US 20150203121A1

a9y United States

12) Patent Application Publication

(10) Pub. No.: US 2015/0203121 A1l

BLOOD-PRESSURE o oo ;o i e i e mim

HEART RATE .

1 -

-y W

Mori et al. (43) Pub. Date: Jul. 23, 2015
(54) DRIVER’S STATE ESTIMATION APPARATUS A61B 5/021 (2006.01)
AND DRIVER'’S STATE ESTIMATION AG6IB 5/18 (2006.01)
METHOD GOGF 19/00 (2006.01)
1 Aol N M Cou Lid. K. P GOIP 15/00 (2006.01)
t: Ni t . Litd.
(71)  Applicant: Nissan Motor Co., , Kanagawa (JP) (52) US.CL
(72) Inventors: Souichirou Mori, Kanagawa (IP); Youji CPC ... B60W 40/08 (2013.01); GO6F 19/3431
Shimizu, Kanagawa (JP); Hiroaki (2013.01); GO1P 15/00 (2013.01); A61B 5/021
Miura, Kanagawa (JP); Yasuhiro (2013.01); A61B 5/18 (2013.01); A61B 5/7246
Fukuyama, Kanagawa (JP); Takashi (2013.01); B6OW 2040/0872 (2013.01)
Sunda, Kanagawa (JP)
(73) Assignee: Nissan Motor Co., Ltd., Kanagawa (JP) (57) ABSTRACT
(21) Appl. No.: 14/415,063
. Heart rates of the driver are recorded at a deceleration start
(22)  PCT Filed: Jun. 14, 2013 time when a vehicle in a travelling state starts to decelerate
(86) PCT No.: PCT/IP2013/003747 and stop. The heart rates within a predetermined period
B recorded before the deceleration start time by the biological
§371 (e)(1), information record unit are referred to, and a pre-deceleration
(2) Date: Jan. 15, 2015 heart rate which is a representative value of the referred heart
20 Foreien Application Prioritv Dat rates is extracted. Furthermore, the heart rates within a pre-
(30) oreign Application Friority Data determined period recorded after the deceleration start time
Jul. 26,2012 (JP) 2012-166225 by the biological information record unit are referred to and a
T post-deceleration heart rate which is a representative value of
Publication Classification the referred heart rates is extracted. Then, the pre-decelera-
tion biological information and the post-deceleration biologi-
(51) Int.Cl. cal information extracted by the biclogical information
B6OW 40/08 (2006.01) extraction unit are compared with each other to estimate the
A6IB 5/00 (2006.01) steady state of the driver after deceleration.
PRE-DECELERATION ; ; POST-DECELERATION : STEADY STATE
COMPARISON INTERVAL . COMPARISONINTERVAL AFTER DFECELERATION
i ) i
. : I
| : |
I 1 1
BLOOD-PRESSURE LT !
HEARTRATE  ~gm "Wy !
—— :
L | Rb-Ra = Rt
: : | STEADY STATE
i i )
t 1 1
1 1 1




Patent Application Publication  Jul. 23,2015 Sheet 1 of 10 US 2015/0203121 A1

FIG. 1

17

o PULSE WAVE SENSOR

12 A ELECTROCARDIOGRAPHIC
MONITOR

VEHICLE SPEED SENSOR

CONTROLLER

"~ BRAKE SWITCH

19 ACCELERATION SENSOR

16~ NAVIGATION SYSTEM

5 222 23z 24 !

VEHICLE SPEED ¢ | DECELERATION BIOLOGICAL l 5

BRAKE —> STARTTIME |- INFORMATION |1 E%%iﬁﬁ)m;ﬁ i

ACCELERATION | | DETECTION UNIT | |EXTRACTION UNIT |

E BIOLOGICAL g

ELECTROCARE%(?E/%\E : INFORMATION ™~ 21 :
WAeRoR RECORD UNIT i



US 2015/0203121 A1

Jul. 23,2015 Sheet 2 of 10

Patent Application Publication

INIL

31vY 1dv3aH 40 38v3403a 40
FONZS8Y HO 3ON4S34d

3dNSS344-ao01d

(51 (L)
| el : i : al |
| i ANQ.‘_‘V _
zel | e} 21 Lq1
“ ” | |
i _ _
| 03ddOLs _ | “
]
" | _ , 033dS I10IHIAA
! _ NOILYH37393a _
| ! |
! | _mx<mm
1 ! |
] ! !
{ I _
] ! _
f I |
i [ _
! munn dXmummmE LA J ! |
| fooern. | ALvY LdvaH
i
I
I
|
|
|
i
!

HOIAVHEE NOILYY31303a 0L 3anad
| FdNSS3Hd 001G NI 381y




Patent Application Publication  Jul. 23,2015 Sheet 3 of 10 US 2015/0203121 A1

PN

PREDECELERATION | |  POSTDECELERATION '  STEADY STATE
COMPARISONINTERVAL | |  COMPARISONINTERVAL | AFTERDECELERATION
BLOOD-PRESSURE [P RSN E
HEARTRATE s Y. - |
Rb v Ry 5 Rb-Ra = Rt
FIG 4B b ! STEADY STATE
BLOOD-PRESSURE _ - _ . . e !
HEARTRATE & 0 SSeemaoo.
BLOOD-PRESSURE LR LR -
PIPE e ' \
HEARTRATE "~ -~~~ ;o !
FIG. 4D b , | NOT STEADY STATE
BLOOD-PRESSURE _ L i
* HEART RATE Coo ?

~EREEER - |

Rb ! : a 1



US 2015/0203121 A1

Jul. 23,2015 Sheet 4 of 10

Patent Application Publication

|
0zls ~] BdELIISTY |
I
6115 ~4 ddaLl3s |
]
| w
VIS ACVALS LON| [ 3lvisAdvals |
\l\

811s

J3Sdv13 AL +4L

ON 7118
<o
m:w)\_ &ﬁm |
2118~ B LOv¥LX3 |
s~ L 135 _
o:m\L Binoavay |
GERCEEENIE

6018 S
Z01S

ON

i

B ayooay |

|

B) 1353y

Y018 \/\_ oY el

1353y |

moa\/% ayalL

!
13534 |

oN

LOLS

~_] NOILYWJ04NI 1¥01901018 44003y |

L1YVLS ONISSIO0Ud

@O_?\E?wm EELAR wmmm._.mv

G 9I4



US 2015/0203121 A1

Jul. 23,2015 Sheet 50f 10

Patent Application Publication

WL

I+

(L)

—~
O -
=
~—

el —> L

~—

—
o -

4

—

~
C g,y = — -
e

el
—

Ll

d3dd01s

NOILvd31404d

_—— e e = — =} 4]

---------------

3Ivd 1HVY3H 40 3svayo3a 40 !
JONISEY ¥O JONISTHd

HOIAVYHIE NOILYY31303d 0L 3nd
JF¥NSSIHd J0O0TE NI 3S1d

J33dS F10IHIA

Ehg-s

31VY LHv3IH

F4NSSFH4-a0014d




Patent Application Publication  Jul. 23,2015 Sheet 6 of 10 US 2015/0203121 A1

17
; 222 232 24z |
VEHICLE SPEED + | DECELERATION BIOLOGICAL , |
BRAKE 3 STARTTIME |- INFORMATION |- DHIEXSSINIE |
ACCELERATION © | DETECTIONUNIT |~ |[EXTRACTIONUNIT |
: T 21 \L 25 1
, ~ ~ !
! BIOLOGICAL DRIVER'S !
LECTROG ARE%SEX\@{E ; INFORMATION INFORMATION |
il RECORDUNIT | = |ACQUISITION UNT

j l:> ' P=axTp+B

ELECTROCARDIOGRAPHIC
WAVEFORM

12 TIME To



US 2015/0203121 A1

Jul. 23,2015 Sheet 7 of 10

Patent Application Publication

d33ds 370[HIA

<= 5| > Yl >
oD ! (1)

| o 2l _ L e— ol —>,

! | _ (®L) I (zay) |

IWIL Zs1 s} Zel e) 3] et
! “
Q3ddOlLs “
|
1
1

NOILY¥31423d

31vyd

o=y PL T e

1¥v3H 40 38v3d 030 40
JONASAY ¥0O JONISTAd

JOIAVYHZE NOILYEI13030 0L 3Nd
F4NSS3dd AOOTd NI 3S[d

IAvdd

31V LdvaH

FHNSS344-a001d




US 2015/0203121 A1

Jul. 23,2015 Sheet 8 of 10

Patent Application Publication

0Z18 ~

i
BY ‘el 13383y

m__m\,/\_

0y 'qL 13534

|

I

{
5023 \(ﬁzo_Es_mEZ_ S.HIAEA FHINDIY |

JLVLS AJVILS LON | _

ALvlS AAY3LS

—
8L1S

9118

2025 ~{2 ANY d 31¥INOTVO)|

g11s ~

I
By 10vdLXd

d3sdvi3 il + yl

: 001LS
NO IHvyd
S{ORRY

¥01S

A
Bgyoozy | | Bl3s3d

X

kY

G3d-¥0Q34NA
ON SI 6

LO1LS SOA

NO
d01vH3T300V

~| eyeLizsmN |

oN

1028
£11s ~ oL 135
Z11s ~ O 159813
LIS~ QER
011S ~ B 100 Qv

ON

60L&

Gy 434NN
g1 6

_
0l ~l_ oM'aL13s3y |
oN
S 0=h 2018

| NOILYAHOSNI T¥21907018 QH02Fd 03

I
1¥VYLS ONISSIO0Nd
NOILYWILST JLVLS SSIULS

0L 914



US 2015/0203121 A1

Jul. 23,2015 Sheet 9 of 10

Patent Application Publication

LINN 0HO03
17— NOLLYINGOIM
Tv01907018
1NN q4003d LINN NOILISINDOY LINA NOLYILSS LINN NOILOVH1X3 L1INN NOILO313d
NOILYWHO AN NOILYWHOANI m_._.<._.w S MIANA NOLLYWHOSNI JNLL LEVLS
S.d3ARA SH3AId , Tv21907018 NOILYY31303d
9¢ §¢ ve €2 A7

