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(7) ABSTRACT

A vehicle device receives image data transmitted from a
compartment camera photographing a driver. The vehicle
device analyzes the image data received from the compart-
ment camera, and detects a heart rate of the driver. The
vehicle device wirelessly communicates with one or more
wearable devices possessed by one or more people who ride
on a vehicle. The vehicle device identifies a wearable device
possessed by the driver by comparing biometric information
transmitted from the one or more wearable devices with the
heart rate of the driver.
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VEHICLE DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of International Patent Application No. PCT/JP2017/
019016 filed on May 22, 2017, which designated the United
States and claims the benefit of priority from Japanese
Patent Application No. 2016-115310 filed on Jun. 9, 2016.
The entire disclosures of all of the above applications are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a vehicle device
that communicates with wearable devices possessed by
people who ride on a vehicle.

BACKGROUND ART

[0003] A vehicle device that identifies a wearable device
of a driver among multiple wearable devices brought into a
vehicle has been provided.

SUMMARY

[0004] In the present disclosure, a vehicle device is pro-
vided. The vehicle device identifies a wearable device
possessed by a driver by comparing biometric information
transmitted from one or more wearable devices brought into
a vehicle with the heart rate of the driver.

BRIEF DESCRIPTION OF DRAWINGS

[0005] The above and other objects, features and advan-
tages of the present invention will become more apparent
from the following detailed description made with reference
to the accompanying drawings. In the drawings:

[0006] FIG.11isablock diagram showing a vehicle system
according to a first embodiment;

[0007] FIG. 2 is a block diagram showing a wearable
device;
[0008] FIG. 3 is a flowchart showing a wearable device

connection control;

[0009] FIG. 4 is a flowchart showing an association con-
trol;
[0010] FIG. 5is a diagram showing a change in heart rate

detected by a wearable device;

[0011] FIG. 6 is a diagram showing a change in heart rate
detected by a different wearable device;

[0012] FIG. 7 is a diagram showing a change in heart rate
detected based on a face image of a driver and a change in
emotion determined based on the face image of the driver;
[0013] FIG. 8A is a diagram showing an example of
content displayed on a display portion during an association
processing;

[0014] FIG. 8B is a diagram showing an example of
content displayed on the display portion during the associa-
tion processing; and

[0015] FIG. 8C is a diagram showing an example of
content displayed on the display portion during the associa-
tion processing.

DETAILED DESCRIPTION

[0016] A number of people can ride on the vehicle, so that
there is a possibility that multiple wearable devices are
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brought into the vehicle. Thus, a technique that identifies a
wearable device of a driver among the multiple wearable
devices brought into the vehicle has been required.

[0017] Forexample, in a device, a face image of the driver
is registered in a portable terminal (corresponding to a
wearable device). The device compares a face image of the
driver photographed by a vehicle camera with the face
image registered in the portable terminal. When the face
images match, the device determines that the portable ter-
minal in which the matched face image is registered is
possessed by the driver.

[0018] Further, in another device, multiple seating posi-
tions in a vehicle are associated with the multiple portable
terminals. When the driver sits in the driver’s seat, the
portable terminal associated with the seat position of the
driver’s seat is determined as the mobile terminal of the
driver.

[0019] In the former device, the face image of the driver
is not registered in the normal wearable device, so that there
is a difficulty in communicating with the wearable device.
Further, in the latter device, when another person different
from the usual driver is seated in the driver’s seat, the
correspondence between the seat position and the portable
terminal changes. Thus, when the correspondence has not
been updated, there is a possibility that the device performs
erroneous determination.

[0020] The present disclosure provides a vehicle device
capable of determining a wearable device possessed by a
driver when multiple wearable devices are brought into the
vehicle.

First Embodiment

[0021] The first embodiment of the present disclosure will
be described with reference to FIGS. 1 to 8. As shown in
FIG. 1, a vehicle system 1 of the present embodiment
includes a compartment camera 2, a wearable device 4
possessed by a driver 3, a wearable device 6 possessed by a
passenger 5, and a vehicle device 7.

