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Description

Title of Invention: ENVIRONMENT RECOGNITION SYSTEM

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

AND LEARNING APPARATUS
Technical Field

The present invention relates to an environment recognition system and a learning
apparatus.
Background Art

JP HO5-169963A proposes a vehicle air conditioning control apparatus that controls
the air flow of a vehicle air conditioner on the basis of a sunlight amount detected by
sunlight amount detection means. JP 2015-051687A proposes a vehicle light control
apparatus that controls the lighting and extinguishing of vehicle headlights on the basis
of an infrared light level detected by an infrared light sensor and a visible light level

detected by a visible light sensor.
Citation List

Patent Literature
PTL 1: JP HO5-169963A
PTL 2: JP 2015-051687A

Summary of Invention

Technical Problem

As exemplified in JP HO5-169963A and JP 2015-051687A, information indicating
the brightness of the surrounding environment has been used by various apparatuses in
the past. However, the inventor of the present invention found the following problem
with such apparatuses. Past apparatuses basically use only information indicating
brightness levels that can be detected by various types of sensors. Thus the inventor of
the present invention found that only simple conditions in the surrounding environment
can be recognized, whereas complex conditions cannot be handled.

Consider, for example, a case in which vehicle headlights are controlled on the basis
of information indicating a brightness level detected by a sensor. Assume that in this
case, an area where light is blocked by a structure such as an overpass or a building
and an area where the vehicle has entered a structure such as a tunnel have the same
brightness level. With the simple method, it is difficult to control the headlights to not
light in the former areas but to light in the latter areas.

Having been achieved in light of such circumstances, an object of one aspect of the
present invention is to provide a technique that makes it possible to respond to

complex conditions in the surrounding environment.
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Solution to Problem

The present invention employs the following configuration to solve the above-
described problems.

An environment recognition system according to one aspect of the present invention
includes: a sensor apparatus configured to detect brightness information pertaining to a
brightness of the surrounding environment; and an information processing apparatus
configured to obtain, by inputting the brightness information obtained by the sensor
apparatus into a trained learning device that has been trained for identifying a
brightness level of the surrounding environment and a factor determining the
brightness, an environment information set including information of the brightness
level of the surrounding environment and the factor determining the brightness.

According to the configuration described above, both the brightness level and deter-
mination factors that determine that brightness can be specified by using the trained
learning device that has been trained to identify the brightness level in the surrounding
environment and factors determining the brightness. As such, even when the brightness
is approximately the same level, the conditions of that situation can be identified,
which makes it possible to handle complex conditions in the surrounding environment.
“Brightness information” may be any information expressing brightness, such as
images or brightness measurement values. “Environment information set” refers to a
state in which a plurality of pieces of environment information are present, and
includes at least one piece of information indicating a brightness level and one piece of
information indicating a factor determining the brightness. “Environment information”,
meanwhile, refers to information indicating the brightness level of the surrounding en-
vironment or determination factors that determine that brightness.

In the environment recognition system according to the above-described aspect, the
environment information set may include a plurality of pieces of environment in-
formation of different types; and the learning device may include a plurality of output
units, each output unit provided for one of the pieces of environment information, and
each output unit outputting a corresponding one of the pieces of environment in-
formation. According to this configuration, a plurality of pieces of environment in-
formation of different types can be outputted.

In the environment recognition system according to the above-described aspect, the
information processing apparatus may include an output selection unit configured to
selectively output a plurality of pieces of the environment information included in the
environment information set to a module that uses the environment information; and
the output selection unit may select environment information to use from among the

environment information outputted from the output units, and outputs the selected en-
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vironment information to the module. According to this configuration, the module can
be controlled by the outputted environment information. The module need not be par-
ticularly limited as long as it is a device that can use environment information, and
includes units of hardware or software that change some kind of physical state, or com-
binations of such hardware or software units, such as air conditioning devices, vehicle
headlights, display backlights, and so on. The module includes a general control device
that carries out general control of individual units of hardware or software or a
plurality of combinations thereof, such as an Engine Control Unit (ECU) provided in a
vehicle. Note that the output selection unit can output the environment information to
the module directly or indirectly. In other words, the output from the output selection
unit may be outputted directly to the module by having the information processing
apparatus and the module connected to each other directly, or the output from the
output selection unit may be outputted indirectly to the module by having the in-
formation processing apparatus and the module connected via a predetermined relay
device.

In the environment recognition system according to the above-described aspect, the
output selection unit may select the environment information to use from among the
environment information outputted from the output units on the basis of details of the
environment information outputted from the output units, and output the selected en-
vironment information to the module. According to this configuration, complex control
of the module is possible by setting an output destination of the environment in-
formation on the basis of the details of the environment information.

In the environment recognition system according to the above-described aspect, the
plurality of output units may be associated with a plurality of modules that use the en-
vironment information, and each output unit may output a piece of the environment in-
formation to the module corresponding to that output unit. According to this con-
figuration, the module can be controlled by the outputted environment information.

In the environment recognition system according to the above-described aspect, the
sensor apparatus may be configured to detect the brightness information from each of
three or more different directions. According to this configuration, the accuracy of
analyzing the surrounding environment can be improved by detecting the brightness
information from three or more different directions.

In the environment recognition system according to the above-described aspect, the
sensor apparatus may be constituted by an optical sensor, the optical sensor including
an optical member having a plurality of focusing units that each focuses light from the
surrounding environment, and a plurality of image capturing devices, each image
capturing device provided corresponding to one of the focusing units and configured to

receive the light focused by the focusing unit and form a captured image in which the
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surrounding environment appears as the brightness information. According to this con-
figuration, the accuracy of analyzing the surrounding environment can be improved by
obtaining a plurality of captured images as the brightness information.

In the environment recognition system according to the above-described aspect, at
least one focusing unit among the plurality of focusing units may have different optical
properties from the other focusing units. According to this configuration, the accuracy
of analyzing the surrounding environment can be improved by obtaining a plurality of
captured images, which reflect diverse optical properties, as the brightness in-
formation. Note that “optical properties” refers to the optical properties of the focusing
units, and refers to any properties that alter the state of light between before and after
the focusing unit, such as the focus angle, refractive index, band of light allowed to
pass (optical density), turbidity, which is a measure of transparency, transmittance,
whiteness, which indicates a white level, and tone, indicating coloration.

In the environment recognition system according to the above-described aspect, at
least some of the plurality of focusing units may have irregular optical properties.
According to this configuration, the accuracy of analyzing the surrounding en-
vironment can be improved by obtaining a plurality of captured images, which reflect
diverse optical properties, as the brightness information. Note that at least some of the
plurality of focusing units having “irregular optical properties” refers to a state in
which the optical properties differ between adjacent ones of the focusing units.
However, the range of irregularity need not be limited to part of the optical member,
and may instead be the entire optical member.

In the environment recognition system according to the above-described aspect, the
optical member may include at least one of a lens array, a diffraction grating, a
diffusion lens, and a hologram lens. According to this configuration, an optical sensor
capable of obtaining a plurality of captured images, which reflect diverse optical
properties, as the brightness information can be manufactured with ease.

In the environment recognition system according to the above-described aspect, the
sensor apparatus may be constituted by one or more illuminance sensors. According to
this configuration, a sensor apparatus capable of obtaining the brightness information
can be manufactured with ease.

In the environment recognition system according to the above-described aspect, the
learning device may be constituted by a neural network, a support vector machine, a
self-organizing map, or a learning device that learns through reinforcement learning.
According to this configuration, a learning device that outputs the brightness level of
the surrounding environment and factors determining the brightness can be constructed
with ease.

In the environment recognition system according to the above-described aspect, the
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brightness level may be expressed as a continuous amount using a predetermined
physical unit, and/or as a brightness level that represents the brightness in stages.
According to this configuration, an environment recognition system that outputs a
continuous amount using a predetermined physical unit, and/or a brightness level that
represents the brightness in stages, as the environment information indicating the

brightness level, can be provided.
In the environment recognition system according to the above-described aspect, the

predetermined physical unit may be expressed as at least one of illuminance, sunlight
amount, light beams, light intensity, luminescence, light energy, and visibility.
According to this configuration, an environment recognition system that outputs a
continuous amount expressed by at least one of illuminance, sunlight amount, light
beams, light intensity, luminescence, light energy, and visibility as the environment in-
formation indicating the brightness level can be provided.

In the environment recognition system according to the above-described aspect, the
factor determining the brightness may be expressed by at least one of the presence/
absence of a light-shielding object that blocks light, a type of the light-shielding object,
whether or not the sun is out, the weather, the time, and a level of urbanization.
According to this configuration, an environment recognition system that outputs, as the
environment information indicating factors determining the brightness, at least one of
the presence/absence of light-shielding objects that block light, the type of such light-
shielding objects, whether or not the sun is out, the weather, the time, and level of ur-
banization, can be provided. “Level of urbanization” refers to the degree of urban de-
velopment, and is information used to identify whether an area is a metropolitan area, a
large city, a medium-to-small city, a rural village, a suburb, an isolated location, or the
like, for example.

