‘

[0033] Next, the operation unit 24 performs the processing for calculating an
interval between the ncighborihg start times (start interval) for a vehicle that travels in a .
particular traveling direction (S12). FIG. 4 shows the detail of this procéssing.

[0034] In the sequence of processing shown in FIG 4, the operation unit 24 first
performs the calculation processing for calculating the time difference x(i) between the
neighboring start times (S20). For example, if the sampling values collected on a
particular day include “19 minutes past 12” and “21 minutes past 12” with no intervening
sampling value, the time difference is calculated as “120s”.

[0035] Next, the operation unit 24 groups the time differences x(i) into groups,
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each of which-includes time differences x(i) that differ with each other by a value equal to

~ or smaller than a predetermined value (for example, 2s to 5s), ‘based on the cycle length

(S22). - ThlS processing is performed to make the time differences x(i), included in each

group, correspond to the same multiple of the cycle length, considering the fact that the

time difference x(i) corresponds not only to the cycle length but also to a multiple of the
cycle length. For exémple, at the intersection CL1 shown in FIG. 2A, assume thé
following ‘situation. That is, a vehicle that has been in the stopped state because thé
traffic light TLB is red starts moving when the traffic light TLB changes to greeﬁ.' After
that, when the traffic light TLB changes to red again, there is no vehicle that is in the
stopped state and, after that, when the traffic light TLB changes to green and then -red,
there is a vehicle that is in the stopped state. In this situation, the time difference x(i)
between the neighboring start times is about twice the period of time during which the
traffic light changes from green to the next green (cycle length). In this way, because
the time difference x(i) corresponds to a time difference that is generated by multiplying
the cycle length by one of various integers, the time differences are grouped into groups.
[0036] This processing can be performed by selecting a median so that as many
sampling values as possible are included in a region the boundaries of which are the

predetermined value away from the median on both sides or in a region the boundaries of

which are an integral multiple of the predetermined value away from the median on both

sides. Thét is, the sampling values included in each region, defined by the median, are
considered to belong to the-same group. The sampling values not included in any region
in this processing are eliminated (outliers).A

[0037] Next, the operation unit 24 calculates the representative value of each
group (S24). In this embodiment, the representative value is the simple moving average
of the sampling values in the same group. The operation unit 24 assigns each of the
calculated representative values to the start interval Xj (j = 1, 2, 3, ...) (S26) and then
terminates the processing in step S12 in FIG. 3. As a result, the start intervals Xj are

calculated for the groups identified in step S22, one for each.

10
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[0038] Next, the operation unit 24 generates a histogram that associates each of
the start intervals Xj, which differ from each other, with the number of samplings (S14).
In this case, the number of samplings of each of the start intervals Xj is the number of
samplings of the .time difference x(i) used for the calculation of the start interval Xj.
After that, the operation unit 24 combines the histograms, generated in step S14 for each
of all start directions, into one.hjstogram fo generate a histogram for all directions (S16).
For example, when vehicles starts at the intersection CL1 shown in FIG. J2A, the
operation unit 24 combines the histogram about a vehicle that sees the traffic light TLA,
the histogram about a véhicle that sees th.e'trafﬁc light TLB, the histogram about a
vehicle that sees the traffic light TLa, and the histogram about a vehicle that sees the
traffic light TLb. o ‘

[0039] In combining the histograms, if two or more start intervals, which differ
from eaéh other, are included in the histograms ‘for different directions and if. tﬁeir
difference is equal to or smaller than the predetermined value (for example, 2s - 5s), those
sfart intervals are assumed to belong to the same group and the start interval in the
combined histogram is calculated through the moving average processing. For example,
when the Anumbcr of samplings of the start interval “119s” is “M” in one direction and the
numbcrvof samplings of the start interval “120s” is “1” in another direction, the number
of samplings of the start interval “(M-119 + L-120)/(M + L)” is “M + N” in the histogram |
created in step S16. thn the processing in step S16 is completed, the operation unit
24 once terminates the sequence of processing shown in FIG. 3.

[0040]A The following describes the burpose of combining the histograms for all
directions. Consider the case in which a vehicle sfarts moving in a particular direction
(traveling direction 1) at a particular intersection as shown in FIG 5A. Assume here
that the traffi’c-light cycle lenéth of this iﬁtersection is “120s”. For an intersection where
the‘ traffic is light, there is a possibility that only a multiple of the start interval is
generated with no start interval corresponding to the cycle length as shown in FIG. 5B.