Ll

L1914

WHOAIAYM
OIHdVHD0IaYYO0H 103713

JAVM 3STNd

NOILvH3T1300V
AVHE
J334S F10HIA



US 2015/0203121 A1

Jul. 23,2015 Sheet 10 of 10

Patent Application Publication

0218 ~ e e 353 _

68115 ~ ETNEREY |
T

|
1088 ~{ NOILYWHOANI S ¥IANA QY0OTY |

|
5028 ~—{ NOILYWYOSNI S:43ARd FHINODY |

Ebﬁm AQv31s LON |

HERS ETS _

S

\I\
gLis

B 04003y

b b1 1353 |

9N

7078 ~{2 ONV 0 1Y IN0 VO]

Ga3aH003UNA
sl B
[018 SO A

0018
NO I}vdg
GolS

X kY

NO
HO1vH3T300Y

T
Gl1S ~ B .1OvdlX3

| b0 15 ~t_ Y BL 1353

_
s IS CYECET

03SdV13 1L + UL ON

oN < é
L0¢S SOA 2018

oN

1
m:w\/\_ el L3S

[ NOILYWHOSNI TY2ID010I8 08003 |~ 118

[
Z11s ~] 9 LOovdlX3

1Hv1Ss ONISS300Hd

|
|

1118 ~d qL 135 _ @o_b\s_:mm ETE) mmmm®
| _

1
oLls ~]  Blnoavay

QIHYIJIANND
sl b

6OLS

¢l 94



US 2015/0203121 Al

DRIVER’S STATE ESTIMATION APPARATUS
AND DRIVER’S STATE ESTIMATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a national phase applica-
tion of PCT Application No. PCT/JP2013/003747 filed Jun.
14,2013, and claims priority to Japanese Patent Application
No. 2012-166225, filed on Jul. 26, 2012, the entire content of
which is hereby incorporated by reference as a part of this
application.

BACKGROUND
[0002] 1. Technical Field
[0003] This disclosure relates to a driver’s state estimation

apparatus and a driver’s state estimation method.

[0004] 2. Related Art

[0005] PTL 1 discloses a navigation apparatus which
searches a facility around the current location and provides
information thereof. The navigation apparatus measures bio-
logical information of a passenger, such as a blood-pressure,
a pulse rate, a body temperature, or the like, and provides
facility information depending on a health condition of the
passenger.

CITATION LIST
Patent Literature
[0006] PTLI1:JP 2007-47196
SUMMARY
[0007] With regard to the blood-pressure as one example of

the biological information, a normal value can be obtained
only when a measuring object person is in a steady state. For
example, the blood-pressure generally becomes higher after
exercise, after meals, on smoking, at a cold time, or the like.
The blood-pressure also generally becomes higher when the
person is in an excited state due to emotional ups and downs,
or in a nervous state. Therefore, in order to obtain the normal
value of the blood-pressure, it is firstly necessary to know
whether or not the measuring object person is in the physi-
cally and mentally steady state. However, it is difficult to
estimate that the measuring object person is in the steady
state. Especially, the blood-pressure of the driver fluctuates
largely during travelling, and the driver is not always in the
steady state even when a vehicle is stopped.

[0008] One or more embodiments of the present invention
improves an estimate accuracy in estimating the driver’s
steady state.

[0009] According to one embodiment of the present inven-
tion, there is provided a driver’s state estimation apparatus in
which biological information of a driver is recorded and a
deceleration start time is detected when a vehicle in travelling
state starts to decelerate and stops. Then, the biological infor-
mation within a predetermined period recorded before the
deceleration start time is referred to and pre-deceleration
biological information which is a representative value of the
referred biological information is extracted, and the biologi-
cal information within a predetermined period recorded after
the deceleration start time is referred to and post-deceleration
biological information which is a representative value of the
referred biological information is extracted. Then, the
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extracted pre-deceleration biological information and the
extracted post-deceleration biological information are com-
pared with each other to estimate whether or not the driver
after deceleration is in a steady state.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG.1isaschematic configuration of a driver’s state
estimation apparatus;

[0011] FIG. 2isablock diagram illustrating a driver’s state
estimation processing;

[0012] FIG. 3 is a time chart illustrating a pre-deceleration
comparison period Tb and a post-deceleration comparison
period Ta;

[0013] FIG. 4Ato FIG. 4D are views illustrating an estima-
tion of a steady state;

[0014] FIG. 5 is a flowchart illustrating a driver’s state
estimation processing;

[0015] FIG. 6 is a time chart illustrating a reaction time Tx
and a deceleration start time tg;

[0016] FIG. 71isablock diagram illustrating a driver’s state
estimation processing of a second embodiment;

[0017] FIG. 8A and FIG. 8B are views illustrating a calcu-
lation method of a blood-pressure value P;

[0018] FIG.9isatime chart illustrating a post-deceleration
stability period Ts;

[0019] FIG. 10 is a flowchart illustrating a driver’s state
estimation processing of the second embodiment;

[0020] FIG. 11 is a block diagram illustrating a driver’s
state estimation processing of a third embodiment; and
[0021] FIG. 12 is a flowchart illustrating a driver’s state
estimation processing of the third embodiment.

DETAILED DESCRIPTION

[0022] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. In embodi-
ments of the invention, numerous specific details are set forth
in order to provide a more thorough understanding of the
invention. However, it will be apparent to one of ordinary skill
in the art that the invention maybe practiced without these
specific details. In other instances, well-known features have
not been described in detail to avoid obscuring the invention.

First Embodiment

[0023] (Configuration)

[0024] The present embodiment estimates a steady state of
a driver.

[0025] FIG.1isaschematic configuration of a driver’s state

estimation apparatus.

[0026] Thedriver’s state estimation apparatus is installed in
a vehicle and includes a pulse wave sensor 11, an electrocar-
diographic monitor 12, a vehicle speed sensor 13, a brake
switch 14, an acceleration sensor 15, a navigation system 16,
and a controller 17.

[0027] The pulse wave sensor 11 is configured to detect a
pulse wave (volume pulse wave) of the driver. The pulse wave
is biological information representing a change of a volume
of the peripheral arterial vessel associated with the pulsation
of the heart. The pulse wave sensor 11 may be formed by
using a photoelectric sensor having a combination of a light
emitting element and a light receiving element of the infrared
light to utilize a characteristic of the near-infrared wavelength
light passing through a living body and being absorbed into
hemoglobin in blood. Specifically, the pulse wave sensor 11
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may be provided on a grip portion of a steering wheel, for
example, and configured to irradiate the infrared light to a
palm or a fingertip of the driver and input a voltage signal
depending on a light intensity of a scattered light reflecting
thereon to the controller 17. The controller 17 configured to
determine the pulse wave on the basis of the input voltage
signal.

[0028] The electrocardiographic monitor 12 is configured
to detect an electrocardiographic waveform of the driver. The
electrocardiographic monitor 12 may include, for example,
plural electrodes provided on a seating face or a surface of a
backrest of a seat, or the like. The electrocardiographic moni-
tor 12 may be configured to input to the controller 17 a
potential difference signal which occurs between the respec-
tive electrodes due to a depolarization produced with a con-
duction of impulse which occurs when the heart muscle of the
driver expands and contracts. The electrocardiographic moni-
tor 12 is configured to determine the electrocardiographic
waveform on the basis of the input potential difference. It is
noted that clothes or a cloth intervenes between a skin of the
driver and the electrodes, therefore, the Laplacian electrode
arrangement may be employed or a capacitive measurement
circuit may have a high input impedance.

[0029] The driver’s state estimation apparatus of the
present embodiment may be supposed to be installed in the
vehicle, and the biological information may be continuously
acquired without binding the driver. Therefore, the pulse
wave sensor 11 and the electrocardiographic monitor 12 may
be provided on the grip portion of the steering wheel or on the
seating face or the surface of the backrest of the seat. The
pulse wave sensor 11 and the electrocardiographic monitor 12
may be provided at a part which the driver operates within the
reach ofa portion of the body or a part supporting the body of
the driver, as long as the biological information of the driver
can be acquired.

[0030] The vehicle speed sensor 13 is configured to detect
a speed of a vehicle body (hereinafter, referred to as “vehicle
speed”) V. The vehicle speed sensor 13 may be provided on a
driven gear on an output side of a transmission, for example,
and be configured to detect magnetic field lines of a sensor
rotor by a detection circuit to convert the change of the mag-
netic field due to a rotation of the sensor rotor into a pulse
signal and input it to the controller 17. The controller 17 is
configured to determine the vehicle speed V on the basis of
the input pulse signal.

[0031] Thebrake switch 14 is configured to detect ON/OFF
of a brake. The brake switch 14 is configured to input a
voltage signal depending on the ON/OFF of the brake to the
controller 17, for example, by the use of a detection circuit
including a normally-closed contact. The controller 17 is
configured to determine the ON/OFF of'the brake on the basis
of the input voltage signal.