A learning apparatus according to one aspect of the present invention includes: an in-
formation obtainment unit configured to obtain brightness information pertaining to a
brightness of a surrounding environment from a sensor apparatus configured to detect
the brightness information; and a learning processing unit configured to train a learning
device to output an environment information set including information of a brightness
level of the surrounding environment and a factor determining the brightness upon the
obtained brightness information being inputted. According to this configuration, a
learning apparatus that constructs a trained learning device trained to identify the
brightness level of the surrounding environment and factors determining the brightness

can be provided.
Advantageous Effects of Invention

According to the present invention, a technique that makes it possible to respond to
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complex conditions in the surrounding environment can be provided.
Brief Description of Drawings
[fig. 1]FIG. 1 schematically illustrates an example of a situation in which an en-
vironment recognition system and a learning apparatus according to an embodiment
are applied.
[fig.2]FIG. 2 schematically illustrates an example of the hardware configuration of a
vehicle-mounted apparatus according to the embodiment.
[fig.3A]FIG. 3A schematically illustrates an example of the configuration of an optical
sensor according to the embodiment.
[fig.3B]FIG. 3B schematically illustrates an example of the configuration of the optical
sensor according to the embodiment.
[fig.4]FIG. 4 schematically illustrates an example of the hardware configuration of the
learning apparatus according to the embodiment.
[fig.5]FIG. 5 schematically illustrates an example of the functional configuration of the
vehicle-mounted apparatus according to the embodiment.
[fig.6]FIG. 6 schematically illustrates an example of the functional configuration of the
learning apparatus according to the embodiment.
[fig.7]FIG. 7 illustrates an example of a processing sequence carried out by the
vehicle-mounted apparatus according to the embodiment.
[fig.8]FIG. 8 illustrates an example of a processing sequence carried out by the
learning apparatus according to the embodiment.
[fig.9]FIG. 9 schematically illustrates an example of the configuration of a vehicle-
mounted apparatus according to a variation.
[fig. 10]FIG. 10 schematically illustrates an example of the configuration of a vehicle-
mounted apparatus according to a variation.
Description of Embodiments

An embodiment according to an aspect of the present invention (also called “the
present embodiment” below) will be described next with reference to the drawings.
However, the present embodiment described below is in all senses merely examples of
the present invention. It goes without saying that many improvements and changes can
be made without departing from the scope of the present invention. In other words,
specific configurations based on the embodiment can be employed as appropriate in
carrying out the present invention. For example, the following describes an example in
which the present invention is applied in a vehicle-mounted system installed in a
vehicle as the present embodiment. However, the subject to which the present
invention is applied is not intended to be limited to vehicle-mounted systems, and may

be selected as appropriate in accordance with the embodiment. Note that although the
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data mentioned in the present embodiment is described with natural language, the data
is more specifically defined by quasi-language, commands, parameters, machine
language, and so on that can be recognized by computers.

§1 Application Example

First, an example of a situation in which the present invention is applied will be
described using FIG. 1. FIG. 1 schematically illustrates an example of a situation in
which an environment recognition system 100 and a learning apparatus 2 according to
the present embodiment are applied. The environment recognition system 100
according to the present embodiment is an information processing system, installed in
a vehicle such as an automobile, that analyzes a brightness level of a surrounding en-
vironment 6 and factors determining the brightness.

As illustrated in FIG. 1, the environment recognition system 100 includes an optical
sensor 3 and a vehicle-mounted apparatus 1. By capturing an image of the surrounding
environment 6, the optical sensor 3 forms a captured image of the surrounding en-
vironment 6 using brightness information pertaining to the brightness of the sur-
rounding environment 6. The optical sensor 3 corresponds to a “sensor apparatus”
according to the present invention. The optical sensor 3 is installed in a vehicle to be
capable of capturing conditions to the front in the travel direction, for example.

The vehicle-mounted apparatus 1 includes a trained learning device (a neural
network 7, described later) that has been trained to identify the brightness level in the
surrounding environment 6 and factors determining the brightness. By inputting
brightness information obtained by the optical sensor 3 (the captured images, in the
present embodiment) into the learning device, the vehicle-mounted apparatus 1 obtains
an environment information set including information of the brightness level of the
surrounding environment 6 and factors determining the brightness. The vehicle-
mounted apparatus 1 corresponds to an “information processing apparatus’ according
to the present invention. The vehicle-mounted apparatus 1 also corresponds to a
“learning result usage apparatus” that carries out predetermined information processing
using the trained learning device. “Environment information set” refers to a format in
which a plurality of pieces of environment information are included. “Environment in-
formation”, meanwhile, refers to information indicating the brightness level of the sur-
rounding environment or determination factors that determine that brightness. The
vehicle-mounted apparatus 1 according to the present embodiment uses the en-
vironment information set obtained in this manner to control an air conditioning device
101 and headlights 102 installed in the vehicle. The air conditioning device 101 and
the headlights 102 correspond to “modules” according to the present invention.

The learning apparatus 2 according to the present embodiment is a computer that

constructs the learning device used by the environment recognition system 100, or in
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other words, carries out machine learning of a learning device so that the environment
information set including the information of the brightness level of the surrounding en-
vironment 6 and the factors determining the brightness is outputted in response to the
input of the brightness information obtained by the optical sensor 3. Specifically, the
learning apparatus 2 obtains the brightness information from the optical sensor 3, and
upon the obtained brightness information being inputted, trains the learning device (a
neural network 8, described later) to output the environment information set including
the information of the brightness level of the surrounding environment 6 and the
factors determining the brightness.

Through this, the trained learning device used by the environment recognition system
100 is created. The vehicle-mounted apparatus 1 can obtain the trained learning device
created by the learning apparatus 2 over a network 10, for example. The type of the
network 10 may be selected as appropriate from among the internet, a wireless com-
munication network, a mobile communication network, a telephone network, a
dedicated network, or the like, for example.

Thus as described thus far, according to the present embodiment, both the brightness
level and determination factors that determine that brightness can be specified by using
the trained learning device that has been trained to identify the brightness level in the
surrounding environment 6 and factors determining the brightness. As such, even when
the brightness is approximately the same level, the conditions of that situation can be
identified, which makes it possible to handle complex conditions in the surrounding
environment 6. For example, even when the brightness level is approximately the
same, the vehicle-mounted apparatus 1 can change the control of the air conditioning
device 101 and the headlights 102 on the basis of the determination factors de-
termining that brightness.

§2 Configuration Example

(Hardware Configuration)

<Vehicle-Mounted Apparatus>

An example of the hardware configuration of the vehicle-mounted apparatus 1
according to the present embodiment will be described next using FIG. 2. FIG. 2
schematically illustrates an example of the hardware configuration of the vehicle-
mounted apparatus 1 according to the present embodiment.

As illustrated in FIG. 2, the vehicle-mounted apparatus 1 according to the present
embodiment is a computer in which a control unit 11, a storage unit 12, a commu-
nication interface 13, an input device 14, an output device 15, an external interface 16,
and a drive 17 are electrically connected to each other. The vehicle-mounted apparatus
1 according to the present embodiment corresponds to an “information processing

apparatus” according to the present invention. Note that the communication interface
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and the external interface are denoted as “communication I/F’ and “external I/F”, re-
spectively, in FIG. 2.

The control unit 11 includes a central processing unit (CPU), random access memory
(RAM), ROM (read-only memory), and so on, and controls the various constituent
elements in accordance with information processing. The storage unit 12 is an
auxiliary storage device such as a hard disk drive or a solid-state drive, and stores an
environment recognition processing program 121 executed by the control unit 11,
learning result data 122 indicating information pertaining to the trained learning
device, and so on.

The environment recognition processing program 121 is a program for causing the
vehicle-mounted apparatus 1 to carry out a process for analyzing the brightness level in
the surrounding environment 6 and factors determining the brightness, which will be
described later (FIG. 7). The learning result data 122 is data for configuring the trained
learning device. Details will be given later.

The communication interface 13 is a wired local area network (LAN) module, a
wireless LAN module, or the like, and is an interface for carrying out wired or wireless
communication over a network. The input device 14 is a device for making inputs,
such as a button, a touch panel, or a microphone. The output device 15 is a device for
output, such as a display or speakers. The external interface 16 is a Universal Serial
Bus (USB) port or the like, and is an interface for connecting to an external device
such as the optical sensor 3, the air conditioning device 101, and the headlights 102.
The communication interface 13 and the external interface 16 may be interfaces having
the same connection standard.

The drive 17 is a compact disk (CD) drive, a Digital Versatile Disk (DVD) drive, or
the like, and is a device for loading programs stored in a storage medium 91. The type
of the drive 17 may be selected as appropriate in accordance with the type of the
storage medium 91. The environment recognition processing program 121 and/or the
learning result data 122 may be stored in the storage medium 91.

The storage medium 91 is a medium that stores information of programs or the like,
recorded by the computer or other devices or machines, through electrical, magnetic,
optical, mechanical, or chemical effects so that the program information can read. The
vehicle-mounted apparatus 1 may obtain the environment recognition processing
program 121 and/or the learning result data 122 from the storage medium 91.