[0041] On the other hand, when all histograms for traveling direction 1, traveling

11
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- direction 2, traveling direction 3, and traveling direction 4 are combined as shown in FIG.

'6, the probability of the occurrence of the staﬁ interval Xj, which corresponds to the

cycle length, can be increased.

- [0042] FIG. 7 shows a procedure for the traffic-light cycle length estimation
processing.  This processing is performed by the operation unit 24. In this sequence of
processiné, the operation unit 24 first extracts a start interval, which corresponds to the
maximum numbér of samplings, from the histogram generated by the processing in step
S$16 in FIG. 3 (S30). This processing is performed based on the consideration that the
start interval with the maximum number of samplings is most iikely th‘e. value
corresponding to the cycle length. FIG 6 schematically shows an example in which the |
start interval with the maximum number of samplings is “120s” that is équal to the cycle |
length. |

[0043]  Next, the operation unit 24 determines whether the start interval with the
maximum number of samplings is the minimum start interval in the histogram generated -

in step S16 in FIG. 3 (S32). This processing is performed to determine whether the

“condition that the start interval with the maximum number of samplings is the cycle

length is satisfied. That is, because there is no start interval shoﬂer than the cycle length,
it is reasonable that the condition that there is no start interval, which is shorter thén the
cycle length, is satisfied when estimating that the start interval with the maximum
number of samplings is the cycle length. |

[0044]' If the start interval with the maximum number of samplings is Vthe
minimum start interval in the histogram (S32: YES), the operation unit 24 determines
wh.etherlthe start interval with the maxunum number of samplings is the greatest common
divisor of the start interval Xj G = 1, 2, 3, ...) in fhe histogram generated By the
processing in step S16 in FIG 3 (S34). This processing is performed to determine
whether the condition that the start interval with the maximum number of samplings is
the cycle length is satisfied. That is, because the start intervals Xj in the histogram

should be all a multiple of the cycle length, it is reasonable that the condition that the start

12



10

15

20

25

WO 2015/114453 PCT/IB2015/000180

interval with the maximumrnumber.of samplings is the greatest common divisor of all
start intervals Xj in the histogram is satisfied when estimating that the start interval with
the maximum number of samplings is the cycle length. Note that the condition that the
sfart interval with the maximum number of samplings is the greatest common divisor is
less strict than the condition that a multiple of the start interval with the max1mum
number of samplings corresponds to each of the start intervals in the hjstogram; The
reason is that there is a delay time between the time the traffic light TLA changes from
red to green and the time a vehicle PC starts moving and that this delay time may vary
according to the user’s driving tendency or the surrounding situation. That is, as long as
the delay time varies, a deviation may be generated between the start interval calculated
by the processing in FIG. 3 and a multiple of the cycle length. Therefore, in this
embbdiment, if the difference between a multiple of the start Vinter\‘ral with the maximum
number of samplings and the start interval in the histogram is equal to or smaller than a
predetermined value (for exainple, 2s — 5s), it is determined that the start interval with the
maximum number of sémplings is the greatest common divisor of the start intcrvais in the
histogram.

[0045] If it is determined that the start interval with the maximum number of
samplings is the greatest common divisor of the start intervals in the histogram (S34:
YES), the operation unit 24 estimates that the start interval with the maximum number of
samplings is the cycle length (S36).

[0046] - On the; other hand, if the start interval with the maximum number of
saniplings is not the minimum start interval in the hisfogram (S32: NO), the operation
unit 24 determines whether the minimum start interval is the greatest common divisor
(S38). This processing is performed to determine whether the condition that the
minimum start interval is the cycle length is satisfied. In this case, the method for

determining that the minimum start interval is the greatest common divisor is the same as

that used in the processing in step S34. If it is determined.that the minimum start

interval is the greatest common divisor (S38: YES), the operation unit 24 estimates that
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the minimum start interval is the cycle length (S40).