[0022] The compartment camera 2 is provided by a cam-
era for photographing the face of the driver 3 sitting in the
driver’s seat. The compartment camera 2 may be provided
by a 2D camera (for example, an RGB camera), a 3D camera
(for example, an infrared camera), or a camera that includes
both the 2D camera and the 3D camera. The image data of
the driver 3 photographed by the compartment camera 2 is
transmitted to the vehicle device 7 using a video transmis-
sion technique such as [VDS (Low Voltage Differential
Signaling).

[0023] The wearable device 4 of the driver 3 is provided
by a wristband (including a watch), eyeglasses, clothes or
the like, and is worn by the driver 3. The wearable device 4
includes a sensor that detects biometric information such as
heart rate, body temperature, pulse rate, or blood pressure of
the driver 3. The wearable device 4 transmits the detected
biometric information data to the vehicle device 7 by
wireless communication (for example, Bluetooth wireless
standard). Bluetooth is a registered trademark. In the present
embodiment, BLE (Bluetooth Low Energy) may be
employed among Bluetooth wireless standards. Alterna-
tively, the communication may be performed using another
wireless standard such as wireless LAN.

[0024] As shown in FIG. 2, the wearable device 4 includes
a sensor portion 8, a storage portion 9, a wireless commu-
nication portion 10, and a control portion 11. The sensor
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portion 8 includes a heart rate sensor 84, a body temperature
sensor 8b, a pulse rate sensor 8¢, and a blood pressure sensor
8d. The storage portion 9 is provided by a RAM, a ROM, a
flash memory, or the like. The storage portion 9 stores an ID
12 of the wearable device 4, and temporarily stores various
types of data for control and various types of biometric
information data detected by sensor portion 8. The wireless
communication portion 10 wirelessly communicates with
the vehicle device 7 according to the wireless standard of
BLE. The control portion 11 controls the entire wearable
device 4.

[0025] Multiple people are capable of riding on the vehicle
as the passengers 5, and each of the passengers 5 is capable
of possessing the wearable device 6. Thus, multiple wear-
able devices 6 may be brought into the vehicle, and each of
the multiple wearable devices 6 is capable of wirelessly
communicating with the vehicle device 7. The configuration
of the wearable device 6 is similar to the configuration of the
wearable device 4 shown in FIG. 2. Each of the wearable
devices 4, 6 has a unique ID 12 which is capable of being
identified from one another.

[0026] The vehicle device 7 may be provided by a car
navigation device. The vehicle device 7 includes a wireless
communication portion 13, a video processing portion 14, a
display portion 15, a memory portion 16, and a control
portion 17. The vehicle device 7 further includes a position
detection portion, a destination input portion, a route calcu-
lation portion, a route guide portion, and a map data input
portion, each of which is included in a normal car navigation
device. The position detection portion, the destination input
portion, the route calculation portion, the route guide por-
tion, and the map data input portion are not shown in FIG.
1.

[0027] The wireless communication portion 13 wirelessly
communicates with each of the wearable devices 4, 6
brought into the vehicle according to the wireless standard
of, for example, BLE. The wireless communication portion
13 receives various types of biometric information data and
the like detected by the sensor portion 8 of each of the
wearable devices 4, 6. Various types of received biometric
information data and the like are stored and accumulated in
the storage portion 16 by each of the wearable devices 4, 6.
[0028] The image processing portion 14 receives the face
image data of the driver 3 photographed by the compartment
camera 2. The video processing portion 14 analyzes the
received face image data of the driver 3 so as to identify the
driver 3, determine the emotion of the driver 3, detect the
heart rate of the driver 3, and detect the visual line of the
driver 3. The video processing portion 14 corresponds to an
image processing portion.