FIG. 2 illustrates an example in which the storage medium 91 is a disk-type storage
medium such as a CD or a DVD. However, the type of the storage medium 91 is not
limited to a disk, and a type aside from a disk may be used instead. Semiconductor
memory such as flash memory can be given as an example of a non-disk type storage

medium.
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With respect to the specific hardware configuration of the vehicle-mounted apparatus
1, constituent elements can be omitted, replaced, or added as appropriate in accordance
with the embodiment. For example, the control unit 11 may include a plurality of
processors. The vehicle-mounted apparatus 1 may be constituted by a plurality of in-
formation processing apparatuses. Furthermore, rather than an information processing
apparatus designed specifically for a service to be provided, such as a programmable
logic controller (PLC), the vehicle-mounted apparatus 1 may use a generic desktop
personal computer (PC), tablet PC, or the like.

<Optical Sensor>

An example of the configuration of the optical sensor 3 according to the present em-
bodiment will be described next using FIGS. 3A and 3B. FIG. 3A schematically il-
lustrates an example of the configuration of the optical sensor 3 according to the
present embodiment. FIG. 3B schematically illustrates an example of the relationships
between a lens array 31 and image capturing devices 32 in the optical sensor 3
according to the present embodiment.

As illustrated in FIGS. 3A and 3B, the optical sensor 3 according to the present em-
bodiment includes: the lens array 31, having 3x3 lenses 311; 3x3 of the image
capturing devices 32 provided so as to correspond to the lenses 311; a control unit 33
that controls the formation of captured images by the image capturing devices 32; and
a storage unit 34 that stores programs executed by the control unit 33 and so on.

(Lens Array)

The lens array 31 according to the present embodiment corresponds to an “optical
member” according to the present invention, and is a microlens array, for example.
However, the dimensions of the lenses 311 in the lens array 31 need not be limited to
the micro scale, and may be determined as appropriate in accordance with the em-
bodiment. For example, the sizes of the lenses 311 can be determined in accordance
with the image capturing devices 32 that are used.

Each of the lenses 311 corresponds to a “focusing unit” according to the present
invention, and is configured as appropriate to focus light from the surrounding en-
vironment 6 onto the corresponding image capturing device 32. The optical properties
of each of the lenses 311 may be set as appropriate in accordance with the em-
bodiment. “Optical properties” refers to the optical properties of the focusing units, and
refers to any properties that alter the state of light between before and after the
focusing unit, such as the focus angle, refractive index, band of light allowed to pass
(optical density), turbidity, which is a measure of transparency, transmittance,
whiteness, which indicates a white level, and tone, indicating coloration. All of the
lenses 311 may have identical optical properties, or the optical properties may differ

among the lenses 311. The desired optical properties of the lenses 311 can be realized
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by designing the lenses while adjusting at least one of the size, material, and shape of
each lens as appropriate.

The lens array 31 can be manufactured as appropriate from known materials and
through a known manufacturing method. For example, the lens array 31 can be manu-
factured by processing a light-transmissive material such as a resin material or a glass
material through a manufacturing method such as injection molding, cutting, welding,
or the like. Note that the lens array 31 may be configured so that the focus can be
adjusted by appropriately varying the optical axis direction of incident light using a
motor (not illustrated) or the like.

(Image Capturing Device)

As illustrated in FIG. 3B, each image capturing device 32 according to the present
embodiment is an image sensor having 5x5 light-receiving elements 321. Each light-
receiving element 321 is constituted by a complementary MOS (CMOS), a charge-
coupled device (CCD), or the like. Accordingly, each image capturing device 32 is
configured to be capable of receiving light focused by the corresponding lens 311 in
the lens array 31 and form a captured image in which the surrounding environment 6
appears. In the example of FIG. 3B, each image capturing device 32 is configured to be
capable of forming a captured image having 5x5 pixels.

The size of each image capturing device 32 can be set as appropriate on the basis of
factors such as the size of a subject in the surrounding environment 6 to be captured,
the size of a part of the subject to be identified, and the distance to the subject.
However, based on the size of the subject and the distance to the subject, it is
preferable that an image capturing device having a resolution of one to several
hundreds of pixels in the vertical direction and one to several hundreds of pixels in the
horizontal direction be used as the image capturing device 32. At this time, the aspect
ratio of the image capturing device can be set on the basis of the aspect ratio of a range
to be detected.

(Control Unit and Storage Unit)

The control unit 33 is constituted by a microprocessor including a CPU, for example,
and the storage unit 34 is constituted by memory such as RAM or ROM. The control
unit 33 controls the formation of captured images by the image capturing devices 32 in
accordance with a program stored in the storage unit 34. The control unit 33 transfers
the captured images formed by the image capturing devices 32 to the storage unit 34
and/or a connected external device (the vehicle-mounted apparatus 1 or the learning
apparatus 2, in the present embodiment).

<Learning Apparatus>

An example of the hardware configuration of the learning apparatus 2 according to

the present embodiment will be described next using FIG. 4. FIG. 4 schematically il-
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lustrates an example of the hardware configuration of the learning apparatus 2
according to the present embodiment.

As illustrated in FIG. 4, the learning apparatus 2 according to the present em-
bodiment is a computer in which a control unit 21, a storage unit 22, a communication
interface 23, an input device 24, an output device 25, an external interface 26, and a
drive 27 are electrically connected to each other. As in FIG. 2, the communication
interface and the external interface are denoted as “communication I/F” and “external
I/F”, respectively, in FIG. 4.

The control unit 21 to the drive 27, and a storage medium 92, are the same as the
control unit 11 to the drive 17, and the storage medium 91, of the above-described
vehicle-mounted apparatus 1. However, the storage unit 22 of the learning apparatus 2
stores a learning program 221 executed by the control unit 21, learning data 222 used
to train the learning device, the learning result data 122 created by executing the
learning program 221, and so on.

The learning program 221 is a program for causing the learning apparatus 2 to
execute a learning process (FIG. 8) for a neural network, described later. The learning
data 222 is data for training a learning device to be capable of analyzing the brightness
level in the surrounding environment 6 and factors determining the brightness. Details
will be given later.

Like the above-described vehicle-mounted apparatus 1, the learning program 221
and/or the learning data 222 may be stored in the storage medium 92. As such, the
learning apparatus 2 may obtain the learning program 221 and/or the learning data 222
to be used from the storage medium 92.

Also like the vehicle-mounted apparatus 1, with respect to the specific hardware con-
figuration of the learning apparatus 2, constituent elements can be omitted, replaced, or
added as appropriate in accordance with the embodiment. Furthermore, rather than an
information processing apparatus designed specifically for a service to be provided, the
learning apparatus 2 may use a generic server device, a desktop PC, or the like.

(Functional Configuration)

<Vehicle-Mounted Apparatus>

An example of the functional configuration of the vehicle-mounted apparatus 1
according to the present embodiment will be described next using FIG. 5. FIG. 5
schematically illustrates an example of the functional configuration of the vehicle-
mounted apparatus 1 according to the present embodiment.

The control unit 11 of the vehicle-mounted apparatus 1 loads the environment
recognition processing program 121 stored in the storage unit 12 into the RAM. The
control unit 11 then controls the various constituent elements by using the CPU to

analyze and execute the environment recognition processing program 121 loaded into
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the RAM. As aresult, as illustrated in FIG. 5, the vehicle-mounted apparatus 1
according to the present embodiment functions as a computer including a brightness
information obtainment unit 111, an environment information obtainment unit 112,
and an output selection unit 113.

The brightness information obtainment unit 111 obtains each of captured images 123
formed by the image capturing devices 32 from the optical sensor 3 as the brightness
information pertaining to the brightness of the surrounding environment 6. The en-
vironment information obtainment unit 112 uses the captured images 123 obtained
from the image capturing devices 32 as inputs for the learning device that has been
trained to identify the brightness level of the surrounding environment 6 and the
factors determining the brightness, and obtains output values from the learning device
by carrying out the computational processing of the learning device. Then, by
specifying the brightness level of the surrounding environment 6 and the factors de-
termining the brightness on the basis of the output values obtained from the learning
device, the environment information obtainment unit 112 obtains an environment in-
formation set (that is, a plurality of pieces of environment information) including the
brightness level of the surrounding environment 6 and factors determining the
brightness. The output selection unit 113 selectively outputs a plurality of pieces of the
environment information included in the environment information set to modules that
use the environment information (the air conditioning device 101 and the headlights
102, in the present embodiment).

The learning device will be described next. As illustrated in FIG. 5, the vehicle-
mounted apparatus 1 according to the present embodiment uses the neural network 7 as
a learning device trained to be capable of outputting a desired environment information
set indicating the brightness level of the surrounding environment 6 and factors de-
termining the brightness. The neural network 7 is a multilayer neural network used in
what is known as deep learning, and has an input layer 71, an intermediate layer
(hidden layer) 72, and an output layer 73, in order from the input side.

In FIG. 5, the neural network 7 includes one intermediate layer 72, such that the
output of the input layer 71 is the input of the intermediate layer 72 and the output of
the intermediate layer 72 is the input of the output layer 73. However, the number of
intermediate layers 72 need not be limited to one, and the neural network 7 may
include two or more intermediate layers 72.