[0032] Theacceleration sensor 15 is configured to detect an
acceleration/deceleration G in a front-rear direction of the
vehicle. The acceleration sensor 15 is configured to detect a
displacement of a movable electrode with respect to a fixed
electrode as a change of an electrostatic capacity, for
example, and to convert itinto a voltage signal proportional to
the acceleration/deceleration and the direction to input the
voltage signal to the controller 17. The controller 17 is con-
figured to determine the acceleration/deceleration G on the
basis of the input voltage signal.

[0033] Thenavigation system 16 is configured to recognize
a current location of the vehicle and road map information at
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the current location. The navigation system 16 includes a GPS
receiver and is configured to recognize the location (latitude,
longitude, altitude) and the travelling direction of the vehicle
on the basis of time differences between radio waves arriving
from three or more GPS satellites. Then, the navigation sys-
tem 16 is configured to refer to the road map information
including road types, road shapes, widths of lanes, passing
directions of vehicles, and the like, which are stored in a
DVD-ROM drive or a hard disk drive, and to recognize the
road map information at the current location of the vehicle to
input it to the controller 17. It is noted that the Dedicated Short
Range Communication (DSRC) may be used to receive vari-
ous data from an infrastructure as the Driving Safety Support
Systems (DSSS).

[0034] It is noted that the controller 17 is configured to
directly receive the various detection signals from the sensors
or the like, but is not limited thereto. The controller 17 may be
connected to another control unit to receive the various data,
for example, via Controller Area Network (CAN) using a
multiplex communication of a CSMA/CA systeni.

[0035] The controller 17 may include a micro computer for
example, and be configured to perform a driver’s state esti-
mation processing every predetermined period (10 msec, for
example).

[0036] FIG. 2 is a block diagram illustrating the driver’s
state estimation processing.

[0037] The driver’s state estimation processing performed
by the controller 17 includes a biological information record
unit 21, a deceleration start time detection unit 22, a biologi-
cal information extraction unit 23, and a driver’s state esti-
mation unit 24.

[0038] The biological information record unit 21 is config-
ured to record a vital sign of the circulatory system of the
driver, which is influenced by the autonomic nerve, as the
biological information. The heart rate R is the number of the
pulsation of the heart within a certain period, and generally
indicates the number of the pulsation per minute. Specifically,
the heart rate R is calculated on the basis of the pulse wave
detected by the pulse wave sensor 11 and the electrocardio-
graphic waveform detected by the electrocardiographic
monitor 12, and the heart rate R is recorded as the biological
information. The biological information record unit 21 is
configured to accumulate the heart rates R with time infor-
mation in a nonvolatile memory and manage them.

[0039] Herein, the calculation of the heart rate R will be
described.
[0040] Inthe present embodiment, a period of the pulsation

propagating from the pumping of the heart to the periphery is
measured. For example, the heart rate (sec) is calculated by
dividing a unit time (60 sec, for example) by a period from a
peak value to a next peak value in the pulse wave or the
electrocardiographic waveform (a period of one pulsation).

[0041] What is described above is the record processing of
the heart rate R by the biological information record unit 21.
[0042] The deceleration start time detection unit 22 is con-
figured to detect a deceleration start time tg when the vehicle
in atravelling state starts to decelerate and stops. Specifically,
the deceleration start time detection unit 22 is configured to
read the vehicle speed V detected by the vehicle speed sensor
13, the ON/OFF state and the like detected by the brake
switch 14. Then, the deceleration start time detection unit 22
is configured to detect the time when the deceleration opera-
tion of the driver switches to ON as the deceleration start time
tg, when the break including an engine brake switches from
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OFF to ON in a state where the vehicle speed V is faster than
zero, and then the vehicle speed V decreases to zero. The
deceleration start time tg substantially corresponds to the
time when the driver recognizes that the vehicle needs to stop.
[0043] Thebiological information extraction unit 23 is con-
figured to refer to the heat rates R within a predetermined
pre-deceleration comparison period Tb recorded by the bio-
logical information record unit 21 before the deceleration
start time tg with reference to the deceleration start time tg
detected by the deceleration start time detection unit 22 to
extract a pre-deceleration heart rate Rb, which is a represen-
tative value of the referred heart rates R. Furthermore, the
biological information extraction unit 23 is configured to
refer to the heat rates R within a predetermined post-decel-
eration comparison period Ta recorded by the biological
information record unit 21 after the deceleration start time tg
to extract a post-deceleration heart rate Ra, which is a repre-
sentative value of the referred heart rates R.

[0044] FIG. 3 is a time chart illustrating the pre-decelera-
tion comparison period Tb and the post-deceleration com-
parison period Ta.

[0045] First, the time (tg—Tr=tb1) prior to the deceleration
start time tg by a predetermined time Tr is set as a pre-
deceleration reference start time th1 and the deceleration start
time tg is set as a pre-deceleration reference end time th2
(tg=tb2). Then, a period from the pre-deceleration reference
start time th1 to the pre-deceleration reference end time th2 is
set as the pre-deceleration comparison period Tb (th2-
tb1=Tb=Tr).

[0046] Furthermore, the time (tg+T{=tal) when a predeter-
mined time Tfelapses from the deceleration start time tg is set
as a post-deceleration reference start time tal and the time
(tal+Te=ta2) when a predetermined time Te elapses from the
post-deceleration reference start time tal is set as a post-
deceleration reference end time ta2. Herein, Tf corresponds to
atime from the start of the deceleration to the start of decrease
of the heart rate R. Te corresponds to a time from the start of
decrease of the heart rate R until the heart rate R returns to the
same status as before the start of the deceleration. Then, the
period (ta2-tal=Ta=Te) from the post-deceleration reference
start time tal to the post-deceleration reference end time ta2
is set as the post-deceleration comparison period Ta.

[0047] Then, a data group of the heart rates R recorded
within the pre-deceleration comparison period Tb is referred
to and an average value of the heart rates R is extracted as the
pre-deceleration heart rate Rb, as follows.

Rb=ZR(J/N, where i=R1,R2,..., RN

[0048] Furthermore, a data group of the heart rates R
recorded within the post-deceleration comparison period Ta
is referred to and an average value of the heart rates R is
extracted as the post-deceleration heart rate Ra, as follows.

Ra=ZR(i)/N, where i=R1,R2, ..., RN

[0049] It is noted that the data group of the heart rates R is
referred to and the average value is utilized as the represen-
tative value of the referred heart rates R in the present embodi-
ment, but the present disclosure is not limited thereto. In other
embodiments, an intermediate value or a maximum value
may be used as the representative value.

[0050] Whatis described above is the extraction processing
of the pre-deceleration heart rate Rb and the post-deceleration
heart rate Ra by the biological information extraction unit 23.
[0051] Thedriver’s state estimation unit 24 is configured to
compare the pre-deceleration heart rate Rb and the post-

Jul. 23, 2015

deceleration heart rate Ra extracted by the biological infor-
mation extraction unit 23 to estimate the steady state of the
driver after the deceleration.

[0052] FIG. 4A to FIG. 4D are views the estimation of the
steady state.
[0053] First, as illustrated in FIG. 4A and FIG. 4B, the

driver’s state estimation unit 24 is configured to estimate that
the driver after the deceleration is in the steady state when the
difference AR (=Rb-Ra) between the pre-deceleration heart
rate Rb and the post-deceleration heart rate Ra is equal to or
larger than a predetermined threshold value Rt. Herein, FIG.
4A illustrates a case where the blood pressure which has risen
due to the deceleration behavior decreases after the decelera-
tion. FIG. 4B illustrates a case where the blood pressure
which has risen before the deceleration behavior decreases
after the deceleration.

[0054] Onthe other hand, as illustrated in FIG. 4C and FIG.
4D, the driver’s state estimation unit 24 is configured to
estimate that the driver after the deceleration is not in the
steady state when the difference AR (=Rb-Ra) between the
pre-deceleration heart rate Rb and the post-deceleration heart
rate Ra is less than the predetermined threshold value Rt.
Herein, FIG. 4C illustrates a case where the blood pressure
which has risen due to the deceleration behavior is kept after
the deceleration. FIG. 4D illustrates a case where the blood
pressure does not change before the deceleration behavior
and after the deceleration.

[0055] Itis noted that the one threshold value Rt is setin the
abovedescription, and two phases in which the driver after the
deceleration is in the steady state or not is estimated depend-
ing on whether or not the difference AR between the pre-
deceleration heart rate Rb and the post-deceleration heart rate
Ra is larger than the threshold value Rt, the present discloser
is not limited thereto. That is, three or more phases of the
steady state of the driver after the deceleration, for example,
“steady state”, “a bit steady state”, “not steady state™, and the
like, may be estimated by setting plural threshold values and

depending on the range where the difference AR falls into.

[0056] What is described above is the descriptions of the
driver’s state estimation processing based on the block dia-
gram in FIG. 2.

[0057] Next, thedriver’s state estimation processing will be
described based on a flowchart.

[0058] FIG. 5is the flowchart illustrating the driver’s state
estimation processing.

[0059] First, in the step S101 corresponding to a processing
in the biological information record unit 21, the heart rate R is
calculated on the basis of the pulse wave detected by the pulse
wave sensor 11 and the electrocardiographic waveform
detected by the electrocardiographic monitor 12 and the heart
rate R is recorded as the biological information.