[0029] In the configuration, the processing of identifying
the driver 3 based on the face image data of the driver 3 is
categorized in a biometric authentication processing. In
advance, the video processing portion 14 analyzes a shape or
a position of each of multiple feature points, such as an
outline, an eye, a nose, or a mouth, in the photographed face
image of the driver 3, and stores the analyzed data of the
shape or the position of each of the multiple feature points
in the storage portion 16 as personal data of the driver 3.
When identifying the driver 3 based on the received face
image data of the driver 3, the video processing portion 14
analyzes the received face image data of the driver 3, and
compares the analyzed image data with the personal data
stored in the storage portion 16 with respect to the data of the
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shape or the position of each of the multiple feature points.
Thus, the configuration is capable of identifying the driver
3. The compartment camera 2 may be provided by the 2D
camera. When the compartment camera 2 is provided by the
3D camera (that is, the infrared camera), the face stereo-
scopic information is capable of being analyzed and com-
pared with the personal data. Thus, the 3D camera can
improve the accuracy of individual identification.

[0030] For the processing of determining the emotion of
the driver 3 based on the face image data of the driver 3, the
technique described in JP 2015-169980 A may be employed.
In the technique, the motion of the eyebrow, the mouth, the
head, the eye or the like in the face of the driver 3 is
captured. Thus, the configuration is capable of determining
the emotion of the driver 3, such as “angry”, “scared”,
“enjoying,” “sad,” “surprised”, or “calm”.

[0031] In addition, in the processing of detecting (that is,
grasping) the heart rate of the driver 3 based on the face
image data of the driver 3, the technique of XboxOne kinect
may be employed. XboxOne kinect is a registered trade-
mark. In this technique, the 2D camera and the 3D camera
of the compartment camera 2 photographs the skin of the
driver 3. With the configuration, the heart rate, the pulse rate,
or the like can be measured based on subtle change of the
blood flow. The technique for measuring the pulse rate in
real time based on the face image, which is developed by
Fujitsu Ltd., may be employed.

[0032] The display portion 15 may be provided by a liquid
crystal display or the like, and displays various types of
messages, images, maps, routes, and the like. The storage
portion 16 is provided by a RAM, a ROM, a flash memory,
or the like. The storage portion 16 stores the personal data
of the driver 3, the device information of the vehicle device
7, the face image data of the driver 3, the biometric infor-
mation data of the driver 3, the biometric information data
of the passenger 5, various types of the application pro-
grams, various types of the control data, or the like. The
control portion 17 controls the entire vehicle device 7. The
control portion 17 functions as a wearable device identifi-
cation portion, an activation portion, a determination por-
tion, and a driver seat determination portion.

[0033] Next, the operation of the above configuration will
be described with reference to FIG. 3 to FIG. 8C. The
flowcharts of FIG. 3 and FIG. 4 show the control of the
vehicle device 7. In S10 of FIG. 3, the user may turn on an
ignition switch (that is, IGON), turn on an accessory switch
(that is, ACCON), or open the door (that is, door open), and
the vehicle device 7 receives a wakeup signal by CAN
(Controller Area Network) communication. With this con-
figuration, the vehicle device 7 is turned on and the vehicle
device 7 is activated.

[0034] In S20, the vehicle device 7 is wirelessly connected
with the wearable devices 4, 6 brought into the vehicle. In
S30, the control portion 17 of the vehicle device 7 deter-
mines whether there is the wearable device 4 that has been
associated with the driver 3 among the wirelessly connected
wearable devices 4, 6. The association processing between
the driver 3 and the wearable device 4 will be described later.
[0035] When the control portion 17 of the vehicle device
7 determines that there is the wearable device 4 that has been
associated with the driver 3 (S30:YES), the procedure
proceeds to S40. In S40, the control portion 17 of the vehicle
device 7 determines that the person (that is, the driver 3)
associated with the wearable device 4 is sitting in the
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driver’s seat based on the face image of the driver photo-
graphed by the compartment camera 2. When the control
portion 17 of the vehicle device 7 determines that the
associated driver 3 is sitting in the driver’s seat (S40:YES),
the procedure proceeds to S50. In S50, the vehicle device 7
acquires the biometric information, such as the heart rate,
the body temperature, the pulse rate, or the blood pressure of
the driver 3 from the wearable device 4 of the driver 3, and
stores the biometric information in the storage portion 16.

