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TRAFFIC CONGESTION DETECTION APPARATUS AND VEHICLE CONTROL
‘ . APPARATUS '

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001_]» The invent’ion.relates to a traffic congestior; c}etection apparatus, and a
vehicle control apparatus. ‘
2. Description of Related Art |

[0002] A vehicle control apparatus is available which is devsigned to deténnine
traffic congestion based on a traffic réport or a traveling pattern of a vehicle én'd to cauée
the vehicle to travel according to a result of the determination.  For example, Japanese -
Patent Appiiéation Publication No. 2005-324661‘ (JP-A-2005-324661) describes a vehicle
coﬁtrol apparatus w_hic}i is designed such that a length of traffic congestion is éalcul-ated

based on traffic congestion information or a traveling pattern of a vehicle and the vehicle

is operated automatically when the length of traffic congestion is not less than a

~ predetermined value.

[0003] However, the vehicle control apparatus described in JP-A-2005-324661

is not able to achieve a high accuracy in determination of traffic congestion due to

~ delayed traffic report or erroneous determination of the traveling pattern. Further, the

vehicle control apparatus described in JP-A-2005-324661, which determines whether or

not automatic operation of the vehicle is to be performed based on a length of traffic

congestion, is not able to adapt to various traveling states of the vehicle in-the traffic

congestion.

SUMMARY OF THE INVENTION
[0004] The invention provides a traffic congestion detection apparatus and a
vehicle control apparatus which make it possible to determine a traveling state of a

vehicle in traffic congestion with high accuracy, and to control traveling of the vehicle
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according to the traveling state of the vehicle in the ‘irafﬁc congestion.

[0005] A traffic congestion detection apparatus according to a first aspect of ‘ihe
invention includes: traveling information acquisition means for acquiring traveling
information relating to a traveling state of a vehicle; and traveling zone determination
means for determining which one of at least three zones including a central zone of a
congestion area t}ie V.ehicle is traveling in, based on current travéling information
acquired by the traveling information acquisition means.

[0006] ' In the first aspéct of the invention‘,‘it has been found that a congestion

~ area can be classified into at least three zones based on a traveling state of a vehicle.

Acc'oiding to the aslpect, it can be determined which one of the at least three zdnes the
vehicle is traveling in based on the current tra\;eling information, whereby ii can be
estimated what kind of traveling state the vehicle is in based on the zone determined to be
the zone where the vehicle is traveling. Further, it is also made possible to perform
control according to a traveling zone of the congestion area, for example, by performing
adgquate driving assist according to the traveling zone of the congestion area. Asa -
result, the fuel consumption of ihe vehicle can be reduced.

[0007] The traffic congestion detection apparatus according to the first aspect of -

- the invention may be configured such that the traveling information écquisition means
‘acquires traveling information from a plurality of vehicles, and the traveling zone

~ determination means determines which zone of the congestion area the vehicle is

traveling in, based on the traveling information of the plnrality of vehicles acquired by
the tfaveling information acquisition means and current traveling information of the
vehicle. This configuration makes it possible to determine the trai/eling zone nf the
vehicle based nn traveling infoimation ofa plufality of vehicles; resulting in more
accurate determination.

. [0008]  The traffic congestion detection apparatus according to the first aspeét of
the invention inay further include tiaveling information analysis means for analyzing a

plurality of items of traveling information acquired by the traveling information

acquisition means and classifying the plurality of items of traveling information into the

AN
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at least three zones. According to this configuration, a plurality of items of traveling

information are classified into three zones based on the plurality of items of traveling

‘information, whereby the accuracy of the classification can be improved, and it can be

determined more accurately which zone of the congestion area the vehicle is traveling in.

[0009]  The traffic cohgestion detection apparatus according to the first aspect of
the invention may be configured such that the 'traveling information analysis means
classifies a plurality of items of traveling information intd at least tflree Zones .by
performing multivariate analysis on vehicle speeds. According to this co‘nﬁguratioh, the
accuraéy of the classification can be imi)rovcd by the multivariate analysis of the vehicle
speeds, and the determination can t))e Iﬁade more accuraiely which zone of the congestion
area the vehicle is traveling in.

{0010} The traffic Congestion detection apparatus accordi‘ng to th.e first aspect of
the invention may be configured such that the traveling infofmation analyéis means
analyzes the plurality vof itéms of traveling information acquired by the traveling
infoxirnation acquisition means and sets the_ af least three zones according to a change in
the travéling state.

[0011]  The traffic congestion detection apparatus according to the first éspecf of

the invention may further include input means for performing setting for the traffic -

congestion detection apparatus, and the at least three zones are set by means of the input ‘
means. |

[0012] The traffic éongestion detecﬁdn apparatus aécording to the first aépect of
the invention may be ponﬁgured such that the traveling zone determination means
determines which one of a tail zone, the central zone, and a restoration zone of the
congestion area the vehicle is traveling in.  According to this configuration, the
cc;ngestion area 1s classified into a tail zone, the central zone, and é restoration 20ne‘,
whereby édequate control can be performed for each zone, for example, by performing
adequate driving assist according to a behavior (traveling state) of the vehicle in each
zone. Asa r;-“:sult, the fuel consumption of the vehicle can be reduced even mére.

[0013] A vehicle control apparatus according to a second aspect of the invention
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includes a traffic 'congestion detection apparatus according to the first aépéct and driving
assist means for performing driving assist for a vehicle according to a result of
detérmination by the travéling zone determination means. T his configuration makes it
possible tc; perform adequate driving assist according to each traveling zone of the
congestion area. Asa result, the fuel consumption of the vehicle can be reduced evén
more. |

[0014] A vehicle control apparatus aécording to a third aspect of the invention
may fufther include: avtrafﬁc chgestion detection apparatus according to the first aspect;
driving assist means for assisting driviﬁg of fhe Véhicle based on a result of the .
determination by the traveling zbne determination means; bther vehicle information

acquisition means for acquiring traveling information relating to a traveling state of

another vehicle; and other vehicle traveling zone determination means for determining

~whether or not the other vehicle is traveling in the congestion area based on the traveling

information of the other vehicle acquired by the other vehicle information acquisition

means and a result of the analysis by the traveling information analysis means. The

.driving assist means may perform driving assist for the vehicle based on a result of the

determination by the other vehicle traveling zone determination means.  This
configuration makes it possible to perform adequate driving assist according to whether

or not the other vehicle is traveling in the congestion area. ~ As a result, the fuel

“consumption of the vehicle can be reduced even more.