[0060] Inthe step S102, it is determined whether or not the
vehicle speed V is zero. Now, when the vehicle speed V is
faster than zero, it is determined that the vehicle is in the
travelling state, and the processing proceeds to the step S103.
On the other hand, when the vehicle speed V is zero, it is
determined that the vehicle is in a stopped state, and the
processing proceeds to the step S109.

[0061] In the step S103, the pre-deceleration comparison
period Tb and the pre-deceleration heart rate Rb which are set
by the biological information extraction unit 23 are reset.
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[0062] In the following step S104, the post-deceleration
comparison period Ta and the post-deceleration heart rate Ra
which are set by the biological information extraction unit 23
are reset.

[0063] Inthe following step S105, it is determined whether
or not the break including the engine brake is ON. Now, when
the break is OFF, it is determined that the deceleration opera-
tion is not performed and the processing proceeds to the step
$100. On the other hand, when the brake is ON, it is deter-
mined that the deceleration operation is performed and the
processing proceeds to the step S107. It is noted that the driver
may continuously switch the braking operation between ON
and OFF, such as in a case of the intermittent brake operation
or the like, Thus, when the brake switch 14 switches from
OFTF to ON, the brake switch 14 may be considered as being
remaining in the ON state until a predetermined time elapses.
[0064] Inthe step S100, it is determined whether or not the
accelerator is ON. Now, when the accelerator is ON, it is
determined that the acceleration operation is performed and
the processing proceeds to the step S106. On the other hand,
the accelerator is OFF, it is determined that the acceleration
operation is not performed and the processing returns to a
predetermined main program.

[0065] Inthe step S106 corresponding to a processing inthe
deceleration start time detection unit 22, the deceleration start
time tg is reset and the processing returns to the predeter-
mined main program.

[0066] In step S107, it is determined whether or not the
deceleration start time tg is unrecorded. Now, when the decel-
eration start time tg is unrecorded, it is determined that it is
just after starting the brake operation, and the processing
proceeds to the step S108. On the other hand, when the
deceleration start time tg is recorded, it is determined that it is
not just after starting the brake operation, and the processing
returns to the predetermined main program.

[0067] Inthe step S108, the deceleration start time tg when
the vehicle in the travelling state starts to decelerate is
recorded, and then the processing returns to the predeter-
mined main program.

[0068] Inthe step S109, it is determined whether or not the
deceleration start time tg is unreferred to. Now, when the
deceleration start time tg is unreferred to, it is determined that
it is just after the vehicle stops, the processing proceeds to the
step S110. On the other hand, when the deceleration start time
tg is referred to, it is determined that it is not just after the
vehicle stops, the processing proceeds to the step S114.
[0069] Inthestep S110 corresponding to a processing inthe
deceleration start time detection unit 22, the deceleration start
time tg when the vehicle in the travelling state starts to decel-
erate is read out (referred to).

[0070] In the following step S111 corresponding to a pro-
cessing in the biological information extraction unit 23 and
the pre-deceleration comparison period Tb is set. That is, the
pre-deceleration reference start time th1 prior to the the decel-
eration start time tg by the predetermined time Tr is set is set
and the deceleration start time tg is set as the pre-deceleration
reference end time th2. And the period from the pre-decelera-
tion reference start time tb1 to the pre-deceleration reference
end time tb2 is set as the pre-deceleration comparison period
Tb.

[0071] In the following step S112 corresponding to the
processing in the biological information extraction unit 23,
the data group of the heart rates R recorded within the pre-
deceleration comparison period Tb is referred to, and the
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average of the heart rates R is extracted as the pre-decelera-
tion heart rate Rb. In the following step S113 corresponding
to the processing in the biological information extraction unit
23, the post-deceleration comparison period Ta is set. That is,
the required time Tf from the deceleration start time tg until
the biological information of the driver becomes stable is set,
and the post-deceleration reference start time tal when the
predetermined time Tf elapses from the deceleration start
time tg is set. And the post-deceleration reference end time
ta2 when the predetermined time Te elapses from the post-
deceleration reference start time tal is set. Then, the post-
deceleration comparison period Ta from the post-decelera-
tion reference start time tal to the post-deceleration reference
end time ta2 is set.

[0072] In the following step S114, it is determined that
whether or not the time (Tf+Te) has elapsed from the decel-
eration start time tg. The time (Tf+Te) corresponds to the time
from when the deceleration starts and the heart rate R
decreases until the heart rate R returns to the same status as
before the start of deceleration. Herein, when the time (Tf+
Te)has not elapsed, it is determined that the post-deceleration
comparison period Ta has not elapsed, and thus the post-
deceleration heart rate Ra can not be extracted. And the pro-
cessing returns to the predetermined main program. On the
other hand, when the time (Tf+Te) has elapsed, it is deter-
mined that the post-deceleration comparison period Ta has
elapsed, and thus the post-deceleration heart rate Ra can be
extracted. And the processing proceeds to the step S115.

[0073] Inthe step S115 corresponding to a processing in the
biological information extraction unit 23, the data group of
the heart rates R recorded within the post-deceleration com-
parison period Ta is referred to and the average of the heart
rates R is extracted as the post-deceleration heart rate Ra.

[0074] In the following step S116 corresponding to a pro-
cessing in the driver’s state estimation unit 24, it is deter-
mined whether or not the difference AR between the pre-
deceleration heart rate Rb and the post-deceleration heart rate
Rais equalto orlarger than the predetermined threshold value
Rt. Now, when the difference AR is equal to or larger than the
predetermined threshold value Rt, it is estimated that the
driver after the deceleration is in the steady state, and the
processing proceeds to the step S117. On the other hand,
when the difference AR is smaller than the predetermined
threshold value Rt, it is estimated that the driver after the
deceleration is not in the steady state, and the processing
proceeds to the step S118.

[0075] In the step S117 corresponding to the processing in
the driver’s state estimation unit 24, the estimation result that
the driver after the deceleration is in the steady state is
recorded as a history, for example in a predetermined drive
recorder, and then the processing proceeds to the step S119.
[0076] In the step S118 corresponding to the processing in
the driver’s state estimation unit 24, the estimation result that
the driver after the deceleration is not in the steady state is
recorded as a history, for example in the predetermined drive
recorder, and then the processing proceeds to the step S119.
[0077] In the step S119, the pre-deceleration comparison
period Tb and the pre-deceleration heart rate Rb which are set
by the biological information extraction unit 23 are reset, and
then the processing returns to the predetermined main pro-
gram.

[0078] The following step S120, the post-deceleration
comparison period Ta and the post-deceleration heart rate Ra
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which are set by the biological information extraction unit 23
are reset, and then the processing returns to the predetermined
main program.

[0079] What is described above is the descriptions of the
driver’s state estimation processing based on the flowchart in
FIG. 6.

[0080] (Operation)

[0081] Next, the operation of the first embodiment will be
described.

[0082] With regard to the blood-pressure as one example of

the biological information, a normal value can be obtained
only when a measuring object person s in the steady state. For
example, it is known that the blood-pressure becomes higher
dueto exercise, meals, an excited state, anervous state, smok-
ing, a coldness, or the like, and contrarily, the blood-pressure
becomes lower due to a warmness, a steady state, relaxed
state, or the like. Among these factors, the factors other than
the mental factors can be self-controlled. However, the men-
tal factors may not be sufficiently self-controlled.

[0083] Furthermore, some people experience a rise inblood
pressure only by wearing a sphygmomanometer cuff. Thus,
multiple measurements may be needed for measuring a
blood-pressure value in the real steady state. Therefore, a user
has to reduce the various fluctuating factor by taking a break
for a few minutes before measuring the blood-pressure to
secure the accuracy of the measured values. And the user also
has to consider that the various fluctuating factor may be
affected by the physical exercise or the emotional ups and
downs of the user. Thus, in measuring the biological infor-
mation, the measurement of the biological information in the
steady state with high accuracy is difficult and an important
problem.

[0084] Therefore, in the present embodiment, focusing on
the tendency of the heart rate R of the driver to be stabilized
uniformity after the change of the heart rate R of the driver
due to the deceleration of the vehicle, it is estimated whether
or not the driver after the deceleration is in the steady state by
comparing the pre-deceleration heart rate Rb and the post-
deceleration heart rate Ra.

[0085] First, the heart rate R as the vital sign of the circu-
latory system of the driver is calculated on the basis of the
pulse wave and the electrocardiographic waveform of the
driver and recorded with the time information (the step S101).
In the present embodiment, focusing on the tendency of the
heart rate R of the driver to be stabilized uniformity after the
change of the heart rate R of the driver due to the deceleration
of the vehicle, by observing how the heart rate R of the driver
changes before and after the deceleration start time tg before
the vehicle stops, the steady state of the driver after the decel-
eration is estimated.

[0086] First, the time when the brake switches from OFF to
ON (“Yes” in the determination in the step S105) in the state
where the vehicle speed V is faster than zero (“No” in the
determination in the step s102) is recorded as the deceleration
start time tg (the step S108). Then, the recorded deceleration
start time tg is read out (the step S110) at a vehicle stop time
is when the vehicle is stopped by the deceleration operation
(“Yes” in the determination in the step S102).

[0087] Then, as illustrated in FIG. 3, the pre-deceleration
reference start time tb1l and the pre-deceleration reference
end time th2 are set in accordance with the deceleration start
time tg and the predetermined time Tr, and the period from the
pre-deceleration reference start time tb1 to the pre-decelera-
tion reference end time th2 is set as the pre-deceleration
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comparison period Tb (the step S111). Then, the heart rates R
within the pre-deceleration coniparison period Tb are
referred to and the average of the data group of the heart rates
R is extracted as the pre-deceleration heart rate Rb (the step
S112). In the pre-deceleration comparison period Tb, both of
the blood-pressure value and the heart rate are in stable state.