Each of the layers 71 to 73 includes one or more neurons. For example, the number
of neurons in the input layer 71 can be set in accordance with the number of pixels in
the captured images 123. The number of neurons in the intermediate layer 72 can be
set as appropriate in accordance with the embodiment. Additionally, the number of

neurons in the output layer 73 can be set in accordance with the number of types of en-
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vironment information to be analyzed.

Note that the neurons of the output layer 73 correspond to an “output unit” according
to the present invention. In the present embodiment, the output layer 73 includes a
plurality of neurons so that a plurality of pieces of different types of environment in-
formation can be outputted as the environment information set. Each neuron in the
output layer 73 is provided for a piece of environment information, and is configured
to output an output value indicating the corresponding piece of environment in-
formation.

The neurons in adjacent layers are connected to each other as appropriate, and a
weight is set for each connection (a connection weight). In the example in FIG. 5, each
neuron is connected to all of the neurons in the adjacent layers, but the connections of
the neurons need not be limited to this example, and may be set as appropriate in ac-
cordance with the embodiment.

A threshold is set for each neuron, and the output of each neuron is basically de-
termined on the basis of whether or not a sum of the products of the neurons and their
weights exceeds the threshold. The vehicle-mounted apparatus 1 specifies a plurality of
pieces of environment information including the brightness level of the surrounding
environment 6 and factors determining the brightness on the basis of the output values
obtained from the neurons in the output layer 73 after inputting the captured images
123 into the input layer 71 of the neural network 7.

Information indicating the configuration of the neural network 7 (for example, the
number of layers in the neural network 7, the number of neurons in each layer, the
connection relationships between neurons, and transfer functions of the neurons), the
weights of the connections between the neurons, and the thresholds for the neurons is
included in the learning result data 122. The vehicle-mounted apparatus 1 refers to the
learning result data 122 and sets a trained neural network 7 using a process for
analyzing the brightness level of the surrounding environment 6 and factors de-
termining the brightness.

<Learning Apparatus>

An example of the functional configuration of the learning apparatus 2 according to
the present embodiment will be described next using FIG. 6. FIG. 6 schematically il-
lustrates an example of the functional configuration of the learning apparatus 2
according to the present embodiment.

The control unit 21 of the learning apparatus 2 loads the learning program 221 stored
in the storage unit 22 into the RAM. The control unit 21 then controls the various con-
stituent elements by using the CPU to analyze and execute the learning program 221
loaded into the RAM. As a result, as illustrated in FIG. 6, the learning apparatus 2

according to the present embodiment functions as a computer including a learning data



15

WO 2018/155018 PCT/JP2018/001305

[0069]

[0070]

[0071]

[0072]

[0073]

obtainment unit 211 and a learning processing unit 212.

The learning data obtainment unit 211 obtains, as the learning data 222, a set of a
plurality of pieces of environment information 224 (the environment information set),
including captured images 223 captured by the image capturing devices 32 of the
optical sensor 3 and the information indicating the brightness level of the surrounding
environment 6 appearing in the captured images 223 and factors determining the
brightness. The learning processing unit 212 uses the learning data 222 to train the
learning device to output output values corresponding to each piece of the environment
information 224 when the obtained captured images 223 are inputted.

As illustrated in FIG. 6, in the present embodiment, the learning device to be trained
is the neural network 8. The neural network 8, which is an example of the learning
device, includes an input layer 81, an intermediate layer (hidden layer) 82, and an
output layer 83, and thus has the same configuration as the neural network 7. The
layers 81 to 83 are the same as the layers 71 to 73.

The learning processing unit 212 constructs the neural network 8 through a neural
network learning process so that when 3x3 pieces’” worth of the captured images 223
are inputted, a plurality of pieces of environment information including information in-
dicating the brightness level of the surrounding environment 6 and factors determining
the brightness are outputted from corresponding neurons in the output layer 83. The
learning processing unit 212 then stores the information indicating the configuration of
the constructed neural network 8, the weights of the connections between the neurons,
and the thresholds for the neurons in the storage unit 22 as the learning result data 122.

<Other>

The various functions of the vehicle-mounted apparatus 1 and the learning apparatus
2 will be described in detail later in an operation example. The present embodiment
describes an example in which all of the functions of the vehicle-mounted apparatus 1
and the learning apparatus 2 are realized by generic CPUs. However, some or all of the
above-described functions may be realized by one or more dedicated processors. With
respect to the functional configurations of the vehicle-mounted apparatus 1 and the
learning apparatus 2, functions may be omitted, replaced, or added as appropriate in
accordance with the embodiment.

§3 Operation Example

(Vehicle-Mounted Apparatus)

Next, an example of the operations of the vehicle-mounted apparatus 1 will be
described using FIG. 7. FIG. 7 is a flowchart illustrating an example of a processing
sequence carried out by the vehicle-mounted apparatus 1. Note that the processing
sequence described hereinafter is merely an example, and the processes may be

changed as possible. Furthermore, in the processing sequence described hereinafter,
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steps may be omitted, replaced, or added as appropriate in accordance with the em-
bodiment.

(Startup)

First, a user starts up the vehicle-mounted apparatus 1 and causes the started-up
vehicle-mounted apparatus 1 to execute the environment recognition processing
program 121. Referring to the learning result data 122, the control unit 11 of the
vehicle-mounted apparatus 1 constructs the neural network 7, weights the connections
between the neurons, and sets the thresholds for the neurons. The control unit 11 then
analyzes the brightness level of the surrounding environment 6 and factors determining
the brightness in accordance with the processing sequence described hereinafter. The
startup of the vehicle-mounted apparatus 1 may occur in response to the engine of the
vehicle being started.

(Step S101)

In step S101, functioning as the brightness information obtainment unit 111, the
control unit 11 obtains, as the brightness information, the captured images 123
captured by the image capturing devices 32 from the image capturing devices 32 of the
optical sensor 3 connected through the external interface 16. The optical sensor 3
includes 3x3 image capturing devices 32 in the present embodiment, and thus in step
S101, the control unit 11 basically obtains 3x3 captured images 123 each time image
capturing is carried out.

(Step S102)

Next, in step S102, functioning as the environment information obtainment unit 112,
the control unit 11 obtains output values from the neural network 7 by carrying out the
computational processing of the neural network 7 using the captured images 123
obtained in step S101 as the input of the neural network 7.

In the present embodiment, the control unit 11 inputs the pixel values of each of the
pixels included in the 3x3 captured images 123 obtained in step S101 to corresponding
neurons in the input layer 71 of the neural network 7. The correspondence relationships
between the inputted pixel values and the neurons in the input layer 71 may be set as
appropriate in accordance with the embodiment. Next, the control unit 11 determines
whether each of the neurons in the layers 71 to 73 is firing, along the downstream
direction. The control unit 11 thus obtains the output values from the plurality of
neurons in the output layer 73 of the neural network 7.

(Step S103)

Next, in step S103, functioning as the environment information obtainment unit 112,
the control unit 11 specifies the brightness level of the surrounding environment 6 and
the factors determining the brightness on the basis of the output values obtained from

the neural network 7 in step S102, and thus obtains an environment information set
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including the brightness level of the surrounding environment 6 and factors de-
termining the brightness.

As described above, the neural network 7 is trained so that when the captured images
123 obtained from the image capturing devices 32 of the optical sensor 3 are inputted,
output values corresponding to a desired plurality of pieces of different types of en-
vironment information, including information indicating the brightness level and in-
formation indicating factors determining the brightness, are outputted. Each of the
plurality of neurons in the output layer 73 is provided for a piece of environment in-
formation, and outputs an output value indicating the corresponding piece of en-
vironment information. The correspondence relationship between the output values of
the neural network 7 and the details of each piece of environment information can be
set as appropriate, and can be provided as data in table format, for example.

Accordingly, by referring to information indicating the correspondence relationship
between the output values of the neural network 7 and the details of each piece of en-
vironment information, the control unit 11 can specify the details of each piece of en-
vironment information on the basis of the output value obtained from each neuron in
the output layer 73 in step S102. As a result, the control unit 11 can obtain a plurality
of different types of environment information (the environment information set)
including information indicating the brightness level and information indicating factors
determining the brightness.

The number of pieces of environment information included in the environment in-
formation set may be set as appropriate in accordance with the embodiment, as long as
at least one piece each of information indicating the brightness level and information
indicating factors determining the brightness are included. For example, the control
unit 11 can obtain information indicating a continuous amount using a predetermined
physical unit, and/or information indicating a brightness level that represents the
brightness in stages, as the environment information indicating the brightness level.
The predetermined physical unit may be expressed as at least one of illuminance,
sunlight amount, light beams, light intensity, luminescence, light energy, and visibility.