[0015] The vehicle control apparatus according to the third aspect of the
invention may be configured such that the tra{/eling infoﬂnétion analysis means analyzes
a plurality of items of traveling information acquired by the traveling information
acquisiﬁoh means/. and sets the at least three zones according to a change in the traveling
state. |

[0016] The vehicle control .apparatus according to the third aspect of the
invention may further include input meéns for performing setting for the traffic
congestion detection apparatus; and the at least thrée zones may be set by méans of the

input means.
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[0017] The vehicle control apparatus according to the third aspect of the
invention may be configured such that the driving assist meaﬁé sets a recommeﬁded
speed for each of the at least three zones and perfomis acceleration/decéleration control
in a predetermined rémge the center of which is set to thevrecommended spee(i.

| [0018] The vehicle control apparatus according to the third aspect of the
invention may be configured such that the traveling zone determination means
determines which one of a tail zone, the central zone, and a restoration zone of the
congeétion area the vehicle is traveling in. _
| [0019] The vehicle contrdl apparatus according to the third aspeét of the

invention may be configured such that when the vehicle is traveling in the tail zone, the

vdriving assist means sets a target inter-vehicle distance to be greater than a target

inter-vehicle distance during normal traveling of the vehicle that is traveling outside of

the congestion afea; and when the vehicle is traveling in the restoration zone, the driving

- assist means sets a target inter-vehicle distance to be smaller than a térget intet-vehicle

distance during normal traveling of the vehicle that is traveling outside of the congestion
area.
[0020] According to the third aspect of the invention, the traveling state of the

vehicle in a congestion area can be determined with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Features, advantages, and technical and industrial significance of -

exemplary embodiments of the invention will be described below with reference to the

. accompanying drawings, in which like numerals denote like elements, and wherein:

n

- FIG. 1 is a schematic conﬁgufation diagram of a traffic cdngestion detection
apparatus according to aﬁ embodiﬁlent of the invéntion;
FIG. 2 is a diagram illustrafing a relationship 1.tv)etween elapsed time and vehicle
speed in a congestion area;
FIG. 3 is a diagram 'ilhistrating traveling information provided by the traffic

congestion detection apparatus according to the embodiment of the invention dufing sag
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congestion;

. FIG. 4 is a graph ‘illustrating traveling zones and discriminant straight lines analyzed

by the traffic congestion detection apparatus according to the embodiment of the

invention;

FIG. 5 1s a diagram illustrating traveling information of the traffic congestion

detection apparatus according to the embodiment of the invention;

- FIG 6 is a flowchart for explaining traveling zone determination processing by the
‘Itrafﬁé congestion detection apparatus according‘to the embodiment of the invention;

FIG. 7 is a diagram illustrating an.example of driving assist by the traffic congestion
detection apparatus according to the embodiment of the invention; and

FIGS. 8A and 8B are diag;ams illustrating, by way of example, inter-vehicle

distances between the host vehicle and the vehicle in front according to the embodiment

of the in\{ention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0022]‘ An embodiment of the invention will be described in. detail with
reference to the accompanying drawings. In the drawings, the same components are
assi gneci with the same reference numeral's,‘and redundant description thereof will be
omitted. o
[0023] | FIG. 1 is a schematic configuration diagram illustrating a traffic

congestion detection apparatus 1 according to the embodiment. The traffic congestion

~ detection apparatus 1 is an apparatus which is mounted on a host vehicle and determines

a traveling zone where the host vehicle is traveling.  As shown in FIG. 1, the traffic
congestion detection apparatus 1 includes an electronic control unit (ECU) 2,a

navigation system 3, a vehicle speed sensor 4, an acceleration sensor 5, an input device 6,

a display device 7, a communication device 8, a traveling information storage 9, and an

on-vehicle ECU 10.

[0024]  The ECU 2 is mainly composed of a computer including a central

~processing unit (CPU), a read only memory (ROM), a random access memory (RAM), an
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- 1/O interface and so on. The ECU 2 is connected to the navigation system 3, the vehicle -

speed sensor 4, the acceleration sensor 5, the input device 6, the display device 7, the

communication device 8, the riving information storage unit 9, and the on-vehicle ECU
10 The ECU 2 includes a traveling information acqu1S1t10n unit 21, a travehng
information analysis unit 22, and a travehng zone determmatlon unit 23. The ECU 2
may further include a driving assist unit 24.  In this case, the trafﬁc congestion detection
apparatus 1 functions as a vehicle control apparatus for performmg control according to a
traveling zone where the host vehicle is traveling.

[0025] The navigation system 3 hasa global positioning system (GPS) receiver

(not shown) for acqulrlng a current travelmg position of the host vehicle, and a map

information database (not shown) for storing map 1nformat10n The navigation system 3
calculates a route to an input destination based on the map 1nformatioh’“ stored in the map
information database, and provides route guidance by means of the displayv device 7
and/or a speaker (not shown). The navigation system 3 transmits to the ECU 2 traveling
position information relating to a position where the host vehicle is currently traveling,
and map information of an area around the traveling position of the host vehicle. The
navigation system 3 stores, in the map infcrmation database, traffic congestion aréa
informaticn indicating an area where sag conge_stiori frequently occurs.

[0026]  The vehicle speed sensor 4 is provided, for example in a wheel portion
of the host vehicle. The vehicle speed sensor 4 detects a rotation speed of the wheels,
and calculates a Veh1cle speed based on the detected wheel rotation speed. The vehicle
speed sensor 4 transmits vehicle speed information based on the calculated vehicle speed
to the ECU 2. The acceleration sensor 5 is provided, for example, in a front part of the
host vehicle and detects longitudinal acceleration and lateral acceleration of the host

vehicle. The acceleration sensor 5 transmits acceleration information based on the

longitudinal and lateral accelerations to the ECU 2.