[0036] In S60, the control portion 17 of the vehicle device
7 activates an application program that executes a predeter-
mined processing using the biometric information of the
driver 3. In this case, an application program that urges the
driver to pay attention to the safe driving using the heart rate
or the like of the driver 3 may be executed. Then, the control
ends. In S40, when the control portion 17 of the vehicle
device 7 determines that the driver 3 associated with the
wearable device 4 is not sitting in the driver’s seat, the
control portion 17 of the vehicle device 7 does not activate
the application program and the control ends.

[0037] In S30, the control portion 17 of the vehicle device
7 determines that there is no wearable device 4 that has been
associated with the driver 3, the procedure proceeds to S70.
In S§70, the vehicle device 7 executes the processing (that is,
control) which associates the driver 3 with the wearable
device 4.

[0038] The association processing between the driver 3
and the wearable device 4 will be described with reference
to the flowchart of FIG. 4. In S110 of FIG. 4, the wireless
communication portion 13 of the vehicle device 7 acquires
the biometric information, such as the heart rate, the body
temperature, the pulse rate, the blood pressure from all the
wearable devices 4, 6 in the vehicle, and stores the biometric
information in the storage portion 16.

[0039] In S120, the compartment camera 2 photographs
the face of the driver 3, the video processing portion 14 of
the vehicle device 7 receives the photographed face image of
the driver 3, and analyzes the received face image of the
driver 3. With this configuration, the video processing
portion 14 of the vehicle device 7 acquires the information
of the heart rate of the driver 3, the information of the
emotion determination of the driver 3, or the like, and stores
the information in the storage portion 16.

[0040] In S130, the control portion 17 of the vehicle
device 7 determines whether the biometric information (for
example, the heart rate) acquired from the wearable devices
4, 6 matches the biometric information (for example, the
heart rate) acquired from the face image photographed by
the compartment camera 2. In this case, for example, the
heart rate detection data acquired from the wearable device
4 may change as shown in FIG. 5. The heart rate detection
data acquired from the wearable device 6 may change as
shown in FIG. 6. The time duration for detecting the heart
rate by the wearable devices 4, 6 may be set from one minute
to several minutes. In the time duration, the detection is
performed for multiple times at a predetermined time inter-
val (for example, time interval of one second, two seconds,
or three seconds).

[0041] The heart rate data acquired from the face image
photographed by the compartment camera 2 may change as
shown in FIG. 7. In this case, the face image may be
successively photographed at a predetermined time interval
in a time duration from one minute to several minutes.
Comparing FIG. 5, FIG. 6, and FIG. 7, there is a part where
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the heart rate exceeds a predetermined threshold A in FIG.
5and FIG. 7, so that it is determined that the heart rate graph
in FIG. 5 matches the heart rate graph in FIG. 7.

[0042] The emotion determination information of the
driver 3 acquired based on the face image photographed by
the compartment camera 2 is compared with the information
of the heart rate acquired from the wearable devices 4, 6. The
comparison will be performed as described below. The
emotion determination data acquired from the face image
photographed by the compartment camera 2 may change as
shown in FIG. 7. In this case, the face image may be
successively photographed at a time interval in a time
duration. The time interval may be set for one second, two
seconds, or three seconds. The time duration may set from
one minute to several minutes. In this case, in FIG. 7, the
boundary from “Calm” to “Anger” is defined as a point B1
and the boundary from “Anger” to “Calm” is defined as a
point B2. In FIG. 7 showing the change in the heart rate of
the driver 3 acquired based on the face image photographed
by the compartment camera 2, the intersection points of the
heart rate graph and the threshold value A may be defined as
points C1, C2. In this case, the point B1 almost matches the
point C1, and the point B2 almost matches the point C2.
Comparing FIG. 5, FIG. 6, and FIG. 7, there is a part where
the heart rate exceeds a predetermined threshold A, that is,
apart of “Anger” as the emotion determination in FIG. 5 and
FIG. 7, so that it is determined that the heart rate graph in
FIG. 5 matches the emotion diagram in FIG. 7.