As the environment information indicating factors determining the brightness, the
control unit 11 can obtain, for example, information indicating at least one of the
presence/absence of light-shielding objects that block light, the type of such light-
shielding objects, whether or not the sun is out, the weather, the time, and level of ur-
banization. “Level of urbanization” refers to the degree of urban development, and is
information used to identify whether an area is a metropolitan area, a large city, a
medium-to-small city, a rural village, a suburb, an isolated location, or the like, for

example.
(Step S104)
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Next, in step S104, functioning as the output selection unit 113, the control unit 11 se-
lectively outputs the plurality of pieces of environment information included in the en-
vironment information set obtained in step S103 to the modules that use the en-
vironment information.

Specifically, in the present embodiment, the air conditioning device 101 and the
headlights 102 are installed in the vehicle as the modules that use the environment in-
formation. Accordingly, the control unit 11 selects the environment information used
by the air conditioning device 101 and the headlights 102 from the plurality of pieces
of environment information obtained in step S103. The control unit 11 then outputs the
selected environment information to the air conditioning device 101 and the headlights
102.

For example, the plurality of pieces of environment information obtained in step
S103 may include information indicating a sunlight amount as the environment in-
formation indicating the brightness level, and information indicating the weather as the
environment information indicating the factors determining the brightness. In this case,
the control unit 11 may select the information indicating the sunlight amount and the
information indicating the weather from the plurality of pieces of environment in-
formation obtained in step S103, and output the selected information indicating the
sunlight amount and information indicating the weather to the air conditioning device
101.

As aresult, the control unit 11 can control the air conditioning device 101 on the
basis of the sunlight amount and the weather. For example, when it can be determined
on the basis of each piece of the environment information that the sunlight amount in
the surrounding environment 6 is greater than or equal to a set value and the weather is
clear, the control unit 11 may control the air conditioning device 101 to lower the tem-
perature in the vehicle. However, when it can be determined on the basis of each piece
of the environment information that the sunlight amount in the surrounding en-
vironment 6 is less than a set value and the weather is rainy, the air conditioning device
101 may be controlled to raise the temperature in the vehicle.

Additionally, for example, the plurality of pieces of environment information
obtained in step S103 may include information indicating a sunlight amount as the en-
vironment information indicating the brightness level, and information indicating the
direction of sunlight as the information indicating the factors determining the
brightness. In this case, the control unit 11 may select the information indicating the
sunlight amount and the information indicating the direction of sunlight from the
plurality of pieces of environment information obtained in step S103, and output the
selected information indicating the sunlight amount and information indicating the

direction of sunlight to the air conditioning device 101.
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As aresult, the control unit 11 can control the air conditioning device 101 on the
basis of the sunlight amount and the direction of sunlight. For example, when carrying
out control to vary the air flow and/or temperature on the basis of the sunlight amount,
the control unit 11 can further raise/lower the air flow and/or temperature in time
periods where sunlight enters the vehicle directly, such as in the morning and in the
evening, on the basis of the direction of sunlight. The control unit 11 can furthermore
vary the air conditioning control toward the direction in which the sunlight is entering,
on the basis of the direction of sunlight. At this time, the control unit 11 can carry out
at least one of the following types of control as the air conditioning control toward the
direction in which the sunlight is entering: constant control; control to the opposite
amount from the air conditioning control on the side where the sunlight is entering; and
control at a variation amount lower than the control amount in the air conditioning
control on the side where the sunlight is entering.

Additionally, for example, the plurality of pieces of environment information
obtained in step S103 may include information indicating illuminance as the en-
vironment information indicating the brightness level, and information indicating a
type of light-shielding object as the environment information indicating the factors de-
termining the brightness. In this case, the control unit 11 may select the information in-
dicating the illuminance and the information indicating the type of the light-shielding
object from the plurality of pieces of environment information obtained in step S103,
and output the selected information indicating the illuminance and information in-
dicating the type of light-shielding object to the headlights 102.

As aresult, the control unit 11 can control the headlights 102 on the basis of the il-
luminance and the type of light-shielding object. For example, when it can be de-
termined on the basis of each piece of the environment information that the il-
luminance in the surrounding environment 6 is less than a set value and that the light-
shielding object is a tunnel, the control unit 11 may control the headlights 102 to light
up by outputting these pieces of environment information to the headlights 102.
However, when it can be determined on the basis of each piece of the environment in-
formation that the illuminance in the surrounding environment 6 is greater than or
equal to a set value and that the light-shielding object is a building, the control unit 11
may control the headlights 102 not to light up by outputting these pieces of en-
vironment information to the headlights 102.

Additionally, rather than allocating the environment information to the modules in a
fixed manner as described above, the control unit 11 may allocate the environment in-
formation to the modules in a dynamic manner. Specifically, on the basis of the details
of each piece of the environment information obtained in step S103, the control unit 11

may select the environment information used by the air conditioning device 101 and
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the headlights 102 from the plurality of pieces of environment information obtained in
step S103.

For example, the plurality of pieces of environment information obtained in step
S103 may include two types of information, namely information indicating a sunlight
amount and information indicating the light energy, as the environment information in-
dicating the brightness level, and information indicating the weather as the en-
vironment information indicating the factors determining the brightness. In this case,
the control unit 11 may select the environment information to use with the air con-
ditioning device 101 on the basis of the details of the information indicating the
weather.

As aresult, the control unit 11 can change the environment information outputted to
the air conditioning device 101 on the basis of the weather. For example, when on the
basis of the information indicating the weather it can be determined that the weather is
clear, the control unit 11 may output information indicating the sunlight amount to the
air conditioning device 101. However, when on the basis of the information indicating
the weather it can be determined that the weather is rainy, the control unit 11 may
output information indicating the light energy to the air conditioning device 101. In
this case, the air conditioning device 101 can control the temperature in the vehicle on
the basis of the sunlight amount when it is clear, and can control the temperature in the
vehicle on the basis of the light energy when it is rainy.

After outputting the environment information selected from the plurality of pieces of
environment information to the air conditioning device 101 and the headlights 102, the
control unit 11 ends the processing according to the present operation example.

(Learning Apparatus)

Next, an example of the operations of the learning apparatus 2 will be described
using FIG. 8. FIG. 8 is a flowchart illustrating an example of a processing sequence
carried out by the learning apparatus 2. Note that the processing sequence described
hereinafter is merely an example, and the processes may be changed as possible. Fur-
thermore, in the processing sequence described hereinafter, steps may be omitted,
replaced, or added as appropriate in accordance with the embodiment.

(Step S201)

In step S201, functioning as the learning data obtainment unit 211, the control unit 21
obtains, as the learning data 222, a set including a plurality of the captured images 223
captured by the optical sensor 3 as well as a plurality of pieces of the environment in-
formation 224 including information of the brightness level of the surrounding en-
vironment 6 appearing in the captured images 223 and factors determining the
brightness.

The learning data 222 is data for training the neural network 8§ to be capable of
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analyzing a desired environment information set including information indicating a
brightness level and information indicating factors determining the brightness. The
learning data 222 can be created by, for example, using the optical sensor 3 installed in
the vehicle to capture images of the surrounding environment 6 under various
conditions while the vehicle is traveling, and then associating the captured images that
have been obtained with the image capturing conditions.

Specifically, the control unit 21 uses the optical sensor 3 to capture the surrounding
environment 6 in which the brightness is at a predetermined level due to predetermined
determination factors. Through this, the control unit 21 can obtain, from the image
capturing devices 32 of the optical sensor 3, a plurality of captured images 223
showing the surrounding environment 6 in which the predetermined brightness level
and predetermined factors determining the brightness to be analyzed are evident. The
optical sensor 3 includes 3x3 image capturing devices 32 in the present embodiment,
and thus the control unit 21 can obtain 3x3 captured images 223 each time image
capturing is carried out.

Next, the control unit 21 accepts, as appropriate, the input of details of the plurality
of pieces of the environment information 224 including information indicating the pre-
determined brightness level evident in the captured images 223 and information in-
dicating the predetermined factors determining the brightness (that is, training data).
The control unit 21 can create the learning data 222 by associating the plurality of
pieces of the environment information 224 provided by the input with the captured
images 223. The learning data 222 may be created manually by an operator or the like
using the input device 24, or may be created automatically by a robot or the like.

Here, the learning data 222 may be created using the learning apparatus 2 as
described above, or may be created by another information processing apparatus aside
from the learning apparatus 2. When the learning apparatus 2 creates the learning data
222, the control unit 21 can obtain the learning data 222 in step S201 by executing a
process for creating the learning data 222. However, when another information
processing apparatus aside from the learning apparatus 2 creates the learning data 222,
the learning apparatus 2 can obtain the learning data 222 created by the other in-
formation processing apparatus over a network, from the storage medium 92, or the
like. The number of pieces of the learning data 222 obtained in step S201 may be de-
termined as appropriate in accordance with the embodiment so that the neural network
8 can be trained.

(Step S202)

Next, in step S202, functioning as the learning processing unit 212, the control unit
21 uses the learning data 222 obtained in step S201 to train the neural network 8 to

output output values corresponding to the respective pieces of the environment in-
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formation 224 when the captured images 223 are inputted.