[0027] The input device 6 is a device which is used by a'driver to perform
various settings and various selections for traffic congestion detection apparatus 1. The

input device 6 used in the embodiment is a control panel. The input device 6 may |
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instead be a remote controller, or a touch panel using a display.
[0028]  The display device 7 is a device for visually providing a user with

information, and displays information such as route guidance information and various

setting information. ~Although the display device 7 used in the embodiment is a liquid

| crystal display, another display device may be used. The display device 7 may be used

in combination with an audio output unit such as a speaker.

[0029] © The cemmunication device 8 is a device for performiﬁg two-way
communicetion with a roadside device or a base station provided on a major road or the
like. '. The communication device 8 acquires traveling information including, for
example, traveling position information or vehicle speed information of another vehicle |
through tWo-Way communication with the roadside device or the base station. The
communication device 8 transmits the tra\}eling- infor;nation of the other vehicle acquired
from the roadside device or the base station to the ECU 2.

[0030] The traveling information -étorage 9 is storage means for storing traveling
information which includes vehicle _speed information received from the vehicle speed
sensor 4 in an area zone indicated by the traffic congestion area information and 'time |
information indicating a time of day at which the vehicle speed information is received.
The traveling infermation is stored toget'her with the traffic congestion area information.
The traveling information storage 9 is formed by a random access storage medium such °
as a hard disc, a flush memory, and a RAM The traveling infofmatien storage 9 rhay be
formed by a random access storage medium such as a RAM incorporated in the ECU 2.

[0031] The on-vehicle ECU 10 is an ECU which mounted on the host vehicle in

addition to the ECU 2. The on-vehicle ECU 10 includes, for example, an engine ECU

1 17, a brake ECU 12, an inter-vehicle control ECU 13, and a hybrid ECU 14. The engine

ECU 11 1s an ECU for controlling an engine. The engine ECU 11 controls the engine

“based on control information including acceleration/deceleration information transmitted

from the ECU 2. The brake ECU 12 is an ECU for controlling a brake. The brake
ECU 12 controls the brake based on control information including

acceleration/decelerat_ion information transmitted from the ECU 2.
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[0032]  The inter-vehicle control ECU 13 is an ECU for performing coﬁtrol
acc.ordi'ng to a distance from another object such as fhe vehicle in front: The
inter-vehicle control ECU 13 controls an inter-vehicle di.stancc; from thé vehicle in front
bésed on inter-vehicle control information transmitted from the ECU 2. The hybrid
ECU 14 is .ah. ECU for controlling a hybrid system. The hybrid ECU 14 controls the
hybrid system based on control informétion transmitted from the ECU 2. | Each of the

engine ECU 11, the brake ECU 12, the inter-vehicle control ECU 13, and the hybrid ECU

" 14 is mainly formed by a computer including a CPU, a ROM, a RAM, an input/output

(I/0) ihterface and the like.

[0033] FIG. 2 is'a diagram illustrating a relation between vehicle speed and
period of tirrié réquired for a vehicle entering a congestion area to get out of the
congestion area. A zone A0 is a free traveling zone where the vehicle is able to travel
freely. A zoneAl is a zone where the vehicle exhibits a tendency to deceler.ate, and
corresponds to a tail zone whefe the vehicle has just entered fhe congestion area. A

zone A2 is a zone where the vehicle exhibits stable speed variation, and corresponds to a

“central zone of the congestion area. A zone A3 is a zone where the vehicle exhibit"s a

tendency to accelerate, and corresponds to a restoration zone where the vehicle is about
to get out of the congestion area. Ih this manner, the traffic congestion detgction
appafatus 1 accofding to the embodiment classifies the congestion area into a plurality of
Z(;nes according to a behaviolr (traveling state) of the vehiéle such as a change in vehicle
rspeed.

[0034] Returning to FIG. 1', fimctions of the ECU 2 accbrding to the

embodiment will be_ described.

{

[0035]  The traveling information acquisition unit 21 functions as traveling
information acquisition means for acquiring traveling information on a traveling state of
the vehicle. The traveling information acquisition unit 21 acquires traffic cohgcstion

area information from the navigation system 3. When the host vehicle travels in the

‘area indicated by the acquired traffic congestion area information, the traveling -

~ information acquisition unit 21 stores, in the traveling information storage 9, traveling
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information including vehicle speed information received from the vehicle speed sensor 4

in this area and time information indicating a time of day at which the vehicle speed
information is received, together with the traffic congestion area information. -

[0036]  The traveling information analysis unit 22 functions as traveling
informatjon analysis means for analyzing a pluralify of items of trévelihg information
acquired from the traveling information acquisition unit 21. Once the input device 6is
operated by the driver and information specifying én area where sag congestion often
occurs (traffic congestion area) is received, the traveling information analysis unit 22
retrieves from the traveling informatiqn storage 9 éplurality of items of traveling
inforrhation correspondihg to this traffic congestion area. FIG. 3 is a diagram
illustrating traveling infofmation' when>sag congestion has occurred N times. As shown
in FIG. 3, the traveling information anélysis unit 22 displays the traveling information of N
the N sag congestionsvon the display device 7 as a graph representing a»relat‘ion between
élapsed time and Véhiéle speed during each ség congestion.

[0037] When the driver sets, on the graph displayed on the display device 7, a
tail zone, a central zone, and a restoration z:one of the congestion area by means of the

input device 6, the traveling information analysis unit 22 extracts, evefy to seconds,

trav'eling inforrn_ation'of duration of T seconds from the traveling information for each

zone, as period traveling information.  The traveling information analysis unit 22
calculates, for each of the traveling information , basic statistics of vehicle speed data,
such as average, standard deviation, kurtosis, skewness, average speed difference,

standard error, dispersion, mode value, median value, maximum value, minimum value,

~and range. The traveling information analysis unit 22 then performs multivariate

analysis on the period traveling informaﬁon based on the basic statistics, particularly
based on the average, standard deviation, kurtosisl, 'skevyness, and average speed |
difference of the vehicle speed.