[0088] Furthermore, as illustrated in FIG. 3, the post-decel-
eration reference start time tal and the post-deceleration ref-
erence end time ta2 are set in accordance with the decelera-
tion start time tg, the predetermined time Tf and the
predetermined time te, and the period from the post-decelera-
tion reference start time tal to the post-deceleration reference
end time ta2 is set as the post-deceleration comparison period
Ta (the step S113). In this case, in the period from the decel-
eration start time tg to the vehicle stop time ts, the heart rate
does not change significantly generally, however the blood-
pressure has a tendency to rise due to the deceleration opera-
tion. Then, when the vehicle is stopped completely, the blood-
pressure starts to drop from the state where the blood-
pressure has risen, and returns to the stable state. On the other
hand, the heart rate R also drops temporarily, and starts to rise
again, and then returns to the stable state.

[0089] Then, the processing waits from the deceleration
start time tg until the time (Tf+Te) elapses (“No” in the
determination of the step S114), that is, until the data collec-
tion of the heart rates R within the post-deceleration compari-
son period Ta is completed. Then, when the time (Tf+Te)
elapses (“Yes” in the determination of the step S114), the
heart rates R within the post-deceleration comparison period
Ta are referred to, and the average of the data group of the
heart rates R is extracted as the post-deceleration heart rate Ra
(the step S115).

[0090] Then, as illustrated in FIG. 4A and FIG. 4B, it is
estimated that the driver after the deceleration is in the steady
state (the step S117) when the difference AR between the
pre-deceleration heart rate Rb and the post-deceleration heart
rate Ra is equal to or larger than the predetermined threshold
value Rt (“Yes” in the determination in the step S116). On the
other hand, as illustrated in FIG. 4C and FIG. 4D, it is esti-
mated that the driver after the deceleration is not in the steady
state (the step S118) when the difference AR is smaller than
the predetermined threshold value Rt. In this way, by com-
paring the pre-deceleration heart rate Rb and the post-decel-
eration heart rate Ra, it is possible to estimate whether or not
the driver after the deceleration is in the steady state with high
accuracy. Furthermore, since it is estimated whether or not the
driver is in the steady state by using the magnitude of the
difference AR between the pre-deceleration heart rate Rb and
the post-deceleration heart rate Ra, it is easy to estimate
whether or not the driver is in the steady state.

[0091] Furthermore, by setting the pre-deceleration com-
parison period Tb on the basis of the deceleration start time tg
and the predetermined time Tr, and referring to the data group
of the heart rates R recorded within the pre-deceleration com-
parison period Th, it is possible to easily extract the pre-
deceleration heart rate Rb with high reliability, which can be
considered as the heart rate in the steady state before the
deceleration. Furthermore, by extracting the average value of
the data group of the heart rates R recorded within the pre-
deceleration comparison period Tb as the pre-deceleration
heart rate Rb, it is possible to easily extract the statistically
representative value averaging the dispersion in the data
observed within the pre-deceleration comparison period Th.
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[0092] Furthermore, by setting the post-deceleration com-
parison petiod Ta depending on the deceleration start time tg,
the predetermined time Tf and the predetermined time Te, and
referring to the data group of the heart rates R recorded within
the post-deceleration comparison period Ta, it is possible to
easily extract the post-deceleration heart rate Ra with high
reliability, which generally drops after the deceleration. Fur-
thermore, by extracting the average value of the data group of
the heart rates R recorded within the post-deceleration com-
parison period Ta as the post-deceleration heart rate Ra, it is
possible to easily extract the statistically representative value
averaging the dispersion in the data observed within the post-
deceleration comparison period Ta.

Application Example 1

[0093] Inthe present embodiment, the time when the brake
is switched to ON by the driver as the deceleration start time
tg, the deceleration start time tg' may be detected by adding
the reaction time Tx from the time when the driver recognizes
that the vehicle needs to stop until a time when the driver
starts the deceleration operation.

[0094] First, the reaction time Tx from the time when the
driver recognizes that the vehicle needs to stop until the time
when the driver starts the deceleration operation is preset. The
reaction time is obtained by summing a reflex time from
recognizing that the vehicle needs to stop until the foot moves
(0.4 to 0.5 sec, for example), and a retreading time from the
accelerator pedal to the brake pedal (0.2 sec, for example),
and a pedaling time from start of pedaling the brake pedal
until the brake switch 14 switches to OFF (0.1 to 0.3 sec, for
example). Thus, Tx is about 0.7 to 1.0 sec.

[0095] FIG. 6 is a time chart illustrating the reaction time
Tx and the deceleration start time tg.

[0096] The deceleration start time detection unit 22 is con-
figured to detect the time prior to the time tg when the brake
switch 14 switches to ON by the reaction time Tx as the
deceleration start time tg' (tg-Tx=tg").

[0097] Thebiological information extraction unit 23 is con-
figured to set the time prior to the deceleration start time tg' by
the predetermined time Tr is set as the pre-deceleration ref-
erence start time tbl (tg'-Tr=tb1). Furthermore, the time
when a predetermined time Tf elapses from the deceleration
start time tg' is set as the post-deceleration reference start time
tal (tg'+Tf=tal).

[0098] Next, the operation of the above-mentioned appli-
cation example will be described.

[0099] There is a slight time difference (loss of time) asso-
ciated with recognition, determination and action between
the time when the driver recognizes that the vehicle needs to
stop and the time when the brake switch 14 switches to ON.
Therefore, when the post-deceleration comparison period Ta
is set on the basis of the predetermined times Tf and Te with
reference to the deceleration start time tg when the brake
switch 14 switches to ON, the heart rate R just before the
post-deceleration reference start time tal may have already
started to drop. In this case, the post-deceleration heart rate Ra
is extracted in a state where the heart rate R has already drops
outside the post-deceleration comparison period Ta, the esti-
mate accuracy of the steady state may be subject to the influ-
ence.

[0100] Therefore, in order to improve the estimate accuracy
of the steady state, it is necessary to correctly set the pre-
deceleration comparison period Th and the post-deceleration

Jul. 23, 2015

comparison period Ta, and thus it is needed to accurately
detect the deceleration start time tg'.

[0101] Therefore, in this application example, the reaction
time Tx from the time when the driver recognizes that the
vehicle needs to stop until the time when the driver starts the
deceleration operation is set, the time prior to the time tg when
the brake switch 14 switches to ON by the reaction time Tx is
detected as the deceleration start time tg'. In this way, the
deceleration start time tg' approximates the time when the
driver recognizes that the vehicle needs to stop. Therefore, it
is possible to correctly set the pre-deceleration comparison
period Tb and the post-deceleration comparison period Ta,
and thus it is possible to improve the estimate accuracy of the
steady state.

[0102] In the above description, the processing in the step
S101 in the biological information record unit 21 corresponds
to the “biological information record unit”, and the process-
ing in the steps S108 and S110 in the deceleration start time
detection unit 22 corresponds to the “deceleration start time
detection unit”. Furthermore, the processing in the steps S110
to S115 in the biological information extraction unit 23 cor-
responds to the “biological information extraction unit”, and
the processing in the steps S116 to S118 in the driver’s state
estimation unit 24 corresponds to the “driver’s state estima-
tion unit”.

[0103] (Effects)

[0104] Next, effects of the main part of the first embodi-
ment will be described.

[0105] (1) Inthedriver’s state estimation apparatus accord-
ing to the present embodiment, the biological information of
the driver is recorded by the processing in the biological
information record unit 21, and the deceleration start time tg
when the vehicle in the travelling state starts to decelerate and
stops s detected by the processing in the deceleration start
time detection unit 22. Furthermore, the heart rates R within
the predetermined period recorded before the deceleration
start time tg by the biological information record unit 21 are
referred to, and the pre-deceleration heart rate Rb which is the
representative value of the referred heart rates R is extracted
by the processing of the biological information extraction
unit 23. Furthermore, the heart rates R within the predeter-
mined period recorded after the deceleration start time tg by
the biological information record unit 21 are referred to, and
the post-deceleration heart rate Ra which is the representative
value of the referred heart rates R is extracted. Then, the
pre-deceleration heart rate Rb and the post-deceleration heart
rate Ra extracted by the biological information extraction unit
23 are compared with each other to estimate whether or not
the driver after the deceleration is in the steady state by the
processing in the driver’s state estimation unit 24.

[0106] Inthis way, the pre-deceleration heart rate Rb in the
stable state before the deceleration start time tg and the post-
deceleration heart rate Ra which may change after the decel-
eration start time tg are compared with each other to estimate
the steady state of the driver, and thus it is possible to improve
the estimate accuracy. That is, focusing on the tendency of the
heart rate R of the driver to be stabilized uniformity after the
heart rate R of the driver drops due to the deceleration of the
vehicle, the pre-deceleration heart rate Rb which can be con-
sidered as a heart rate in the stable state and the post-decel-
eration heart rate Ra which may be change are compared with
each other. Thus, it is possible to estimate with high accuracy
whether or not the driver after the deceleration is in the steady
state.
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[0107] (2) Inthedriver’s state estimation apparatus accord-
ing to the present embodiment, when the difference AR
between the pre-deceleration heart rate Rb and the post-de-
celeration heart rate Ra is equal to or larger than the prede-
termined threshold value Rt, it is estimated that the driver
after the deceleration is in the steady state by the processing in
the driver’s state estimation unit 24.