Specifically, first, the control unit 21 prepares the neural network 8 to be subjected to
the learning process. The configuration of the prepared neural network 8, the default
values of the weights on the connections between the neurons, and the default values
of the thresholds for the neurons may be provided by a template, or may be provided
by inputs made by an operator. If retraining is carried out, the control unit 21 may
prepare the neural network 8 on the basis of the learning result data 122 subject to the
retraining.

Next, the control unit 21 trains the neural network 8 using the plurality of captured
images 223 in the learning data 222 obtained in step S201 as input data and the
plurality of pieces of the environment information 224 as the training data. Gradient
descent, probabilistic gradient descent, or the like may be used in the training of the
neural network 8.

For example, the control unit 21 carries out computational processing in the
downstream direction of the neural network 8 using the pixel values in each of the
captured images 223 as the inputs to the input layer 81. As a result, the control unit 21
obtains output values outputted from the neurons in the output layer 83 of the neural
network 8. Next, the control unit 21 calculates error between the output value
outputted from each neuron in the output layer 83 and the value indicated by the en-
vironment information 224 corresponding to that neuron. Next, through differential
reverse propagation, the control unit 21 calculates error in the weights of the con-
nections between the neurons and in the thresholds for the neurons using the calculated
error in the output values. Then, on the basis of the calculated errors, the control unit
21 updates the values of the weights of the connections between the neurons and the
thresholds for the neurons.

The control unit 21 trains the neural network 8 by repeating this series of processes
for each piece of the learning data 222 until the output values outputted from the
neurons in the output layer 83 match the values indicated by the corresponding en-
vironment information 224. As a result, the neural network 8 that outputs output values
corresponding to the pieces of the environment information 224 when the captured
images 223 are inputted can be constructed.

(Step S203)

Next, in step S203, functioning as the learning processing unit 212, the control unit
21 stores the information indicating the configuration of the constructed neural
network 8§, the weights of the connections between the neurons, and the thresholds for
the neurons in the storage unit 22 as the learning result data 122. Through this, the
control unit 21 ends the process of training the neural network 8 according to this

operation example.
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Note that the control unit 21 may transfer the created learning result data 122 to the
vehicle-mounted apparatus 1 after the process of step S203 is complete. The control
unit 21 may also periodically update the learning result data 122 by periodically
executing the learning process of steps S201 to S203. The control unit 21 may peri-
odically update the learning result data 122 held in the vehicle-mounted apparatus 1 by
transferring the created learning result data 122 to the vehicle-mounted apparatus 1
each time the learning process is executed.

(Effects)

As described thus far, according to the present embodiment, the trained neural
network 7, which has been trained to identify the brightness level in the surrounding
environment 6 and factors determining the brightness, is used in step S102. In the
training part, too, the neural network 8§ is trained to be capable of identifying the
brightness level of the surrounding environment 6 and factors determining the
brightness. Thus in step S103, information indicating determination factors that
determine the brightness can be obtained as well as the information indicating the
brightness level.

As such, according to the present embodiment, even when the brightness is ap-
proximately the same level, the conditions of that situation can be identified on the
basis of the information indicating factors determining the brightness, which makes it
possible to handle complex conditions in the surrounding environment 6. For example,
in step S104, even if the brightness level is the same, the vehicle-mounted apparatus 1
can cause the headlights 102 to light up when a light-shielding object is a tunnel and
cause the headlights 102 to not light up when the light-shielding object is a building.

Additionally, according to the present embodiment, in step S104, the control unit 11
may select the environment information used by the modules on the basis of the details
of the environment information. This makes complex control of the modules possible.
For example, the air conditioning device 101 can be controlled on the basis of the
sunlight amount when it is clear, and the air conditioning device 101 can be controlled
on the basis of the light energy when it is raining, as described above.

§4 Variations

Although an embodiment of the present invention has been described in detail thus
far, the foregoing descriptions are intended to be nothing more than an example of the
present invention in all senses. It goes without saying that many improvements and
changes can be made without departing from the scope of the present invention. For
example, variations such as those described below are also possible. In the following,
constituent elements that are the same as those in the above-described embodiment will
be given the same reference signs, and points that are the same as in the above-

described embodiment will not be described. The following variations can also be
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combined as appropriate.
[0112] <4.1>
In the embodiment described above, typical feed-forward neural networks having
multilayer structures are used as the neural networks (7, 8), as illustrated in FIGS. 5
and 6. However, the types of the neural networks (7, 8) need not be limited to this
example, and may be selected as appropriate in accordance with the embodiment. For
example, the neural networks (7, 8) may be convolutional neural networks using the
input layer and the intermediate layer as a convolutional layer and a pooling layer. Al-
ternatively, the neural networks (7, 8) may be recursive neural networks having
recursive connections from the output side to the input side, such as from the in-
termediate layer to the input layer. The number of layers in the neural networks (7, 8),
the number of neurons in each layer, the connection relationships between neurons,
and the transfer functions of the neurons may be set as appropriate in accordance with
the embodiment.
[0113] <4.2>
In the embodiment described above, the vehicle-mounted apparatus 1 that analyzes
the brightness level of the surrounding environment 6 and the factors determining the
brightness, and the learning apparatus 2 that trains the learning device (neural
network), are constituted by separate computers. However, the configurations of the
vehicle-mounted apparatus 1 and the learning apparatus 2 need not be limited to this
example, and a system having the functions of both the vehicle-mounted apparatus 1
and the learning apparatus 2 may be realized by one or more computers. For example,
the environment recognition system 100 itself may have a function for generating a
learning device by the learning apparatus 2. In this case, the vehicle-mounted apparatus
1 and the learning apparatus 2 are connected through internal communication (an
internal bus) to be capable of exchanging information.
[0114] <4.3>
In the embodiment described above, the vehicle-mounted apparatus 1 outputs the
pieces of the environment information to the air conditioning device 101 and the
headlights 102. However, the output destination of the environment information need
not be limited to modules such as the air conditioning device 101 and the headlights
102, and may be selected as appropriate in accordance with the embodiment. For
example, the vehicle-mounted apparatus 1 may output the pieces of the environment
information to a user through the output device 15. The modules that can serve as
output destinations of the environment information may include units of hardware or
software that change some kind of physical state, or combinations of such hardware or
software units. The modules may include a general control device that carries out

general control of individual units of hardware or software or a plurality of com-
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[0115]

[0116]

[0117]

[0118]

[0119]

binations thereof, such as an Engine Control Unit (ECU) provided in a vehicle.

In the embodiment described above, the pieces of the environment information are
outputted to the air conditioning device 101 and the headlights 102 by the output
selection unit 113. The output selection unit 113 may output the environment in-
formation to the modules directly or indirectly. In other words, the output from the
output selection unit 113 may be outputted directly to the modules by having the in-
formation processing apparatus and the modules connected to each other directly, or
the output from the output selection unit 113 may be outputted indirectly to the
modules by having the information processing apparatus and the modules connected
via a predetermined relay device. However, the method of outputting the pieces of en-
vironment information to the modules need not be limited to this example, and the
output selection unit 113 may be omitted.

FIG. 9 schematically illustrates a vehicle-mounted apparatus 1A according to the
present variation. In the example of FIG. 9, the plurality of neurons in the output layer
73 of the neural network 7 are associated with the two modules that use the en-
vironment information (the air conditioning device 101 and the headlights 102). Each
neuron outputs a piece of the environment information (an output value) to the corre-
sponding module. Aside from this, the vehicle-mounted apparatus 1A has the same
configuration as the vehicle-mounted apparatus 1 described above. This makes it
possible to control the modules on the basis of the environment information more
quickly, as the processing of the output selection unit 113 can be omitted.

In the present variation, the number of modules that use the environment information
need not be limited to two, and may be three or more. Furthermore, the number of
neurons in the output layer 73 may be set as appropriate in accordance with the number
of modules using the environment information and the number of output values used
by the modules.

<4.4>

In the embodiment described above, the optical sensor 3 is used as a sensor apparatus
that detects the brightness information pertaining to the brightness of the surrounding
environment 6. However, the sensor apparatus that can be used in the present invention
need not be limited to an optical sensor, and may be selected as appropriate in ac-
cordance with the embodiment. Additionally, the brightness information may be any
information indicating brightness, and in addition to the captured images of the above-
described embodiment, may be a brightness measurement value or the like. For
example, an infrared light sensor, a typical camera, or the like can be used as the
sensor apparatus. An illuminance sensor can also be used as the sensor apparatus, as il-
lustrated in the example of FIG. 10.

FIG. 10 schematically illustrates a vehicle-mounted apparatus 1B according to the
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[0120]

[0121]

[0122]

[0123]

present variation. The vehicle-mounted apparatus 1B is connected to an illuminance
sensor 300 via the external interface 16. Aside from this, the vehicle-mounted
apparatus 1B has the same configuration as the vehicle-mounted apparatus 1 described
above. The illuminance sensor 300 is constituted by a phototransistor or the like, to be
capable of measuring illuminance. In the present variation, the illuminance sensor 300
corresponds to the “sensor apparatus” according to the present invention, and the
vehicle-mounted apparatus 1B uses illuminance measurement values from the il-
luminance sensor 300 as the brightness information to input to the neural network 7.