[0038] Specifically, in order to integrate a plurality of statistics fo_r use into two
variables of variable Z1 and variable Z2 by means of multivariate analysis, the traveling

information analysis unit 22 calculates, for each of the statistics, a coefficient for
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calculating the variable Z1 and the variable Z2 from each of the statistics. The variable
Z1 and the variable Z2 can be obtained, fof examplé, by discriminant functions

represented by the following equations (1) and (2). In the equation (1), aj;, a2, a13, a4,

. and a;s denote coefficients for calculating the variable Z1. In the equation (2), a1, ajz,

a3, a4, and aps denote coefficients for calculating the variable Z2. C1 and C2 in the
equations (1) and (2) denote coﬁstants’ for calculating the variable Z1 and the variable Z2,
respectively. - - |
| 71 = a); x (average) + a3 x (standard deviation) + a;3 x (kurtosis) + al; X
(skewness) + a5 x (average speed difference) + C;  "...(1)
72 = ay) x (average) + ay x (standard deviation) + a3 X (kurtbsis) +ag X
(skewness) + ays x (avérage speed diﬁerence) +C, ..(2) , |
- [0039] The traveling information analysis unit 22 converts the period traveling

information contained in the tail zone, the central zone, and the restoration zone into a

coordinate space of the variables Z1 and Z2 based on this discriminant functions. The

traveling information analysis unit 22 then calculates a discriminant straight line B1, a

discriminant straight line B2, and a discriminant straight line B3 in the coordinate space
of the variables Z1 and Z2. The discriminant straight line B1 is a boundary line
between the tail zone and the central zone. The discriminant straight line B2 is a

boundary line between the central zone and the restoration zone. The discriminant

~ straight line B3 is a boundary line between the restoration zone and the tail zone.

[0040] FIG. 4 is a diagram ill.ustrating the discriminant straight lines defining the
boundaries between the traveling zones. Region C1 is a region indicating the tail zone
aﬁd defined by the discriminant straight line B3 and the discriminant straight line B1.
Region C2 is a region indicating the central zone and defined by the discriminant straight
line B1 and the discriminant straight line B2. Region C3 is a region indicating the
restoration zone and defined by the.discrimiﬁant straight line B2 and the discriminant
straight line B3.

[0041]  For example, coordinates obtained by converting the first and second

period traveling information by the equations (1) and (2) as the discriminant functions
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belong to the region C1. Coordinates obtained by converting the i-th and (i + 1)-th

'rperio_d traveling information by the equations (1) and (2) as the discriminant functions

‘belong to the region C2. Coordinates obtained by converting the j-th and (j + 1)-th

period traveling information by the equations (1) and (2) as the discriminant functions
belong to the region C3. In this manner, the traveling information analysis unit 22 sets
the coefficients and constants in the equations (1) and (2) as the discriminant functions

such that the period traveling information is classified in the coordinate space of the

-variables Z1 and Z2, according to the traveling zones set in the period traveling

information.
| [0042]  The traveling zone détermination unit 23 functions as traveling zone
determination means for determining which of at least three zones in the congestion area

the vehicle is traveling in, based on the current traveling information acquired by the

' V’traveling information acquisition unit 21 and an analysis result by the traveling

information analysis unit 22. The traveling zone determination unit 23 determines that
the host vehicle has entered the congestion area when the vehicle speed indicated by the
vehicle speed information obtained by the traveling information acquisition unit 21

becomes a traffic congestion start threshold V1 or less, and determines that the vehicle is

traveling in the tail zone of the congestion area.

[0043] Once the traveling zone determination unit 23 determines that the host
vehicle is trayeling in the congéstidn area, the traveling zone detenﬁination unit 23
extracts, evelry to seconds, vehicle speed information of the h(;st vehicle acquired by thé
traveling information acquisition unit 21 as period traveling information of duration of T
seconds, as shown in FIG. 5. The traveling zone determination unit 23 then calculates
an average vehicle speed, standard deviation, kurtosis, skewness, and average speed

difference for each period travelingv informatiori,'and calculates values of the variables Z1

and Z2 based on the calculated statistics and the discriminant functions calculatec_i by the

traveling information analysis unit 22. The traveling zone determination unit 23

* determines which of the regions shown in FIG. 4 the coordinates indicated by the

calculated values of the variables Z1and Z2 belong to, and determines which one of the
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tail Zone, the central zone, and the restoraﬁon zone in the cc;ngestion area the host vehicle -
is tra\;eling in. | B
[0044]  The driving assist unit 24 functions-as driving assist means for assisting
for assisting driving bf the vehicle. - The driving assist unit 24 assists the drive of the

host vehicle according to the traveling zone determined by the traveling zone

determination unit 23. A specific example of the driving assist will be described later.

- The traffic congestion detection apparatus 1 functions as a vehicle control apparatus

~ when the ECU 2 has the driving assist unit 24.

[0045]  Referring to the ﬂowchaft of FIG. 6, description will be made of -
procedures of the traveling zone determination processing by the traffic congestion
detection apparatus 1 according to the embodiment.

[0046] Thevt‘raveling zone determination unit 23 détermines at predetermined
intervals whether or not the vehicle speed indicatéd by the vehicle speed iﬁformation‘
obtained by the travelir;g information acquisition unit 21 has become the congestion start
threshold V1 or less (S1). The traffic congestién start fhreshold V1-as used herein
means a speed at which the Vehicle can bé determined to have entered the congestion area,
and may be 40 km/h, for example When the vehicle speed of the host vehicle is greater
than the congestion stal“t threshold V.1 (No in S1), this determmatlon plocessmg is

repeated at predetermined intervals. In contrast, when the vehicle speed of the host