[0108] Inthis way, it is estimated whether or not the driver
after the deceleration is in the steady state by using the mag-
nitude of the difference AR between the pre-deceleration
heart rate Rb and the post-deceleration heart rate Ra, thus it is
easy to estimate whether or not the driver is in the steady state.
[0109] (3) Inthedriver’s state estimation apparatus accord-
ing to the present embodiment, the time prior to the decelera-
tion start time tg by the predetermined time Tr is set as the
pre-deceleration reference start time th1 and the deceleration
start time tg is set as the pre-deceleration reference end time
th2, by the processing in the biological information extraction
unit 23. Then, the heart rates R from the pre-deceleration
reference start time tb1 to the pre-deceleration reference end
time tb2 from the heart rates R recorded by the biological
information record unit 21 are referred to, and the pre-decel-
eration heart rate Rb which is the presentative value of the
referred heart rates R is extracted.

[0110] In this way, the data group of the heart rates R
recorded within the pre-deceleration comparison period Th is
referred to. Thus, it is possible to easily extract the pre-
deceleration heart rate Rb with high reliability, which can be
considered as the heart rate in the steady state before the
deceleration.

[0111] (4) Inthe driver’s state estimation apparatus accord-
ing to the present embodiment, the time when the predeter-
mined time Tfelapses from the deceleration start time tg is set
as the post-deceleration reference start time tal and the time
when the predetermined time Te elapses from the post-decel-
eration reference start time tal is set as the post-deceleration
reference end time ta2, by the processing in the biological
information extraction unit 23. Then, the heart rates R from
the post-deceleration reference start time tal to the post-
deceleration reference end time ta2 from the heart rates R
recorded by the biological information record unit 21 are
referred to, and the post-deceleration heart rate Ra which is
the presentative value of the referred heart rates R is extracted.
[0112] In this way, the data group of the heart rates R
recorded within the post-deceleration comparison period Ta
is referred to. Thus, it is possible to easily extract the post-
deceleration heart rate Ra with high reliability, which can be
considered as the heart rate in the steady state after the vehicle
stops.

[0113] (5) Inthe driver’s state estimation apparatus accord-
ing to the present embodiment, the heart rates R within the
predetermined petiod recorded before the deceleration start
time tg by the biological information record unit 21 are
referred to, and the average value of the referred heart rates R
is extracted as the pre-deceleration heart rate Rb, by the
processing of the biological information extraction unit 23.
Furthermore, the heart rates R within the predetermined
period recorded after the deceleration start time tg by the
biological information record unit 21 are referred to, and the
average value of the referred heart rates R is extracted as the
post-deceleration heart rate Ra.

[0114] Inthisway, the average value of the data group of the
heart rates R recorded within the pre-deceleration compari-
son period Tb is extracted as the pre-deceleration heart rate

Jul. 23, 2015

Rb. Thus, it is possible to easily extract the statistically rep-
resentative value averaging the dispersion in the data
observed within the pre-deceleration comparison period Th.
Furthermore, the average value of the data group of the heart
rates R recorded within the post-deceleration comparison
period Ta is extracted as the post-deceleration heart rate Ra.
Thus, it is possible to easily extract the statistically represen-
tative value averaging the dispersion in the data observed
within the post-deceleration comparison period Ta.

[0115] (6) Inthedriver’s state estimation apparatus accord-
ing to the present embodiment, the heart rate R of the driver is
recorded as the biological information, by the processing in
the biological information record unit 21.

[0116] Inthis way, the heart rate R which is affected by the
autonomic nerve is recorded. Thus, it is possible to estimate
with high accuracy whether or not the driver after the decel-
eration is in the steady state.

[0117] (7) Inthedriver’s state estimation apparatus accord-
ing to the present embodiment, the reaction time Tx from the
time when the driver recognizes that the vehicle needs to stop
until the time when the driver starts the deceleration operation
is preset by the processing of the deceleration start time
detection unit 22. Then, the time prior to the time tg when the
driver starts the deceleration operation by the reaction time
Tx is detected as the deceleration start time tg'.

[0118] Inthis way, the deceleration start time tg' is detected
by adding the reaction time Tx from the time when the driver
recognizes that the vehicle needs to stop until the time when
the driver starts the deceleration operation. Therefore, it is
possible to correctly set the post-deceleration comparison
period Ta, and thus it is possible to improve the estimate
accuracy of the steady state.

[0119] (8) Inthedriver’s state estimation method according
to the present embodiment, the heart rate R is recorded, and
the deceleration start time tg when the vehicle inthe travelling
state starts to decelerate and stops is detected. Then, the heart
rates R within the predetermined period recorded before the
deceleration start time tg are referred to, and the pre-decel-
eration heart rate Rb which is the representative value of the
referred heart rates R is extracted. And, the heart rates R
within the predetermined period recorded after the decelera-
tion start time tg are referred to, and the post-deceleration
heart rate Ra which is the representative value of the referred
heart rates R is extracted. Then, the pre-deceleration heart rate
Rb and the post-deceleration heart rate Ra are compared with
each other to estimate whether or not the driver after the
deceleration is in the steady state.

[0120] Inthis way, the pre-deceleration heart rate Rb in the
stable state before the deceleration start time tg and the post-
deceleration heart rate Ra which may change after the decel-
eration start time tg are compared with each other to estimate
the steady state of the driver, and thus it is possible to improve
the estimate accuracy. That is, focusing on the tendency of the
heart rate R of the driver to be stabilized uniformity after the
heart rate R of the driver drops due to the deceleration of the
vehicle, the pre-deceleration heart rate Rb which can be con-
sidered as a heart rate in the stable state and the post-decel-
eration heart rate Ra which may change are compared with
each other. Thus, it is possible to estimate with high accuracy
whether or not the driver after the deceleration is in the steady
state.

Second Embodiment

[0121] (Configuration)
[0122] The present embodiment estimates whether or not
the driver after the deceleration is in the steady state with high
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accuracy, and acquires driver’s information when the driver is
in the steady state.

[0123] Herein, only the differences from the above-men-
tioned first embodiment will be described, and descriptions
on the identical elements are omitted.

[0124] Hereinafter, the driver’s state estimation processing
performed by the controller 17 will be described.

[0125] First, the driver’s state estimation processing of the
second embodiment will be described based on a block dia-
gram.

[0126] FIG. 7 is the block diagram illustrating the driver’s

state estimation processing of the second embodiment.
[0127] In the second embodiment. the above-mentioned
processing in the biological information record unit 21, the
biological information extraction unit 23, and the driver’s
state estimation unit 24 are modified, and a driver’s informa-
tion acquisition unit 25 is added. With regard to the other
processing, the second embodiment is the same as the above-
mentioned first embodiment, thus, descriptions thereof are
omitted.

[0128] Thebiological information record unit 21 is config-
ured to calculate the blood-pressure value P in addition to the
heart rate R, and to record the blood-pressure value P as the
biological information, too. The biological information
record unit 21 is configured to accumulate the blood-pressure
values P with time information in a nonvolatile memory and
manage them.

[0129] In the present embodiment, the blood-pressure
value P is calculated based on a pulse transmission time Tp,
by utilizing a negative correlation between the blood-pressure
value P and the pulse transmission time Tp which is a time
from the pumping of the heart until the pulse arrives at the
periphery.

[0130] FIG. 8A and FIG. 8B are views illustrating a calcu-
lation method of the blood-pressure value P.

[0131] FIG. 8A illustrates the pulse transmission time Tp
depending on the pulse wave and the electrocardiographic
waveform. FIG. 8B illustrates the blood-pressure value P
depending on the pulse transmission time Tp. Furthermore, in
FIG. 8A, the time t1 when a peak value of electrocardio-
graphic waveform appears is the time of the pumping of the
heart. The time t2 when a peak value of the pulse wave
appears is the time when the pulse arrives at the periphery.
The difference (t2-t1) between the peak time t2 of the pulse
wave and the peak time t1 of the electrocardiographic wave-
form is the pulse transmission time Tp. Furthermore, as illus-
trated in FIG. 8B, the pulse transmission time Tp and blood-
pressure value P have a relationship of P=o- Tp+f. The blood-
pressure value P is calculated on the basis of the pulse
transmission time Tp in accordance with the relationship
expression.

[0132] What is described above is the record processing of
the blood-pressure value P by the biological information
record unit 21.

[0133] Thebiological information extraction unit 23 is con-
figured to refer the blood-pressure values P within a prede-
termined post-deceleration stability period Ts recorded after
the deceleration start time tg by the biological information
record unit 21, and extract an average change rate p and a
standard deviation o of the referred pressure values P.
[0134] FIG. 9is a time chart illustrating the post-decelera-
tion stability period Ts.

[0135] A time when a predetermined time Th elapses from
the deceleration start time tg is set as a stability period refer-
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ence start time ts1 (tg+Th=ts1), and a time when the prede-
termined time Ti elapses from the stability period reference
start time ts1 is set as a stability period reference end time ts2
(ts1+Ti=ts2). Herein, the time Th corresponds to a time from
the start of the deceleration until the heart rate R which has
changed starts to stabilize again. Then, a period from the
stability period reference start time ts1 to the stability period
reference end time ts2 is set as the post-deceleration stability
period Ts (ts2-ts1=Ts=T1).

[0136] Then, the data group of the pressure values P
recorded within the post-deceleration stability period Ts is
referred to, and the average change rate p and the standard
deviation o of the pressure values P are extracted.