[0043] In S130, the control portion 17 of the vehicle
device 7 determines that there is the biometric information
acquired from the wearable device 4 that matches the
biometric information acquired from the face image photo-
graphed by the compartment camera 2 (S130:YES), the
procedure proceeds to S140. In S140, the control portion 17
of the vehicle device 7 identifies the wearable device 4
having the matched biometric information as the wearable
device 4 of the driver 3. In S150, the control portion 17 of
the vehicle device 7 performs the association processing
between the identified wearable device 4 and the driver 3. In
this case, the control portion 17 of the vehicle device 7
analyzes multiple feature points in the face image photo-
graphed by the compartment camera 2, and stores the
analyzed data of the shape or the position of each of the
multiple feature points in the storage portion 16 as the
personal data of the driver 3. The control portion 17 of the
vehicle device 7 associates the personal data of the driver 3
with the ID data of the wearable device 4, and stores the
personal data in the storage portion 16.

[0044] In S160, the control portion 17 of the vehicle
device 7 activates an application program that executes a
predetermined processing using the biometric information
of the driver 3. In this case, an application program that
urges the driver to pay attention to the safe driving using the
heart rate or the like of the driver 3 may be executed. Then,
the control ends.

[0045] In S130, when the control portion 17 of the vehicle
device 7 determines that there is no biometric information
acquired from the wearable device 4 that matches the
biometric information acquired from the face image photo-
graphed by the compartment camera 2, the control portion
17 of the vehicle device 7 does not activate the application
program and the control ends.

[0046] Further, in the present embodiment, the association
processing between the driver 3 and the wearable device 4
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shown in FIG. 4 may start. In this case, as shown in FIG. 8A,
the control portion 17 of the vehicle device 7 displays a
message “Association processing between driver (that is, the
driver 3) and wearable device (that is, the wearable device
4) is in progress.” on the display portion 15. The association
processing may succeed and the process in S150 is finished.
In this case, as shown in FIG. 8B, the control portion 17 of
the vehicle device 7 displays a message “Association
between driver and wearable device has been completed.
Application is activated.” on the display portion 15. The
association processing may fail, that is, in S130, the control
portion 17 of the vehicle device 7 may determine that there
is no biometric information acquired from the wearable
device 4 that matches the biometric information acquired
from the face image photographed by the compartment
camera 2. In this case, as shown in FIG. 8C, the control
portion 17 of the vehicle device 7 displays a message
“Association between driver and wearable device fails.
Application is terminated.” on the display portion 15.

[0047] In the above-described configuration of the present
embodiment, the video processing portion 14 of the vehicle
device 7 receives the image data transmitted from the
compartment camera 2 photographing the driver 3, analyzes
the received image data, and detects the heart rate of the
driver 3. The control portion 17 of the vehicle device 7
compares the biometric information transmitted from the
one or more wearable devices 4, 6 possessed by the one or
more people in the vehicle with the heart rate of the driver
3 detected by the video processing portion 14, and identifies
the wearable device 4 possessed by the driver 3. Thus, even
when the multiple wearable devices 4, 6 are brought into the
vehicle, the configuration can determine the wearable device
4 possessed by the driver 3.

[0048] In the above-described embodiment, after identi-
fying the wearable device 4 possessed by the driver 3, the
control portion 17 of the vehicle device 7 associates the
driver 3 with the wearable device 4. The control portion 17
of the vehicle device 7 stores the association information in
the storage portion 16, and activates the application program
that executes the predetermined processing using the bio-
metric information of the driver 3. The association informa-
tion may include the personal data of the driver 3, the
personal identification information, or the ID information of
the wearable device 4. Thus, after the control portion 17 of
the vehicle device 7 stores the association information, the
configuration can quickly determine the wearable device 4
possessed by the driver 3 based on the association informa-
tion (for example, ID of the wearable device 4). The
application program is automatically activated, so that the
configuration can automatically execute the predetermined
processing using the biometric information of the driver 3.