‘vehicle is equal to or less than the congestlon start threshold V1 (Yes in S1), the travelmg ,

zone determination unit 23 determines that the host Vehlcle has entered the congestlon
area, and that the host vehicle is traveling in the tail zone of the congestion area (S2).
[0047]  The traveling zone determination unit 23 then extracts, évery to seconds,
the vehicle speed information of the Host vehicle acquired by the traveling information
acquisition unit 21 as period traveling information of duration of T seconds.  The
traveling zone determination uﬁit 23 then calculates an average of vehicle speeds,
standard deviation, kurtosis, skewness, and average speed difference for each‘periiod
traveling information, and cal<;ulates values of the variables'Zl and Z2 based on the

calculated statistics and the discriminant functions calculated by the traveling information
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analysis unit 22. The traveliﬁg zone determination unit 23 then determines whether or
not the period tréveling information belongs to the \region C2 indicating the central zone
based on the discriminant straight line B1 between the tail zone and the central éone and
the discriminant straight line B2 between the central' zone and the restoration zone
calculated by the traveling information analysis unit 22 (S3). When it is determined that
the period traveling information belongs to the region C2 indicating the central zone (Yes
in S3), the traveling zone determination unit 23 determines that the host vehicle is
traveling in the central zone of the cbngestion area (S4). |

| [0048] In contrast, when it is not determined that the period traveling
information belongs to the region C2 indicating the central zone (No in S3), the traveling
zone determination unit_ 23 determines whether or not the periqd traveling information

belongs to the region C3 indicating the restoration zone based on the discriminant straight

" line B2 between the central zone and ‘the restoration zone and the discriminant straight

line B3 between the restoration zone and the tail zone calculated by the traveling

information analysis unit 22 (S5). When it is determined that the period traveling

information belongs to the region C3 indicating the restoration zone (Yes in S5), the

traveling zone determination unit 23 determines that the host vehicle is traveling in the
restoration zone of the congestion area (S6). In contrast, it is not deteﬁnined that the
period traveling information belongs to the region C3 indicating the restoration zone (No
in S5), the traveling zone determination unit 23 determines that the host vehicle is +
traveling in the tail zone (S7). |

[0049]  The traveling zone determihation unit 23 then,deter'mines whether or not
the vehicle speed indicated by the vehicle speed information-acquired by the traveling
information acquisition urﬁt 21 is equal to or less than a preset congestion end threshold
V2 (S88). The congestion end threshold V2 as used herein means a speed at which the
Vehicle can be determined to have got out Qf the corgestion éréa, and if may be 80 km/h,
for example. When the vehicle speed of the host vehicle is equal to or less than the
congestion end threshold V2 (Yes in S8), the processing returns to S3 to perform the

traveling zone determination processing again. In contrast, when the vehicle speed of
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the host vehicle is greater than the congestion end threshold V2 (No in S8), the traveling

zone determinati‘qn unit 23 determines that the host vehicle has got out of the congestion |
area and is traveling freely (S9), and terminates the traveling zone\d’etermination'
processing.

[0050] The traveling zone determination unit 23 may be designed to determine
which one of the region C1 indicating the tail zone, the region C2 indicating the central
zone, and the region C3 indicating the restoration zone the period traveling information
belongs to, instead of performing determination of whether or not fhe period traveling
information belongs to the region C2 indicating the central zone (S3) and determination
of whether or not the period traveling information belongs to the region C3 indicating the'
restoration zone (SS). _ | | |

[0051]  Specific examples of the driving assist by the traffic congestion detection
apparatus 1 according to the embodiment will-be described.

[0052] FIG. 7isa diagram illustrating an example of driving assist by the traffic |
congéstion detection apparatus 1. The driving assist unit 24 séts a recommended speed
according to the zone which is determined By the traveling zoﬁe determination unit 23 to
be the zone where the host vehicle is traveling. In the tail zone df the congestion area,
the vehicle speéd tends to fluctuate in low frequency and exhibit a large fluctuation range.
Therefore, when the host vehicle is determined to be traveling in the tail zone, the driving
assist unit 24 calculates/an average speed in the tail zone based on previous traveling
inférmatién stored in the traveling information stOfagé 9, and sets the calculated average |
spéed as the recommended speed in the tai~1bzone.

[0053] In the central zone of the congestion area, the vehicle Spéed tends to
exhibit stable fluctuation. Therefore, when the host vehicle is determined to be
tr‘aveling in the central zone, the driving assist unit 24 calculates an average speed over a
long period (e.g.. 200 seconds) based on the vehicle speed indicated by the vehicle speed
information acquired by the traveling information acquisition unit 21. The driving assist
unit 24 sets the calculated average speed as the rec_ommended speed in thé central zone.

In the restoration zone of the congestion area, the vehicle speed tends to exhibit variation
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of basically upward trend. - Therefore, when the host vehicle is determined to be
traveling in the restorétion zone, the driving assist uﬁit 24 calculates an average speed
ové} a short period (e.g. 50 seconds) based on the vehicle speed indicated by the vehicle
speéd information acquired by the traveling information acquisition unit 21.

10054] The driving assist unit 24 sets the calcﬁlated average speed as the
recommended speed in thé restoration zone. A curve Vr in FIG. 7 indicates the
recommended speeds set in this manner. The driving assist unit 24 transmits
acceleration/deceleration information to the engine ECU 11 and the brake ECU 12 so that
acceleration/deceleration control is performéd at speeds around the set recommended
speed, for example. ‘The driving assist unit 24 may be designed to display the set
recommended speed on thé display device 7 and to display an alarm when the vehicle
speed of the host vehicle exceeds the recommended speed. The setting of the
fecommended speed according to the zone where the host vehicle is traveling makes it
possiblg: to guide the host vehicle to aﬂloid useless acceleration. This reduces the fuel
consumption of the host vehicle and ensures "efﬁcievnt traveling thereof.

[0055] The driving assist unit 24 may instrucf the inter-vehicle control ECU 13
to control the inter-vehicle distance with the Vehiéle in front as spring-mass system .
motion. Describing more specifically, the driving assist unit 24 chan‘ges the spring‘
constant k and damping coefficient C according to the standard deviation of the vehicle
speed calculated by the traveling information analysis unit 22. The driving assist unit
24 transmits inter-vehicle control information containing the spring constant k and the
damping coefficient C to the inter-vehicle control ECU 13.  This mékes it possible to-
perform inter-vehicle distance control with a state of traffic congestioﬁ taken into
consideration.