The number of illuminance sensors 300 connected to the vehicle-mounted apparatus
1B need not be limited to one, and may be two or more. By connecting a plurality of il-
luminance sensors 300 arranged to be oriented in different directions, the vehicle-
mounted apparatus 1B can detect brightness information from different directions.

In the embodiment described above, the optical sensor 3 includes 3x3 image
capturing devices 32, and thus brightness information (captured images) can be
detected in each of three different directions. In the present variation, too, three or
more illuminance sensors 300 may be arranged to be oriented in different directions, so
that brightness information can be detected from three or more different directions.
Detecting the brightness information from three or more different directions makes it
possible to increase the diversity of the input data inputted to the neural network 7,
which in turn makes it possible to increase the accuracy of analyzing the brightness
level of the surrounding environment 6 and the factors determining the brightness.

<4.5>

In the embodiment described above, the learning device is constituted by a neural
network. However, as long as the brightness information can be used as inputs, the
type of the learning device need not be limited to a neural network, and may be
selected as appropriate in accordance with the embodiment. Aside from the neural
networks described above, a learning device constituted by a support vector machine, a
self-organizing map, or a learning device that learns through reinforcement learning
can be given as an example of a learning device that can input the plurality of captured
images 123.

<4.6>

In the embodiment described above, the vehicle-mounted apparatus 1 is described as
an example of the information processing apparatus of the environment recognition
system. In other words, the example is one in which the present invention is applied in
a vehicle-mounted system installed in a vehicle. However, the type of the information
processing apparatus need not be limited to a vehicle-mounted apparatus, and may be
selected as appropriate in accordance with the embodiment. For example, the present

invention may be applied in a control device that controls modules installed in a
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[0124]

[0125]

[0126]

[0127]

structure such as a building.

For example, in the embodiment described above, the air conditioning device 101
and the headlights 102 are given as example of the modules that use the environment
information. However, the modules that use the environment information need not be
limited to such an example, as long as the modules are devices that can use the en-
vironment information, and may include the backlight in the display of a car navigation
device, for example. Additionally, the modules that use the environment information
need not be limited to devices installed in a vehicle such as an automobile, and may
instead be an air conditioning device, a window blind device, lighting, or the like.

<4.7>

In the embodiment described above, the lens array 31 includes 3x3 lenses 311, and
accordingly, the optical sensor 3 includes 3x3 image capturing devices 32. However,
the number of lenses 311 in the lens array 31 and the number of image capturing
devices 32 need not be limited to this example, and may be set as appropriate in ac-
cordance with the embodiment. Additionally, the lenses 311 and the image capturing
devices 32 do not need to correspond one-to-one.

Furthermore, in the embodiment described above, the configuration is such that each
image capturing device 32 includes 5x5 light-receiving elements 321, and thus a
captured image having 5x5 pixels can be formed. However, the number of pixels in the
captured image formed by each image capturing device 32, or in other words, the
number of light-receiving elements 321 in the image capturing device 32, need not be
limited to this example, and may be selected as appropriate in accordance with the em-
bodiment. Additionally, each image capturing device 32 may have a different number
of pixels.

<4.8>

In the embodiment described above, a lens array is used as an example of an optical
member having a plurality of focusing units that each focus light from a subject.
However, the type of the optical member need not be limited to a lens array, and may
be selected as appropriate in accordance with the embodiment. Aside from a lens array,
the optical member may include at least one of a diffraction grating, a diffusion lens,
and a hologram lens. Additionally, an optical member that transmits light to the image
capturing devices in an irregular manner, such as a frosted glass-type plate, may be
used instead of a lens-shaped member. If a diffraction grating, a diffusion lens, or a
hologram lens is used, a part that allows light to be incident on a single image
capturing device serves as a focusing unit. In other words, although a diffraction
grating, a diffusion lens, and a hologram lens are typically formed as flat plates, a
plurality of focusing units are present in the flat plate-shaped optical member, corre-

sponding to the image capturing devices that receive the light through the optical
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[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

member. Note that the optical properties, such as the focus angle, refractive index, and
band of light allowed to pass, need not be the same for each focusing unit provided
corresponding to the image capturing devices.

<4.9>

In the embodiment described above, the optical properties of each of the lenses 311
may be set as appropriate in accordance with the embodiment. Accordingly, of the
plurality (3x3, in the embodiment) of lenses 311, at least one of the lenses 311 may be
configured to have different optical properties from the other lenses 311. The diversity
of the captured images obtained can be increased.

Furthermore, at least some of the plurality of lenses 311 may have irregular optical
properties. For example, the optical properties of the lenses 311 may be set at random.
The desired optical properties of the lenses 311 can be realized by designing the lenses
311 while adjusting at least one of the size, material, and shape of each lens 311 as ap-
propriate.

As aresult, the diversity of the captured images obtained can be increased, and thus
the accuracy of analyzing the brightness level of the surrounding environment 6 and
the factors determining the brightness can be improved. Note that at least some of the
plurality of lenses 311 having “irregular optical properties” refers to a state in which
the optical properties differ between adjacent lenses 311.

However, the range of irregularity need not be limited to part of the lens array 31,
and may instead be the entire lens array 31. For example, the optical properties may be
set to be random throughout the entire lens array 31 so that the optical properties for all
of the lenses 311 are irregular.

Additionally, as in the variation described above, the optical member in which at
least some of the focusing units have irregular optical properties can be configured as a
member aside from a lens array. For example, providing irregular non-planarities or
grooves in the surface of a frosted glass-type optical member makes it possible to set
irregular optical properties in the range where the non-planarities or grooves are
provided.

<4.10>

The vehicle-mounted apparatus 1 described above may be configured to hold a
plurality of pieces of the learning result data 122 and be capable of switching the
neural network 7 used in response to user instructions. In this case, the vehicle-
mounted apparatus 1 may obtain each piece of the learning result data 122 from the
learning apparatus 2 over the network 10, or from the storage medium 91 via the drive
17, in response to the input device 14 being operated by a user. Alternatively, the
vehicle-mounted apparatus 1 may obtain each piece of the learning result data 122 by

accepting transmissions from the learning apparatus 2. Furthermore, each piece of the
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learning result data 122 may be stored in another information processing apparatus
(storage device) such as network-attached storage (NAS), and the vehicle-mounted
apparatus 1 may obtain each piece of the learning result data 122 by accessing that

other information processing apparatus.
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Claims

An environment recognition system comprising:

a sensor apparatus configured to detect brightness information
pertaining to a brightness of a surrounding environment; and

an information processing apparatus configured to obtain, by inputting
the brightness information obtained by the sensor apparatus into a
trained learning device that has been trained for identifying a brightness
level of the surrounding environment and a factor determining the
brightness, an environment information set including information of the
brightness level of the surrounding environment and the factor de-
termining the brightness.

The environment recognition system according to claim 1,

wherein the environment information set includes a plurality of pieces
of environment information of different types; and

the learning device includes a plurality of output units, each output unit
provided for one of the pieces of environment information, and each
output unit outputting a corresponding one of the pieces of environment
information.

The environment recognition system according to claim 2,

wherein the information processing apparatus includes an output
selection unit configured to selectively output a plurality of pieces of
the environment information included in the environment information
set to a module that uses the environment information; and

the output selection unit selects environment information to use from
among the environment information outputted from the output units,
and outputs the selected environment information to the module.

The environment recognition system according to claim 3,

wherein the output selection unit selects the environment information to
use from among the environment information outputted from the output
units on the basis of details of the environment information outputted
from the output units, and outputs the selected environment information
to the module.

The environment recognition system according to claim 2,

wherein the plurality of output units are associated with a plurality of
modules that use the environment information, and each output unit
outputs a piece of the environment information to the module corre-

sponding to that output unit.
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The environment recognition system according to any one of claims 1
to 5,

wherein the sensor apparatus is configured to detect the brightness in-
formation from each of three or more different directions.

The environment recognition system according to any one of claims 1
to 6,

wherein the sensor apparatus is constituted by an optical sensor, the
optical sensor including an optical member having a plurality of
focusing units that each focuses light from the surrounding en-
vironment, and a plurality of image capturing devices, each image
capturing device provided corresponding to one of the focusing units
and configured to receive the light focused by the focusing unit and
form a captured image in which the surrounding environment appears
as the brightness information.

The environment recognition system according to claim 7,

wherein at least one focusing unit among the plurality of focusing units
has different optical properties from the other focusing units.

The environment recognition system according to claim 7 or §,
wherein at least some of the plurality of focusing units have irregular
optical properties.

The environment recognition system according to any one of claims 7
to 9,

wherein the optical member includes at least one of a lens array, a
diffraction grating, a diffusion lens, and a hologram lens.

The environment recognition system according to any one of claims 1
to 6,

wherein the sensor apparatus is constituted by one or more illuminance
Sensors.

The environment recognition system according to any one of claims 1
to 11,

wherein the learning device is constituted by a neural network, a
support vector machine, a self-organizing map, or a learning device that
learns through reinforcement learning.