[0049] In the above-described embodiment, the vehicle
device 7 is wirelessly connected to the wearable devices 4,
6 brought into the vehicle. When there is the wearable device
4 associated with the driver 3, the vehicle device 7 deter-
mines whether the driver 3 associated with the wearable
device 4 is sitting in the driver’s seat. When the vehicle
device 7 determines that the associated driver 3 is sitting in
the driver’s seat, the configuration can activate the prede-
termined processing using the biometric information of the
driver 3. With this configuration, when the multiple wear-
able devices 4, 6 are brought into the vehicle, the vehicle
device 7 can accurately and quickly determine the wearable
device 4 possessed by the driver 3. Further, the vehicle
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device 7 can automatically activate the application program
that executes the predetermined processing using the bio-
metric information of the driver 3.
[0050] In the above-described embodiment, the compart-
ment camera 2 transmits, but are not limited to, the face
image of the driver 3 photographed by the compartment
camera 2 to the vehicle device 7, and the vehicle device 7
analyzes the face image of the driver 3. Alternatively, the
compartment camera 2 may analyze the photographed face
image of the driver 3, and transmit the analyzed result
information, that is, the heart rate information of the driver
3, the emotion determination information of the driver 3, the
personal data information of the driver 3, or the like to the
vehicle device 7. In the above-described embodiment, the
vehicle device 7 is, but are not limited to, provided by the car
navigation device. Alternatively, the vehicle device 7 may be
provided by another vehicle device.
[0051] While the disclosure has been described with ref-
erence to preferred embodiments thereof, it is to be under-
stood that the disclosure is not limited to the preferred
embodiments and constructions. The disclosure is intended
to cover various modification and equivalent arrangements.
In addition, the various combinations and configurations,
which are preferred, other combinations and configurations,
including more, less or only a single element, are also within
the spirit and scope of the disclosure.
1. A vehicle device comprising a processor configured to:
receive image data transmitted from a compartment cam-
era that photographs a driver;
analyze the image data received from the compartment
camera;
detect a heart rate of the driver based on the image data;
wirelessly communicate with one or more wearable
devices possessed by one or more people who ride on
a vehicle; and
identify a wearable device possessed by the driver by
comparing biometric information transmitted from the
one or more wearable devices with the heart rate of the
driver.
2. The vehicle device according to claim 1, wherein
the processor is further configured to:
determine an emotion of the driver by analyzing the
image data received from the compartment camera; and
identify the wearable device possessed by the driver by
comparing the biometric information transmitted from
the one or more wearable devices with the emotion of
the driver.
3. The vehicle device according to claim 1, wherein
the processor is further configured to
activate an application program that executes a predeter-
mined processing using the biometric information of
the driver when the processor identifies the wearable
device possessed by the driver.
4. The vehicle device according to claim 1, wherein
the processor is further configured to
register the wearable device associated with the driver
when the processor identifies the wearable device pos-
sessed by the driver.
5. The vehicle device according to claim 4, wherein
the processor is further configured to:
determine whether there is the wearable device associated
with the driver in the one or more wearable devices by
communicating with the one or more wearable devices;
and
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activate an application program that executes a predeter-
mined processing using the biometric information of
the driver when the processor determines that there is
the wearable device associated with the driver.

6. The vehicle device according to claim 4, wherein

the processor is further configured to:

determine whether there is the wearable device associated
with the driver in the one or more wearable devices by
communicating with the one or more wearable devices;

determine whether the driver associated with the wearable
device sits in a driver seat; and

activate the application program that executes a predeter-
mined processing using the biometric information of
the driver when the processor determines that there is
the wearable device associated with the driver and the
processor determines that the driver associated with the
wearable device sits in the driver seat.
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7. A vehicle device comprising:

an image processing portion configured to receive image
data transmitted from a compartment camera that pho-
tographs a driver, analyze the image data received from
the compartment camera, and detect a heart rate of the
driver based on the image data;

a wireless communication portion configured to wire-
lessly communicate with one or more of wearable
devices possessed by one or more people who ride on
a vehicle; and

a wearable device identification portion configured to
identify a wearable device possessed by the driver by
comparing biometric information transmitted from the
one or more wearable devices with the heart rate of the
driver detected by the image processing portion.
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