[0047] On the other hand, if it is determined that the minimum start interval is not
the greatest common divisor (S38: NO), the operation unit» 24 calculates the greatest
common divisor of all start intervals Xj (J = 1, 2, 3, ...) in the histogram genefated in step
S$16 in FIG. 3 (S42). FIG 8 shows the procedure for this processing. |

- [0048] In the sequence 6f this processing, the operation unit 24 first calculates the
time difference AXXk that is the difference between the neighboring start intervals X1, X2,
... in the histogram (S50). This is described more in detail with reference to FIG. 9.
FIG. 9 shows an example of the histogram generated in step S16 in FIG. 3. Thelﬁgure
shows that seven start intervals, X1, X2, ..., X7, in the combined histogram for all
directions are “239, 359, 480, 720, 839, 1080, 1200” respectively. In the processing in
step S50, the operation unit 24 calculates a total of seven time differences AX1 - AX7
such as the difference between start interval X1 and “0” as time difference AX1 and the
difference between start interval X2 and start interval X1 as time difference AX2. These
tirhe differences AX1 - AX7 are calculated as candidates for the greatest common divisor.
For time difference AX1, the difference is calculated exceptionally from “0” as described
above.

[0049] Next, the operation unit 24 estimates the largest number of time
differences AXk as the greatest common divisor (S52). That is, in the exaniple shown in
FIG. 9, there are two time differences AXk the value of which is “120”. Because the
number of this time difference values is the maximum, the' operation unit 24 estimates
“120s™ as the greateét common divisor. When the processing in step S52 is completed,
the operation unit 24 completes the processing in step S42in FIG. 7. The operation unit
24 estimates the greatest common divisor, calculated in step S42, as the cycle length
(S44). 'When the processing in step S36, S40, or S44 is completed, the operation unit 24
once terminates the sequence of processing shown in FIG. 7.

[0050] The following describes the operation of this embodiment with reference

" to FIGS. 10A for 10C. FIG. 10A shows an example in which the start interval, which is
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the minimum in the histogram 'gcnerated in step S16 in FIG. 3, is the start interval with
the maximum number of sa.mp_lings (120s in the example). In this case, because step

$32 in FIG. 7 is affirmative, the operation unit 24 estimates this start interval as the cycle

~ length in step S36 if the condition in step S34 is satisfied.

~ [0051] FIG 10B shbws an example in which the number of samplings of the
minimum start interval (120s in the Aexample) is not the maximum. In this case, if the
condition in step S38 is satisfied, the operation unit 24 estimates the minimum start
interval as the cycle length in step S40. |
[0052] FIG. 10C shows an example in which step S38 is determined as negative |

by the operation unit 24. In this case, the operation unit 24 calculates the greatest

~ common divisor through the processing in step S52 in FIG. 8 and estimates the calculated

greatest common divisor as the cycle length.

[0053] The cycie length, estimated as described above, is used in the services
provided from the.center 20 to a vehicle PC. For example, as oné of the services, the
center 20 predicts a time at which the traffic light will change to grcén and provides this

prediction to a vehicle PC. An actual service for providing the result of predicting a

'timve, at which the traffic light will change to green, is provided in the following manner.

- For example, a message is sent to a vehicle, which is in the stopped state at an

intersection, to pfdmpt it to see the traffic light when the traffic light has changed to green.
A meésage' is also sent to a vehicle that remains in the stopped state even after the traffic
light has already changed to green. |
[0054] The embodiment described above achieves the effect given be'iow.

(1) The time differences between the neighboring sampling values of start times at an
intersection, for which the cycle length is to be estimated, are combined for all start
directions (step S16 in FIG. 3). Combining the time differences for all directions in t'hj.s
manner increases the number of samplings of time differences zbetween the start times
used for estimating the cycle length, thus allowing the cycle length to be_.estimated.even '

at an intersection where the traffic is light.
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[0055] (2) If a particular value of the start inteﬁals in the histogram, generated by
the processing in step S16 in FIG. 3, corresponds to the maximum number of samplings,
the particular value is estimated as the cycle time (S36). In this case, except when the
traffic is extremely light at an intersection, the value of the start interval corresponding to
the maximum number of samplings is considered to be near to the cycle length of a traffic
light at the intersection. L Therefgre, using a start intcfval with the maximum number of
samplings as a candidaté for the cycle length makes it possible to estimate the cycle
length correctly. |

[0056] (3) If a particular value of the start interva_ls in the histogram, generatéd by
the processing in step S16 in FIG. 3, is the minimum value, the particular value is
estimated as the cycle time (S40). In this case, a start interval that is one of the start
intervals described above but is not the minimum is considered to correspond to a
multiple of the cycle length. Therefore, using the minimum as a candidafe for the cycle
length makes it possible to estimate the cycle length coﬁectly.