[0137] Whatis described above is the extraction processing
of the average change rate p and the standard deviation o by
the biological information extraction unit 23.

[0138] Thedriver’s state estimation unit 24 is configured to
estimate that the driver after the deceleration is in the steady
state when the difference AR between the pre-deceleration
heart rate Rb and the post-deceleration heart rate Ra is equal
to or larger than the predetermined threshold Rt and when the
average change rate p is smaller than the predetermined
threshold value pt. Or, the driver’s state estimation unit 24 is
configured to estimate that the driver after the deceleration is
in the steady state when the difference AR between the pre-
deceleration heart rate Rb and the post-deceleration heart rate
Ra is equal to or larger than the predetermined threshold Rt
and when the standard deviation o is smaller than the prede-
termined threshold value ot.

[0139] The driver’s information acquisition unit 25 is con-
figured to acquire at least one of blood-pressure information,
electrocardiogram information, heart rate information, respi-
ratory information, pulse wave information, electrodermal
activity information, body temperature information, facial
expression information, and utterance information of the
driver as the driver’s information when it is estimated by the
driver’s state estimation unit 24 that the driver after the decel-
eration is in the steady state.

[0140] What is described above is the descriptions of the
drive’s state estimation processing based on the block dia-
gram in FIG. 7.

[0141] Next, the driver’s state estimation processing of the
second embodiment will be described based on a flowchart.

[0142] FIG. 10is the flowchartillustrating the driver’s state
estimation processing of the second embodiment.

[0143] Herein, the processing of the above-mentioned step
S114 is changed to new processing of the step S201, and new
processing of the steps S202 to S205 is added. With respect to
the processing of the other steps S101 to S120, and S100, the
second embodiment is the same as the above-mentioned first
embodiment, thus, descriptions thereof are omitted.

[0144] Inthe step S201, it is determined whether or not the
time (Th+Ti) has elapsed from the deceleration start time tg.
The time Th corresponds to a time from the start of the
deceleration until the heart rate R which has changed starts to
stabilize again. Now, when the time (Th+Ti) has not elapsed
vyet, it is determined that the post-deceleration stability period
Ts has not elapsed, and thus it is not possible to extract the
average change rate p and the standard deviation o of the
pressure values P. Then, the processing returns to the prede-
termined main program. On the other hand, when the time
(Th+Ti) has elapsed, it is determined that it is possible to
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extract the average change rate p and the standard deviation o
of the pressure values P. Then, the processing proceeds to the
step S115.

[0145] In the step S202 corresponding to the processing of
the biological information extraction unit 23, the blood-pres-
sure values P within the predetermined post-deceleration sta-
bility period Ts recorded after the deceleration start time tg by
the biological information record unit 21 are referred to, and
the average change rate p and the standard deviation o of the
referred pressure values P are extracted. Then, the processing
proceeds to the step S116.

[0146] In the step S203 corresponding to the processing of
the driver’s state estimation unit 24, it is determined whether
or not the average change rate p of the pressure values P is
smaller than the predetermined threshold pt. Now, when the
average change rate p of the pressure values P is smaller than
the predetermined threshold pt, it is estimated that the driver
after the deceleration is in the steady state, and then the
processing proceeds to the step S117. On the other hand,
when the average change rate p of the pressure values P is
equal to or lager than the predetermined threshold pt, it is
estimated that the driver after the deceleration may not be in
the steady state, and then the processing proceeds to the step
S204.

[0147] In the step S204 corresponding to the processing of
the driver’s state estimation unit 24, it is determined whether
or not the standard deviation o of the pressure values P is
smaller than the predetermined threshold ot. Now, when the
standard deviation o of the pressure values P is smaller than
the predetermined threshold of, it is estimated that the driver
after the deceleration is in the steady state, and then the
processing proceeds to the step S117. On the other hand,
when the standard deviation o of the pressure values P is
equal to or lager than the predetermined threshold ot, it is
estimated that the driver after the deceleration may not be in
the steady state, and then the processing proceeds to the step
S118.

[0148] In the step S205 corresponding to the processing of
the driver’s information acquisition unit 25, at least one of the
blood-pressure information, the electrocardiogram informa-
tion, the heart rate information, the respiratory information,
the pulse wave information, the electrodermal activity infor-
mation, the body temperature information, the facial expres-
sion information, and the utterance information of the driver
is acquired as the driver’s information, and then the process-
ing proceeds to the step S119.

[0149] What is described above is the descriptions of the
driver’s state estimation processing based on the flowchart in
FIG. 10.

[0150] (Operation)

[0151] Next, the operation of the second embodiment will
be described.

[0152] In the present embodiment, it is estimated whether

or not the driver after the deceleration is in the steady state on
the basis of not only the difference AR between the pre-
deceleration heart rate Rb and the post-deceleration heart rate
Ra but also the average change rate p and the standard devia-
tion o of the pressure values P. That is, when the time (Th+Ti)
has elapsed from the deceleration start time tg (“Yes” in the
determination in the step S201), the average change rate p and
the standard deviation o of the pressure values P are extracted.
[0153] Then, it is estimated that the driver after the decel-
eration is surely in the steady state when the difference AR
between the pre-deceleration heart rate Rb and the post-de-
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celeration heart rate Ra is equal to or larger than the prede-
termined threshold Rt (““Yes” in the determination in the step
S116) and when the average change rate p of the pressure
values P is smaller than the predetermined threshold value pt
(“Yes” in the determination in the step S203). In this situation,
even when the average change rate p of the pressure values P
is equal to or larger than the predetermined threshold value pt
(“No” in the determination in the step S203), when the stan-
dard deviation o of the pressure values P is smaller than the
predetermined threshold value ot (“Yes” in the determination
in the step S204), it is estimated that the driver after the
deceleration is surely in the steady state.

[0154] By considering not only the difference AR between
the pre-deceleration heart rate Rb and the post-deceleration
heart rate Ra but also the average change rate p and the
standard deviation o of the pressure values P in this way, it is
possible to estimate more accurately whether or not the driver
after the deceleration is in the steady state.

[0155] As described above, when it is estimated that the
driver after the deceleration is surely in the steady state, it
means that the driver is relaxed and is in normal state. There-
fore, the information on the driver at the time should be
acquired. For example, the information on the driver to be
acquired may be the blood-pressure information, the electro-
cardiogram information, the heart rate information, the res-
piratory information, the pulse wave information, the electro-
dermal activity information, the body temperature
information, the facial expression information, and the utter-
ance information of the driver. By acquiring this information,
it is possible to know the normal state where the drive is
relaxed.

[0156] Inthe above description, the processing in the steps
S203 and S204 is included in the “driver’s state estimation
unit”, and the processing in the step S205 in the driver’s
information acquisition unit 25 corresponds to the “driver’s
information acquisition unit”.

[0157] (Effect)

[0158] Next, effects of the main part of the second embodi-
ment will be described.

[0159] (1) Inthedriver’s state estimation apparatus accord-
ing to the present embodiment, it is estimated that the driver
after the deceleration is in the steady state by the processing in
the 24, when the difference AR between the pre-deceleration
heart rate Rb and the post-deceleration heart rate Ra is larger
than the predetermined threshold Rt, and the average change
rate p of the blood-pressure values P from the stability period
reference start time ts1 to the stability period reference end
time ts2 referred from the blood-pressure values P recorded
by the biological information record unit 21 is smaller than
the threshold value pt.

[0160] By considering not only the difference AR between
the pre-deceleration heart rate Rb and the post-deceleration
heart rate Ra but also the average change rate p of the pressure
values P in this way, it is possible to estimate more accurately
whether or not the driver after the deceleration is in the steady
state.

[0161] (2) Inthedriver’s state estimation apparatus accord-
ing to the present embodiment, it is estimated that the driver
after the deceleration is in the steady state by the processing in
the driver’s state estimation unit 24, when the difference AR
between the pre-deceleration heart rate Rb and the post-de-
celeration heart rate Ra is larger than the predetermined
threshold Rt and the standard deviation o of the blood-pres-
sure values P from the stability period reference start time ts1
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to the stability period reference end time ts2 referred from the
blood-pressure values P recorded by the biological informa-
tion record unit 21 is smaller than the threshold value ot.
[0162] By considering not only the difference AR between
the pre-deceleration heart rate Rb and the post-deceleration
heart rate Ra but also the standard deviation ¢ of the pressure
values P in this way, it is possible to estimate more accurately
whether or not the driver after the deceleration is in the steady
state.

[0163] (3) Inthe driver’s state estimation apparatus accord-
ing to the present embodiment, at least one of the blood-
pressure information, the electrocardiogram information, the
heart rate information, the respiratory information, the pulse
wave information, the electrodermal activity information, the
body temperature information, the facial expression informa-
tion, and the utterance information of the driver is acquired as
the driver’s information, by the processing in the driver’s
information acquisition unit 25, when it is estimated by the
driver’s state estimation unit 24 that the driver after the decel-
eration is in the steady state.

[0164] By acquiring the driver’s information when it is
estimated that the driver after the deceleration is in the steady
state, it is possible to know the normal state where the drive is
relaxed.

Third Embodiment
[0165] (Configuration)
[0166] The present embodiment records and utilizes the

driver’s information acquired when it is estimated that the
driver after the deceleration is in the steady state.

[0167] Herein, only the differences from the above-men-
tioned second embodiment will be described, and descrip-
tions on the identical elements are omitted.

[0168] Hereinafter, the driver’s state estimation processing
performed by the controller 17 will be described.