[0056] The driving assist unit 24 may instruct the inter-vehicle control ECU 13
to control the. inter-vehicle distance according to the zone which is determined by the
traveling zone determination unit 23 to be the zone where the host vehicle is traveling.
FIG. 8A is a diagram illustrating an example of inter-vehicle distance between a host

vehicle M, and a vehicle in front My, in th_e tail zone. As shown'in FIG. 8A, an
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inter-vehicle distance dy is a target inter-vehicle distance to the vehicle in froﬁt M;, when
the host vehicle M, is traveling in normal mode (traveling outside the congesﬁon area).
The inter-vehicle distance d, is a target inter-vghicle distance to the vehicle in front My,
when the host vehicle M, is traveling in the tail zone of the congestion area. The host
vehicle M,, which is determined to be traveling in the tail zone of the congestion area, -
will decelerate. Therefore, a greater inter-vehicle distance d; is allowéd in the tail zone
than the inter-vehicle distance dy during normal traveling. The driving assist‘uﬁit 24
transmits inter-vehicle control information including this inter-vehicle distance d; to the
inter-vehicle control ECU 13. |

[0057] FIG. 8B is a diagram illustrating an example of inter—vehicie distance

between the host vehicle M, and the vehicle in front M, in the restoration zone. As

- shown in FIG. 8B, an inter-vehicle distance dy is a target inter-vehicle distance to the

vehicle in front M, when the host vehicle M, is traveling in normal mode, whereas an
inter-vehicle vdistance dy, is a target inter-vehicle distahce to the vehicle in fforit M;, when
the host vehicle M, is traveling in the restoration zone of the cbngestion area. The host
vehicle M, which is determined to be traveling in the restoration zone of the congestion

area, will restore the speed (accelerate). Therefore, a smaller inter-vehicle distance dy is

' ~ allowed in the restoration zone than the inter-vehicle distance dy during normal.traveling.

The driving assist unit 24 transmits inter-vehicle control inforr'nation‘including this
inter-vehicle distance> d; to‘ the inter-vehicle control ECU 13. ﬁ
[0058] ‘When the host vehicle M, is traveling in the central zone, the driving
assist unit 24 calculates an average speed bésed on the vehicle speed indicated by the
vehicle speed information acquired by the traveling information acquisition unit 21.
The driving aés_ist unit 24 may transmit acceleration/deceleration information to the
engine ECU 11 and brake ECU 12, so that acceleration/deceleration is performed while a
speed obtained by adding a pfedetefmined'additibnal value to the calculated average
spéed is set as an upper linllit speed. ) |

[0059]  The traffic congestion detection apparatus according to the embodiment,

as described above, analyzes a plurality items of traveling information and determines
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which one of the tail zone, the central zone and the restoration zone of the congestion

“area the vehicle is traveling in, based on the current traveling information and a result of

the analysis, so that the apparatus is able to identify the zone of the congestion area where
the vehicle is currently traveling. This makes it possiblé to perform control according to
each traveling zone of the congestion area, folr example, to perform driving assist suitable
for the relévant .tralveling zone of the congestion area.  As a result, reduction of fuel
consumption of the vehicle can be achieved.

[0060] The trafﬁc congestion detection apparatus and the vehicle' control
apparatus according to the invention are not limitéd to the embodiment described above.

[0061]  For example, although in the embodiment the traveling information
acquisition unit 21 receives vehicle speed information from-‘the véhicle speed sensor 4 in
the embodiment, the traveling inforrnation acquisition unit 21 may acquire traveling

information such as vehicle speed information relating to the relevant region indicated by

‘traffic congestion area information from another vehicle or an information center (server)

or the like via the communication device 8. - This configuration enables analysis based
on even more items of traveling informatioh and makes it possible to improve the
accuracy of analysis. As a result, the accuracy of determining a traveling zone can be

improved. When traveling information is acquired from another vehicle or an

+ information center (server), the traveling zone determination unit 23 may be designed to

detérmine which one of at least three zones of the congestion area the vehicle is traveling
in. .

-[0062]  Although, in the embodiment, the éongestioh area is classified into three
traveling zones of a tail zone, a central zone, and a restoration zone, the invention is not
limited to this, and the congestion area may be classified into a greater nﬁmber traveling
zones based on traveling states of the vehicle. - While the traveling information analysis -
unit 22 classifies the congestion area into a plurality of traveling zones based on vehicle
speed information, it may classify the congestion area into a pfurality of traveling zones
based on traveling information such as acceleration information.  Further, the traveling

information analysis unit 22 may classify the congestion area into a plurality of traveling

v
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' zones based on a plurality of items of traveling information.- While the traveling

information analysis unit 22 classifies the congestion area into a plurality of traveling

zones with the use of multivariate analysis, another analeis method may be used to
classify the _congés’tion area into é plurality of traveling zones. |
[0063] | While in the embodiment above, the driver sets the tail zone, the central
zone, and the restoration zone of the congestion area for traveling information of N sag
congesﬁons, the traveling information analysis unit 22 may set the tail zone, the central -
zone, and the reétoration zone according to variation in traveling state.
' [0064/] | Preferably, the traveling information analysis unit 22 obtains a

discriminant function for each region indicated by traffic congestion area information,

- and obtains a discriminant straight line for each region indicated by the traffic congestion -

area information. ~ The traveling information analysis unit 22 may obtain a discriminant
function for each time zone, and may obtain a discriminant straight line for each time

zoné, This makes it possible to improve the accuracy of determining the traveling zone

€veEn more.

[0065] The traveling zone determination unit 23 may be designed to determine
which of at least three zones of the congestion area the vehicle is traveling in, based on a
result of analysis by another vehicle (e.g. a discriminant function and a discriminant

straight line), or a result of analysis by an information center (not shown) (e.g. a

discriminant function and a disérim‘inant straight line ), instead of a result of the analysis

by the traveling information analysis unit 22.  The discriminant function ahd the
discriminant straight line may be preliminarily set. In this case, the traffic éongestion
detection apparatus 1 need not have the traveling information analysis unit 22

[0066] ‘The trafﬁc congéstiqn detection apparatus 1 may further include other
vehicle information acquisition unit (othe.r Véhicle informaﬁon acquisition means) for
acquiring traveliné information on a traveling state of another vehicle, and other vehicle
traveling zone determination unit (other vehicle traveling zone determination means) for
determining whether or not the dthér vehicle is traveling in the congestion area.  The

other vehicle information acquisition unit calculates traveling information such as-
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position, speed, and acceleration of another vehicle based on image information received
from an on-vehicle camera (not shown), or distance infor_mation ihdicating a distance to
anether vehicle received from a radar (not shown). Altematively, the other vehicle |
information acquisition :nit may acquire other §’ehicle traveling information via the \
communication device 8.