The environment recognition system according to any one of claims 1
to 12,

wherein the brightness level is expressed as a continuous amount using
a predetermined physical unit, and/or as a brightness level that

represents the brightness in stages.
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[Claim 16]
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The environment recognition system according to claim 13,

wherein the predetermined physical unit is expressed as at least one of
illuminance, sunlight amount, light beams, light intensity, lumi-
nescence, light energy, and visibility.

The environment recognition system according to any one of claims 1
to 14,

wherein the factor determining the brightness is expressed by at least
one of the presence/absence of a light-shielding object that blocks light,
a type of the light-shielding object, whether or not the sun is out, the
weather, the time, and a level of urbanization.

A learning apparatus comprisingan information obtainment unit
configured to obtain brightness information pertaining to a brightness
of a surrounding environment from a sensor apparatus configured to
detect the brightness information; and

a learning processing unit configured to train a learning device to
output an environment information set including information of a
brightness level of the surrounding environment and a factor de-
termining the brightness upon the obtained brightness information

being inputted.



WO 2018/155018

[Fig. 1]

[Fig. 2]

1/9

PCT/JP2018/001305

LEARNING
APPARATUS

1071

EADLICH T~ 109

i madiae
M'-\,

YERRCLE-MOUNTELDY APPARAIUS

STORAGE UNIY

B Y ELONMENT
N

1 LEARNING
RESULT DATA

S

CONTROL
LNIL

CRU

RAM

o

e AUATION,

IRPUTTT
DBENICE

ROM 3

FHTERNAL

‘ OPFTICAL
I~F SENS

SENSGR

EXTRERNAL Lo

OUTPeT
REVICE

DRIVE

IL-F - 101

EXTERNAL

FEADLIGHTY

STORAGE

LF 102

?

MEDIUM

EUEA “ s

X
3
¥

/
18



2/9

PCT/JP2018/001305

WO 2018/155018

[Fig. 3A]

31

R AR KT S N RGN BN BB LG YT VY B SBT3 G

£
g

e i v
LR

7

f-&-akﬁe-uawvw-.awﬁ-
W, I

¥
e, e

TR FEARE SRR R

AT pa A
E

PRI T IRET S 2P L TS S P Y FX T R T SR P e R

FEARNPEIXNRLERNE I RBEEA KB ERRK T CRNARIR AR S

*

R LT T




3/9

WO 2018/155018 PCT/JP2018/001305
[Fig. 3B]
311 32
{
321
31 “ . 7
\ o
&’} -1 \E A P : 3
X jg /—V‘
X HR ah

(f \X/
N fo | N b




4/9

WO 2018/155018 PCT/JP2018/001305

[Fig. 4]

LEARNING APPARATUSR

22 -4 STORAGE UNIT | CONTROD
IINIT

g i LEARNING e

C¥ER e T e 3

221 1 PROGRAN CPU

Pt 21

22277RH DaTa

+

LEARNING '] RAM

¥

ROM

{50l | | LEARNING
122 RESULT DATA 99

o

; s : INPUT CNRRDRCATIE
24 ] PTT
= VIR . Y

6 ot ] IRITPUT {3

_DEVICE
EXTERNAL OPTH AL

{ O )¢ mm”é} DRIVE | Lop T T SENSOR |

STORAGE
METHUM 2

im,

O B ue
fate]
3



5/9

PCT/JP2018/001305

WO 2018/155018

[Fig. 5]

SSINIHOTAY
ONINDVIELH
MOLOVA
,.mukl.l

mww
{

e BN 5350

A
|

MEL AN

1IN sl *
LT T AH%:F%??C&VL. 3 ®
L3

L AdLA0 A0 TVA 114100}

HAOVINT
T En LYy

¢
£21

’?‘

NN AR AT AN LN AYE N AN

¢ o
o f FHATE
et mmmﬁﬁmm&mm,w

VIVE LTISTI |
oy | 66

o s e s i s s e i SO S i i D N O P P R P PP KR S0 S Pl Ko PN Il I R BN O R A Nl N AT R BN O P R ol A0 A Rl o AR T, B B, R St R, Pt Ko s

BT AN LA

LANSE ENHINNIYLHOY ,
7, LT | ! A — R A v
s : 2 m. MLV TOHOINT $8AN IHE

SEUIVHVAAY QHINDOWH T HHAA

AOSNIS
Y3140

{

£




6/9

WO 2018/155018 PCT/JP2018/001305

[Fig. 6]

e 1

LEABRNING APPARATLS

CTTRENTNG AT e TTARRING 912
oprannENTuNT P2t PROCESSING Unir 212

o A Kl S o e M R O G O S i e o i W N YR i, W . S O i, A . N i R s O O D R, 8 2N A RN A A WA A S 8 A N

LEARKING BATARy 3 I, i

CTCAPTURED
IMAGE

Y
EL AP RNPCPNPNER PRGN PN PNOND

areme A A

Ferarsrararny
H

ol

:
:
:

GUTPUT
VALUE

s

i

{
OPTICAL
SENSOE

PO—

k4

™

~8

LEARNING L yoq
RESULTDATA| ¢




7/9

WO 2018/155018 PCT/JP2018/001305

[Fig. 7]

S101 -4 OBTADY BRIGHTNESS INFORMATION

hd
CARRY QOUT COMPUTATIONS OF NEURAL
NETWOREK USING OBTAINED BRIGHTNESS
INFORMATION A8 INPUT

ST ™

¥*
DR TAIN EXVIRONMENT INFORMATION SET
ONF AS{\ (}} OUTPUT VALUE

STOS "™

“l“

! 2 i{\d{}ix\,h\ii{)\ l{}B%

$104

[Fig. 8]

o R OB TAIN TEARNING TATY
S201 . INCLUDING BRIGHTNESS
PNFORMATION

N

B CARRY GUT LEARNING PROCESS
3202 7N O NEURAL NETWORK

ko

S203 77 d STORE LEARNING RESLLT DATA




8/9

PCT/JP2018/001305

WO 2018/155018

[Fig. 9]

RIHDYV IV EH

]

SSANLHOTE ]
DRIRTNEAI A HOIOVE

(NOLIVINGOINT

INAPNOEIANT

A0TVA L 100

e .m\l!!u

THAHTTESENIHOMG ]

£31
m,

VIV JINSHY
SNDRIVEE

AR

LING INTONNIVIHO
MO LVPRIOANT TN MOV AN

-

I
CENOLLAY

o
»
»

#HOSNHS

FrvoLLdo

ADVINL

TR0 LAV

el

!
£z1

e, e o s v, - i AR e A AR N N A L TP D T O P I N7\t B i, T N N, B o N, N Y O 10 N Nt N T B N S O .t o P 8 S o

IR Taw

LENGE LRANNIVIE
NOLIVINHOANT S8ANTHOTHE

ooy

(
£




WO 2018/155018

[Fig. 10]

PN
1217

13 .

N

9/9

PCT/JP2018/001305

VEHICLE-MOUNTEDR APPARATUS

STORAGE UNIT

7

ENVIRGNAMENT
RE N

EROURANL,

S

LNIE

LEARNING

CRU

5
a

B RSN

4 ANPUTL
DEVIECE
R e OUITPUT
AN > DEVICE

STORAGE

MEDIUM

L7F

DRIVE

CONTELH

300
\

~18 {

LAF

EXTERNAL

Y

N 5

TLLIMENARNCE]
SEXNSOR

AR

LoF

EXTERNAL

CONDITRONDSE
SYEVICE

101

LAF

HEADLIGHTS

L R

by
£

3
18

107




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2018/001305

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6K9/00
ADD.

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

B. FIELDS SEARCHED

GO6K

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

A CEWU LU ET AL:
Classification",

MACHINE INTELLIGENCE,
vol. 39, no. 12,

2510-2524, XP055468688,
USA

ISSN: 0162-8828, DOI:
10.1109/TPAMI.2016.2640295
Sections 1-3;

abstract

"Two-Class Weather

TEEE TRANSACTIONS ON PATTERN ANALYSIS AND

14 December 2016 (2016-12-14), pages

1-16

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

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

"&" document member of the same patent family

Date of the actual completion of the international search

19 April 2018

Date of mailing of the international search report

02/05/2018

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Alecu, Teodor Iulian

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2018/001305

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

A

ELHOSEINY MOHAMED ET AL: "Weather
classification with deep convolutional
neural networks",

2015 TEEE INTERNATIONAL CONFERENCE ON
IMAGE PROCESSING (ICIP), IEEE,

27 September 2015 (2015-09-27), pages
3349-3353, XP032827046,

DOI: 10.1109/ICIP.2015.7351424
[retrieved on 2015-12-09]

the whole document

YAN XUNSHI ET AL: "Weather Recognition
Based on Images Captured by Vision System
in Vehicle",

26 May 2009 (2009-05-26), ECCV 2016
CONFERENCE; [LECTURE NOTES IN COMPUTER
SCIENCE; LECT.NOTES COMPUTER], SPRINGER
INTERNATIONAL PUBLISHING, CHAM, PAGE(S)
390 - 398, XP047398014,

ISSN: 0302-9743

ISBN: 978-3-319-69952-3

the whole document

1-16

1-16

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

page 2 of 2




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report