[0057] (4) If a particular value of the start intervals in the histogram, generated by

the processing in step S16 in FIG. 3, is the greatest common divisor of all start intervals,

* the particular value is estimated as the cycle length (S36, S40). This increases the

estimation accuracy of the cycle length because all start intervals are an integral multiple
of the cycle length.

[0058] (5) If the minimum start interval is not the cycle length (S38: NO), the
greatest common divisor of all start intervals is used as the cycle length (S44). This
makes'it'possible to estimate the cycle length even if any sampling value of the start
interval does not correspond to the cycle length.

[0059] (6) The start interval Xj is calculated thrdugh the moving average
processing of the sampling values of the time difference x(i). This makes it possible to
uniquely determine the start interval Xj corresponding to a predeterfnined multiple of the
cycle length even if there is a variation in the time differences corresponding to the same

multiple of the cycle length.
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[0060] (7) When a plurality of vehicles that is in the stopped state at the same
intersection starts moving, the start time of the first vehicle is selectively used to calculate
the start intervai Xj (step S10 in FIG. 3). This makes it ‘possible to calculate the start
interval Xj based on accurate information about the time the trafﬁc light changes to
green. |

[0061] <Second embodiment> A second embodiment is described below with |
reference to the drawings with focus on the ciifferencc from the first embodiment.

[0062] In this embodiment, the processing in step S42 in FIG 7 is performed by

~ the processing in FIG 11 instead of the processing in FIG. 8. In FIG. 11, the same step

number is used for the processing corresponding to that in FIG 8 for the sake of

‘convenience.

[0063] When the processing in step S50 is completed in the processing shown in
FIG. 11, the operation unit 24 receives the start intervals in the histogram generated by
the processing in step S16 in FIG. 3 and calculates the greatest common divisor using the
least-squares method (S52a). That is, the operation unit 24 calculates the variable A that
minimizes the sum of squares of the difference between each of the start intervals X1, X2,
X3, ... and each of the integral multiple values of the variable A (nl-A, n2-A, n3-A, ...)
and sets thé calculated result to the greatest common divisor. The integeré nl, n2, n3, "
may be any random vélué. It should be noted that, if the relation “X1 < X2 <X3..”is
satisfied, using the condition “nl < n2 < n3 ...” helps reduce the operation load. |
<Correspondence between téchnicél concept land embodiments>

[0064] The following describes the main correspondence between the
embodiments described in SUMMARY OF THE INVENTION and the embodiments.

[0065] [Time acqﬁisition unit ... S10, Time difference calculation unit S12,
Estimation unit ... Processing in FIG. 7, Plurality of start directions ... S16 and see FIG.
6] [Relative frecjuency generation unit ... S14, S16, Condition that_tHe vélué coﬁesponds
to a §al_ue with the maximum number of samplings ...S32] [“if a particular value of the

time differences calculated by the time difference calculation unit is 2 minimum value,

17



10

15

20

25

WO 2015/114453 PCT/IB2015/000180

the estimation unit may estimate the particular value as the cycle length.” ... Processing

~ in S32 and S38] [“if the particular value is a greatest common divisor of values of the

calculated time differences, the estimation unit may estimate the particular value as the

cycie length.” ... Processing in S34, S38] [Greatest common divisor calculation unit ...

- S42, S44] [Greatest common divisor calculation unit ... S42, S44] [Raw data generation

unit ... S20, Representative value calculation unit ... S24] [“the time acquiSition unit may
selectively acquire the start timé of a first vehicle when a plurality of vehicles traveling in
the same direction, which is in a stopped state, starts moving at the intersection.” ...
Proceséing in SlO]
<Other embodiments>
The embodiments described above' may be changed as follows.

~ [0066] . “Processing for estimating a start interval Xj with the maximum number
of samblinés as the cycle length” -
After a start | interval with the maximum number of samplings is extracted in the
processing shown in FIG. 7 (S30), the processing may proceed, not to the processing in
steb S32, but directly to the processing in step S34.

[0067] In addition, a specified value, which is lower than twice (for example, 1.5

times) the lower limit value of a value that can be aséumed‘ as the cycle length, is defined
for an intersection. In this case, if the start interval with the maximum number of

samplings is equeil to or smaller than the specified value, the specified value may be

~ estimated as the cycle length without performing the processing in step S34.