[0067] Like the tra;/eling zone determination unit 23, the other vehicle traveling
zone determination unit uses the ﬂowchaﬁ of FIG. 6 to determine whether or not the
vehicle speed of another vehicle has become 'eqilal to or less than the.congestion start
threshold V1, and therebsl determines whether or not the other vehicle is traveling in the
congestion area.  The other vehicle traveling zohe determination unit also determines
whether or not the vehicle speed of the other Vehicie has become equal to or less than the
congestion end threshold V2 to thereby determine whether or not the other vehicle has
got out of the congestion area. o .

¢

[0068]  The driving assist unit 24 may perforrri driving assist based on a result of -

“the determination by the other-vehicle traveling zone determination unit. Describing

mbre specifically, when the other Veilicle traveling zone determinatien unit determines
that anot_her vehicle is trrav_eling in the congestion area, a threshold of inter-vehicle
distance between the host v'ehicle and the other vehicle, thet isv‘used for determining
whether or not deceleration assist is to be performed, is set to a smaller value than wheﬁ
the other vehicle ie traveling in normal mode. Thus, the driving assist can be performed
even more edequately by chaﬁging the driving assist for the host vehicle according to
whether or not the other vehicle is driving in the congestion area.

[0069] Although in the embodiment above, the traffic congestion detection
apparatus 1 is mounted on the host vehicle, the invention is not limited to this. - For
example, the traffic congestion detection apparatus 1 may be provided in an information
center (not shown). In this case, the information center may be designed to acquire
traveling information from vehicles and to calculate a discriminant function end a
discriminant straight-line by analyzing the plurality of items of traveling infofmation thus

acquired. The information center then may determine which one of the tail zone, the
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central zone, and the restoration zone of the congestion area the vehicles arE: traveling in,
based on the dlscrlmmant functions and the d1scr1m1nant straight lines. The information
center thus is capable of calculating the discriminant functlon and the discriminant
‘straight line by analyzing traveling information ofa plurality of vehicles. - This makes it
possible to perform the analysis with eveﬁ higher accuracy. In addition, the a travefing
zone of the congestion area where each vehicle is travehng in can be determined, even if

the vehlcle has no traffic congestion detection apparatus 1.
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CLAIMS:

1. Atraffic congestion detection apparatils, comprising:

traveling information acquisition means for acquiring traveling information relating
to a traveling state of a vehicle; an(i |

traveling zone determination means for determining which one of at least three
zones including a central zone of a congestion arezi the vehicle is traveling in, based on

current traveling information acquired by the traveling information acquisition means.

2. The rraﬂic congestion detection apparatus according to claim 1, wherein:

the traveling information acquisition means acquires the traveling information »
relating to a plurality of vehicles; and

the traveling zone determination means det‘errninesv which zone of the congestion
area each of the plurality of vehicles is traveling in, based on the traveling information
relating to the plurality of vehicles acquired by the traveling information acquisition
means. | / |

3. The trafﬁc congestion detection apparatus according to claim 1 or 2, furthcr
comprising traveling information analysis meansvfor analyzing a plurality of items of
‘traveling information acquired by the trayeling information acquisition means and

classifying the plurality of items of traveling information into at least three zones.

4. The traffic congestion detection apparatus according to claim 3, wherein the
traveling information analysis means classifies the plurality of items of traveling
information into the at least three zones by performing multivariate'an_alysis on vehicle

speeds.

5. The traffic congestion detection apparatus according to claim 3 or 4, wherein

the traveling information analysis means analyzes a plurality of items of traveling
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information acquired by the traveling information acquisition means, and sets the at least

three zones according to a change in the traveling state.

6. The traffic congestion detection apparatus according to any one of claims 1 to 4,
further comprising input means for performing setting for the traffic congestion detection
apparatus,

wherein the at least three zones are set by means of the input means.

7. The traffic congestion detection apparatus according to any one of claims 1 to 6,
wherein the traveling zone determination means determines which one-of a tail zone, the

central zone, and a restoration zone of the congestion area the vehicle is traveling in.

8. A vehicle control apparatus, comprising;
the traffic congestion detection apparatus according to any one of claims 1 to 7; and
driving assist means for assisting driving of the vehicle based on a result of the

determination by the traveling zone determination means.

9. A vehicle control apparatus, cqmprising:_ '

the traffic congestion detection apparatus according to claim 3 or 4,

driving assist means for assisting driving of theyvehicle based on a result of the
determination by the traveling zone determination means;

-other vehicle information acquisition means for acquiring traveling informatioﬁ
relating to a traveling state df another Vehiéle; and -

other vehicle traveling zone determination means for detérmining whether or not the
othef vehicle is traveling in the congestion area based on the traveling information of the -
~ other vehicle acquired by the other vehicle information acquisition means, and a result of
the analysis by the traveling infdrmation analysis means,

wherein the driving assist means assists driving of the vehicle based.on a result of

the determination by the other vehicle traveling zone determination means.
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10.  The vehicle control apparatus according to claim 9, wherein the traveling
information analysis means analyzes a pfurality of items of traveling information
acquired by the traveling information acquisition me>ans, and sets the at least three zones

according to a change in the traveling state.

11.  The vehicle control apparatus according to claim 9 or 10, further comprising
- input means for performing setting for the traffic congestion detection apparatus,

wherein the at least three zones are set by means of the input means.

12.  The vehicle control apparatus according to any one of claims.9 to 11, wherein
the driving assist means sets a recommended speed for each of the at least three zones,
and performs acceleration/deceleration control in a predetermined range the center of
- which is set to the recommended 'speed.

13. The vehicle control appéra‘tus acc_ording to any one of claims 9 to '12, wherein
the traveling zone determination means determines which one of a tail zone, the cenfral

zone, and a restoration zone of the congestion area the vehicle is traveling in.