[0169] First, the driver’s state estimation processing of the
third embodiment will be described based on a block dia-
gram.

[0170] FIG. 11 is the block diagram illustrating the driver’s

state estimation processing of the third embodiment.

[0171] In the third embodiment, a driver’s information
record unit 26 is added. With regard to the other processing,
the third embodiment is the same as the above-mentioned
second embodiment, thus, descriptions thereof are omitted.
[0172] The driver’s information record unit 26 is config-
ured to record the driver’s information acquired by the driv-
er’s information acquisition unit 25 in association with date-
time information and current location information of the
vehicle. Recording of this information is not limited to
recording in an in-vehicle recording device, such as, the
DVD-ROM drive, the hard disk drive, a flash memory drive,
or the like. This information may be recorded in a personal
digital assistance, a portable audio device, or the like, having
a communication function

[0173] The driver’s information record unit 26 is config-
ured to further classify the driver’s information on the basis of
the date-time information and the current location informa-
tion and to refer to the driver’s information recorded in the
past time, and to extract the driver’s information under the
same condition of date, time, traveling path, or the like, and to
extract transition of the driver’s information in the steady
state. Furthermore, the driver’s information record unit 26 is
configured to extract the driver’s information under the same
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condition of date, time, traveling path, or the like, to estimate
the state of the driver in the future.

[0174] What is described above is the descriptions of the
driver’s state estimation processing based on the block dia-
gram in FIG. 11.

[0175] Next, the driver’s state estimation processing of the
third embodiment will be described based on a flowchart.
[0176] FIG. 12 is the flowchartillustrating the dtiver’s state
estimation processing of the third embodiment.

[0177] Herein, a new processing of the step S301 is added
after the above-mentioned step S205. With respect to the
processing of the steps S101 to S120, S100, and S201 to
8205, the third embodiment is the same as the above-men-
tioned second embodiment, thus, descriptions thereof are
omitted.

[0178] In the step 301 corresponding to the driver’s infor-
mation record unit 26, the driver’s information acquired by
the driver’s information acquisition unit 25 is recorded in
association with the date-time information and the current
location information of the vehicle, then the processing pro-
ceeds to the step S119.

[0179] What is described above is the descriptions of the
driver’s state estimation processing based on the flowchart in
FIG. 12.

[0180] (Operation)

[0181] Next, the operation of the third embodiment will be
described.

[0182] Since when it is estimated that the driver after the

deceleration is surely in the steady state, the driver is relaxed
and is innormal state. Therefore, the information on the driver
at the time is acquired and recorded in association with the
date-time information and the current location information
(the step S301).

[0183] This makes it possible to analyze the transition of
the driver’s state or to estimate how the driver’s state will
change in the feature, when extracting the driver’s informa-
tion in the past on the basis of the date-time information and
the current location information.

[0184] In the above description, the processing in the step
S301 in the driver’s information record unit 26 corresponds to
the “driver’s information record unit”.

[0185] (Effect)

[0186] Next, an effect of the main part of the third embodi-
ment will be described.

[0187] (1) Inthedriver’s state estimation apparatus accord-
ing to the present embodiment, the driver’s information
acquired by the driver’s information acquisition unit 25 is
recorded in association with the date-time information and
the current location information of the vehicle, by the pro-
cessing in the driver’s information record unit 26.

[0188] By recording the driver’s information when it is
estimated that the driver is surely in the steady state in this
way, itis possible to analyze the transition of the driver’s state
or to estimate how the driver’s state will change in the feature,
when extracting the driver’s information in the past on the
basis of the date-time information and the current location
information.

[0189] Whilethe present invention has been described with
reference to the definite number of embodiments, the scope of
the present invention is not limited thereto and improvements
and modifications of the embodiments based on the above
disclosure are obvious to those skilled in the art. Those skilled
in the art, having benefit of this disclosure, will appreciate that
other embodiments can be devised which do not depart from
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the scope of the invention as disclosed herein. Accordingly,
the scope of the invention should be limited only by the
attached claims.

REFERENCE SIGNS LIST
[0190] 11 pulse wave sensor
[0191] 12 electrocardiographic monitor
[0192] 13 vehicle speed sensor
[0193] 14 brake switch
[0194] 15 acceleration sensor
[0195] 16 navigation system
[0196] 17 controller
[0197] 21 biological information record unit
[0198] 22 deceleration start time detection unit
[0199] 23 biological information extraction unit
[0200] 24 driver’s state estimation unit
[0201] 25 driver’s information acquisition unit
[0202] 26 driver’s information record unit

1. A driver’s state estimation apparatus comprising:

a biological information record unit configured to record

biological information of a driver;

adeceleration start time detection unit configured to detect

a deceleration start time when a vehicle in a travelling
state starts to decelerate and stops;

abiological information extraction unit configured to refer

to the biological information within a predetermined
period recorded by the biological information record
unit before the deceleration start time detected by the
deceleration start time detection unit to extract pre-de-
celeration biological information which is a representa-
tive value of the referred biological information, and to
refer to the biological information within a predeter-
mined period recorded by the biological information
record unit after the deceleration start time to extract
post-deceleration biological information which is a rep-
resentative value of the referred biological information;
and

a driver’s state estimation unit configured to compare the

pre-deceleration biological information and the post-
deceleration biological information extracted by the bio-
logical information extraction unit to estimate whether
or not the driver after deceleration is in a steady state.

2. The driver’s state estimation apparatus according to
claim 1, wherein the driver’s state estimation unit is config-
ured to estimate that the driver after the deceleration is in the
steady state when a difference between the pre-deceleration
biological information and the post-deceleration biological
information is larger than a predetermined difference thresh-
old.

3. The driver’s state estimation apparatus according to
claim 1, wherein the biological information extraction unit is
configured:

to set a time prior to the deceleration start time by a prede-

termined time as a pre-deceleration reference start time;
to set the deceleration start time as a pre-deceleration ref-
erence end time; and

to refer the biological information from the pre-decelera-

tion reference start time to the pre-deceleration refer-
ence end time from the biological information recorded
by the biological information record unit to extract the
pre-deceleration biological information which is the
presentative value of the referred biological informa-
tion.
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4. The driver’s state estimation apparatus according to
claim 1, wherein the biological information extraction unit is
configured:

to set a time when a predetermined time elapses from the

deceleration start time as a post-deceleration reference
start time;

to set a time when a predetermined time elapses from the

post-deceleration reference start time as a post-decelera-
tion reference end time; and

to refer the biological information from the post-decelera-

tion reference start time to the post-deceleration refer-
ence end time from the biological information recorded
by the biological information record unit to extract the
post-deceleration biological information which is the
presentative value of the referred biological informa-
tion.

5. The driver’s state estimation apparatus according to
claim 1, wherein the driver’s state estimation unit is config-
ured:

to set a time when a predetermined time elapses from the

deceleration start time as a stability period reference
start time;

to set a time when a predetermined time elapses from the

stability period reference start time as a stability period
reference end time;

to estimate that the driver after the deceleration is in the

steady state when the difference between the pre-decel-
eration biological information and the post-deceleration
biological information is larger than the predetermined
difference threshold, and when an average change rate of
the biological information from the stability period ref-
erence start time to the stability period reference end
time referred from the biological information recorded
by the biological information record unit is smaller than
an average change ratio threshold.

6. The driver’s state estimation apparatus according to
claim 1, wherein the driver’s state estimation unit is config-
ured:

to set a time when a predetermined time elapses from the

deceleration start time as a stability period reference
start time;

to set a time when a predetermined time elapses from the

stability period reference start time as a stability period
reference end time;

to estimate that the driver after the deceleration is in the

steady state when the difference between the pre-decel-
eration biological information and the post-deceleration
biological information is larger than the predetermined
difference threshold, and when a standard deviation of
the biological information from the stability period ref-
erence start time to the stability period reference end
time referred from the biological information recorded
by the biological information record unit is smaller than
the standard deviation threshold.

7. The driver’s state estimation apparatus according to
claim 1, wherein the biological information extraction unit is
configured to refer the biological information within the pre-
determined period recorded before the deceleration start time
by the biological information record unit to extract an average
value of the referred biological information as the pre-decel-
eration biological information, and to refer the biological
information within the predetermined period recorded after
the deceleration start time by the biological information
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record unit to extract an average value of the referred biologi-
cal information as the post-deceleration biological informa-
tion.

8. The driver’s state estimation apparatus according to
claim 1, wherein the biological information record unit is
configured to record a heart rate of the driver as the biological
information.

9. The driver’s state estimation apparatus according to
claim 1, wherein further comprising a driver’s information
acquisition unit configured to acquire at least one of blood-
pressure information, electrocardiogram information, heart
rate information, respiratory information, pulse wave infor-
mation, electrodermal activity information, body temperature
information, facial expression information, and utterance
information of the driver as driver’s information, when it is
estimated that the driver after the deceleration is in the steady
state by the driver’s state estimation unit.
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10. The driver’s state estimation apparatus according to
claim 9, wherein further comprising a driver’s information
record unit configured to record the driver’s information
acquired by the driver’s information acquisition unit in asso-
ciation with date-time information and current location infor-
mation of the vehicle.

11. The driver’s state estimation apparatus according to
claim 1, wherein the deceleration start time detection unit is
configured to preset a reaction time from a time when the
driver recognizes that the vehicle needs to stop until a time
when the driver starts a deceleration operation, and to detect
atime prior to the time when the driver starts the deceleration
operation by the reaction time is detected as the deceleration
start time.

12. (canceled)
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