"[0068] In addition, after the pfocessing in step S34, the final cycle length may be
calculated by correéting the start interval with the maximum number of samplings. For
example, the final cycle length can be calculated using the least-squares method similar
to that used in the processing in step S52a in FIG. 11. That is, a value considered
ﬁearest to the cycle' length is calculated from the start interval with the maximum number
of samplings and one or more values, each of which differs from this start interval by a

value equal to or smaller than predetermined value (for example, 2s — 5s), through the
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least-squares method. The calculated value, if different from the value extracted by the
processing in step S30, may be used as the corrected value. |
[0069] e« “Processing for estimating the minimum value of the start interval Xj as |
the cycle length”
For example, the lower thit value of the number }(.)f samplings is defined for the
minimum start interval Xj. In this case, if the number of samplings is equal to or larger
than the lower limit value, the processing in step S38 may be ﬁerformed. In this case,
the processing in steps S30 — S36 may be deleted in the processing shown in FIG. 7.
[0070] For example, a specified value, which is lower than twice (for example,
1.5 times) the lower limit value of a value that can be assumed as the cycle length, is

defined for an intersection. In this case, if the minimum value of the start interval Xj, is

“equal to or smaller than the specified value, the speéified value may be estimated as the

cycle length without performing the processing in step S38.

[0071] In addition, after the piocessing in step S38, the final cycle léngth may be

‘calculated by correcting the minimum value of the start interval. For example, the final

cycle length can be calculated using the least-squares method similar to that used in the
processing in step S52a in FIG. 11. That is, a value considered nearest to the cycle
length is calculated from the minimum value of the start intervai and one or more values,
each of which differs from the minimum value by a predetermined value (for example, 2s
— 5s), thIough the least-squares method. The calculatéd value, if different from the
minimum value, may be used as the corrécted value. '

[0072]  ° “Greatest common divisor calculation unit”

- For example, instead of the processing in step S52 in FIG. 8, the average of the number of

samplings of each of the start intervals Xk and Xk-1, which are used to calculate the time

difference AXKk, is used as the quantitative value (evaluation point) for evaluating the

time difference AXk, and the time difference AXKk that has the highest eValuati(_)n point

may be used as the greatest common divisor. If there are two or more time differences

AXk that have the same value, the evaluation point of that value is the total of the
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evaluation points of the time differences AXk that have the same value.

[0073] - “RepfesentatiVe value calculation unit”

In the above embodiments, the representative value is 'calcnlated by performing the
sixnple moving average proeessing for the time differences x(i) that differ with "each other
by a value equal to or' smaller than the predetermined value. The calculation of‘ the
representative value is not limited to this method. For example, after ca.lculating
sampling values to some extent by the processing exemplified in FiG. 4, the proeessing
for eliminating an outlier in step S22 may be stopped and, for each calculaten .time
difference x(i), the weighted moving average processing with the nearest representaﬁve
value may be performed to update the representative value. In this case, the weighting
factor of each calculated time difference x(i) is set sufficiently smaller than the weighting
factor of the representative value.

[0074] The repfesentative value need not always be calculated by the moving -
average processing. For example, the value corresponding to the largest number of
samplings in the group, which includes the time differences x(i) that differ with each
other by a value equal to or smaller than a predetermined value, may be the representative
value. ' |

| [0075] - [Relative frequency generation unit]
When generating a histogram (S14, S16), the number of samplings -need not always be

associated with each start interval Xj. For example, the ratio (percentage) of the number

. of samplings of each start interval Xj to the total number of samplings may be generated |

as the information about relative relation of the number of samplings.
[0076] * When a plurality of vehicles traveiing in the same direction is in the
stopped state at an intersection, the “time acquisition unit” need not always acquire the

start time of the first vehicle. For example, with a correction added. as necessary to the

"second and the subsequent vehicles, the start times of all vehicles in the stopped state

may be used as the sampling values or the average of these start times may be used as the

sampling value of one start time.
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[0077] * When the cycle length calculated in the processing in steps S36, S40,
and S44 in FIG. 7 is not an integer, the “cycle length value” may Be rounded off to the
nearest whole number as the final cycle length. |

[0078] - The “plurality of directions” need not always be all directions. For
example, the directions may be two directions opposite to each other, two directions
intersecting with each other, or three directions.