14. The vehicle control apparatus according to claim 13 wherein:

when the vehicle is traveling in the tail ZOﬁe, the driving assist means sets a target
inter-vehicle distance to be greater than art_argeAt inter-vehicle distance during normal
traveling 'of, the vehicle that is traveling outside of the congestion area; and

when the vehicle is tra{/elln—gﬁl_n théufé‘éféfétion zone, the driving assist means setsa.
target inter-vehiclé distance to be smaller than a target inter-vehicle distanéc during

normal traveling of the vehicle that is traveling outside of the congestion area.

~



PCT/IB2012/000181

WO 2012/104720

1/8

/45

€l

¢l

L
0] By

~——  NO3 dId9AH

NOd TOH4INOD
| FTOIHIA-HILNI

- NO3 IMvHd

1INN LSISSV ONIAIKMA

=
ve

1INN NOILVNINY313d
dANOZ ONI'TIAVHL

—{ NO3 INIONH

NO3 J1DIHIA-NO

— N

dOVd01S
NOILVINHOANI

ONIN3AVYL

D

6

\
£¢
L1INN SISATVNY
'NOILVINHO4NI
ONIMIAVHL
\
2¢
1INN NOILISINOOV
NOILLVINHO4NI -
ONIMIAVYHL
\
e
Nnod
\
¢

I0IA3A g
NOILVOINNWIWOD
A01A3A AV1dSIA L

I0IA3A LNdNI 9
~ HOSN3S g
NOLLYYI13D0V

YOSN3S L
d33dsS F10IH3IA

W3LSAS ¢

NOILVDIAVN




PCT/IB2012/000181

WO 2012/104720

2/8

ONIMTIAVHL
3344

NOILvHO1S3d

d31N30

VL

ONIN3AVHL
3344

0001

e —— ] — S

09
08
- 001

m 021

J1VI1S
ONIM3IAVYHL

(Y/W¥) d33dS



PCT/IB2012/000181

WO 2012/104720

3/8

(GNODIS)INLL
0002 R TR _ 000}
T e L T I
| | HL-0+D) m: W_f |
_ AT | HL-! i SANOO3S 1
BV T T e R eI B« 2
...... T N N _
N S - )\ y )
NOILVHOL1S3Y NETINEDS)

(SNOILS3FONOD N) V1vd Dm_m_n_wvzo_._.mm_ozoo VS |

£ DIl

0¢

ob

y 09

08

1001

0d!

(/W) d33ds



WO 2012/104720 PCT/IB2012/000181
4/8
- C1
2 — S
- TAIL | B3 P
: (-
B1 4 15T P
. { A2ND 7
i -
\\\\\\\\ ) ‘,/‘_/
Ing
0.0 CiTH w | o j+1)—TH
\ :
’ [ [ _TH e
(+1)-THm | : C3
C2—— \
) \ B2
CENTER | RESTORATION
_ x




PCT/IB2012/000181

WO 2012/104720

5/8

(ANODAS)INILL

_ _ R T
{
|
|

[ |

|
{
(
|
|
1
_
|
|

\

i
_
|
l

i SANOD3IS L+

R .. aee
L s |
_ HL-(1+D1 “ L
..I._.IA—+_.V " m < “ - .
L THI-T i 1 HL-' | SANOQ3IS L— =—
I R S danNe
A N ) S

0¢

oy

09

08

-1 001

0cl

(U/wWy) @33dS



WO 2012/104720 PCT/IB2012/000181

6/8

FIG.6

SPEED V IS
1km/h OR LESS ?

S1

TAIL OF [
CONGESTION S2

CONGESTION
CENTER ZONE ?

CONGESTION
RESTORATION
ZONE ?

S4
/ : .
CENTER OF RESTORATION OF TAIL OF
CONGESTION CONGESTION CONGENSTION

S7
P

S8

SPEED V IS
2km/h OR LESS ?

YES

FREE TRAVELING [~S9

END



PCT/IB2012/000181

7/8 -

WO 2012/104720

(ANOOJS)3aNIL

IA
000¢ 00G1 \ 0001
| _ v
> %:E/ A arl-.w.»-,:
v 4: ‘ _

y Y
_ ﬁ NOILYHO.1S3Y (LSISSY 40 ¥3ILNID) NOILSIDONOD 5\ C<
a33dS NI HOIAVH3d 40 431N3O NI HOIAVH3Ig 001
,

NOILSIONOD 40
VL NI HOIAVHEd

[ Ol4

(U/us) d33dS



PCT/IB2012/000181

WO 2012/104720

8/8

FIG.8A

FIG.8B




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/000181

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO8Gl/16 G08G1/01
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

GO8G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AISIN AW CO [JP])

28 April 2010 (2010-04-28)
A abstract

paragraph [0002]

paragraph [0055]

30 January 2002 (2002-01-30)

claims 1,2,5

paragraph [0012] - paragraph [0014]
paragraph [0043] - paragraph [0044]

A paragraph [0003] - paragraph [0004]
paragraph [0019] - paragraph [0021];

Y EP 2 180 456 Al (TOYOTA MOTOR CO LTD [JP]; 1-8

9-14

Y EP 1 176 569 A2 (DAIMLER CHRYSLER AG [DE]) 1-8

9-14

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

24 May 2012

Date of mailing of the international search report

31/05/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Wagner, Ulrich

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2012/000181
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2004/260455 A1 (DORT DAVID BOGART [US]) 9-14
23 December 2004 (2004-12-23)
abstract

paragraph [0006]
paragraph [0034]

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/IB2012/000181
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2180456 Al 28-04-2016 CN 101681553 A 24-03-2010
EP 2180456 Al 28-04-2010
JP 2009048560 A 05-03-2009
US 2010138141 Al 03-06-2010
WO 2009025359 Al 26-02-2009
EP 1176569 A2 30-01-2002 DE 10036789 Al 07-02-2002
EP 1176569 A2 30-01-2002
ES 2253306 T3 01-06-2006
JP 3578734 B2 20-10-2004
JP 2002117481 A 19-04-2002
US 2002045985 Al 18-04-2002
US 2004260455 Al 23-12-2004 US 2004260455 Al 23-12-2004
US 2005137783 Al 23-06-2005

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