[0079] Even when the start time of a vehicle in one directioﬁ is used, the cycle

lengthvmay be estimated by performing the processing exemplified' in FIG. 7.
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 CLAIMS

1. A traffic-light cycle length estimation device comprising: |

a time acquisition unit that acquires information about a start time at which a vehicle
in a stopped sfate at a target intersection starts moving, the target intersection being an
'inte.rsection where a traffic light is installed, the start time including a start time at which
a vehicle starts moving in each of a plurality of start directions at the target intersection;

a time -diffprence calculation unit that calculates a time difference between
néighboring times of the start times based on the time inforination‘ acquired bSr the time
acquisition unit; and

an estimation unit that estimates a cycle length of the traffic light installed at the
target intersectioh, based on a plurality of the time differences calculated by the time

difference calculation unit.

2. The traffic-light cyclé length estiination device according to claim 1, further
comprising: |

a relative frequency generation unit that, for the time differences calculated by the
time difference calculation unit, generates relative relation information about a number of
samplings of each of the time differences that have the same value to each other wherein
ifa ﬁarticular value of the time differences calculated by the time difference calculation
 unit is a value corresponding to a maximum number of samplings, the estimation unit

estimates the particular value as the cycle length.

3. The traffic-light cycle length estimation device according to claim 1, wherein
if a particular value of the time differences calculated by the time difference calculation
unit is a minimum value, the estimation unit estimates the particulaf value as the cycle

* length.
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4. The traffic-light cycle length estimation device according to claim 2 or 3,
wherein
if the particular value is a greatest common divisor of values of the calculated time

differences, the estimation unit estimates the particular value as the cycle length.

5. The traffic-light cycle length estimation device accofding' to claim 4, wherein

the éstimation unit comprises a greatest common divisor calculation unit that
calculates a greatest common divisor of the values of the time differences calculated by
the time difference calculation unit and |

if the particular value is not a greatest common divisor of the calculated time
diffcrences, the estimation unit estimates the greatest common divisor, calculated by the

. greatest common divisor calculation unit, as the cycle length.

6. The traffic-light cycle length estimation device according to claim 1, wherein

the estimation unit comprises a greatest common divisor calculatién unit that
calculates a greatest common divisor of the values of the time differences calculated by
the time difference calculation unit and |

the éstimation unit estimates the greatest common divisor, calculated by the

greatest common divisor calculation unit, as the cycle length.

7. The traffic-light cycle length estimation device according to any one of
claims 1 to 6, wherein |

the time difference calculation unit comprises:

a raw data generation unit that calculates the differences among the times; and

a representativ«; value calculation processing unit that calculates a representative
value based on the differences that are generated by the raw data generatioﬁ unit and are

equal to or smaller than a predetermined value and

the representative value calculated by the representative value calculation
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processing unit is output as the difference.

8. The traffic-light cycle length estimation device according to any one of
claims 1 to 7, wherein
the time acquisition unit selectiveiy acquires the start time of a first vehicle when a
plurality of vehicles traveling in the same direction, which is in a stopped state, starts

moving at the intersection.
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FIG. 3
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START-INTERVAL CALCULATION PROCESSING L S12
(FOR EACH TRAVELING DIRECTION)

GENERATE HISTOGRAM OF START INTERVAL L S14
(FOR EACH TRAVELING DIRECTION)

COMBINE HISTOGRAMS OF ALL DIRECTIONS 516
C END )
FIG. 4

@ ART-INTERVAL CALCULATION PROCESSING)

CALCULATE TIME DIFFERENCE x(i) BETWEEN NEIGHBORING . L. _ g2
STARTTIMES i1=1,2, 3, -

GROUP TIME DIFFERENCES x(i) INTO GROUPS EACH OF WHICH

INCLUDES TIME DIFFERENCES THAT DIFFER WITH EACH OTHER |~ S22

BY VALUE EQUAL TO OR SMALLER THAN PREDETERMINED VALUE
(ELIMINATE OUTLINER)

CALCULATE REPRESENTATIVE VALUE OF GROUP L S24
(SIMPLE MOVING AVERAGE PROCESSING)

ASSIGN REPRESENTATIVE VALUE TO START INTERVAL Xj ~ S26

C RETURN )
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FIG. 6
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FIG. 11
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