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An information presentation apparatus includes: a status
estimation unit that identifies one or more tasks from input
information which has been input, and task information
indicative of one or more tasks indicating a status; a load
estimation unit that identifies one or more subtasks based on
each of the identified tasks and subtask information indica-
tive of one or more subtracts, each indicating a work element
possibly executed by an operator, in the status of each task,
and acquires a required load amount, which is a mental load
on each of the one or more subtasks, based on the identified
subtask and required subtask amount information indicative
of the required load amount; a margin estimation unit that
acquires a margin based on the acquired required load
amount; and a presented information selection unit that
selects information to be presented based on the margin.
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INFORMATION PRESENTATION
APPARATUS AND METHOD, AND
COMPUTER PROGRAM PRODUCT

TECHNICAL FIELD

[0001] The present invention relates to an information
presentation apparatus and method, and a computer program
product.

BACKGROUND ART

[0002] PTL 1 describes a “navigation system including: a
drive pathway data storing means that stores drive pathway
data indicative of a drive pathway where a vehicle driven by
a user is scheduled to run; a correlation data storing means
that stores workload correlation data indicative of a corre-
lation between a behavior and workload of the user who is
driving the vehicle; an information-to-be-provided storing
means that stores information scheduled to be provided
which is information to be provided to the user when driving
on the drive pathway; a user behavior estimation processing
means that executes user behavior estimation processing for
estimating the behavior of the user who is driving on the
drive pathway, on the basis of the drive pathway data; a
workload prediction processing means that executes work-
load prediction processing for predicting the workload cor-
responding to the behavior of the user who is driving on the
drive pathway, on the basis of the estimated behavior of the
user and the workload correlation data; a scheduling pro-
cessing means that executes scheduling processing for deter-
mining timing to provide the user with the information
scheduled to be provided when driving on the drive pathway,
on the basis of the predicted workload; and an information
output means that outputs the information scheduled to be
provided to the user at the timing.”

[0003] PTL 2 describes a “driving assistance apparatus
including: a case storage means that stores a plurality of a
driver’s types, which are classified according to a combina-
tion of at least either law compliance tendency or informa-
tion collection ability of the driver, and a degree of driving
operation skills, and a plurality of case data indicative of a
dangerous status of a vehicle by associating the plurality of
the driver’s types with the plurality of case data; a classifi-
cation means that classifies an assistance target driver into
any one of the plurality of types on the basis of the
combination of either the law compliance tendency or the
information collection ability of the assistance target driver,
and the degree of the driving operation skills; an extraction
means that extracts case data corresponding to the type
classified by the classification means from the case storage
means; and a drive assistance means that assists driving by
the assistance target driver on the basis of the case data
extracted by the extraction means.”

CITATION LIST

Patent Literature

[0004]

[0005] PTL 2: Japanese Patent Application Laid-Open
Publication No. 2008-46759

PTL 1: Japanese Patent No. 4637073

Aug. 24,2017

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] The technique described in PTL 1 is used for the
workload correlation data indicative of the correlation
between the behavior and the workload of the user. Specifi-
cally speaking, it is necessary to define a status and a mental
workload (hereinafter referred to as WL) in that status in
advance. However, in fact, almost countless numbers of
statuses can exist. It is difficult to define and measure all
WLs in these statuses and expansion is not easy. Further-
more, the status may change due to many factors such as not
only external factors, but also internal factors, and it is very
difficult to calculate the WL in such status.

[0007] Regarding the technique described in PTL 2, it is
disclosed that the type is identified by analyzing the user’s
behavior based on the content of driving operation and a
driving assistance method is changed according to the type.
Specifically speaking, certain optimization for the user is
performed, but the driving assistance method is to present
accident cases to the user and, therefore, it is not considered
as appropriate assistance by assuming individuals’ work-
loads with respect to timing and content of information
presentation.

[0008] The present invention was devised in consideration
of the above-described circumstances and it is an object of
the invention to provide an information presentation tech-
nique that provides a high level of coverage with respect to
an enormous amount of statuses, realizes easy maintenance
and management, and takes users’ individual mental loads
into consideration.

Means to Solve the Problems

[0009] According to a first aspect of the present invention,
an information presentation apparatus includes: a storage
unit that stores task information indicative of one or more
tasks each indicating a status, subtask information indicative
of one or more subtasks each indicating a work element
possibly executed by an operator in the status of each task
according to a first variable indicative of habituation of the
operator with respect to each of the one or more tasks
regarding each piece of the task information, and required
subtask amount information indicative of a required load
amount indicative of a mental load on each of the one or
more subtasks according to a second variable indicative of
a safe driving tendency the operator; an information acqui-
sition unit to which input information about the status is
input from one or more external information sources; a
status estimation unit that identifies the one or more tasks
based on the input information and the task information; a
driving characteristics judgment unit that generates the first
variable indicative of habituation of the operator with
respect to each of the one or more tasks regarding each piece
of the task information and the second variable indicative of
the operator’s safe driving tendency, based on the input
information; a personal characteristics information manage-
ment unit that generates operator-based subtask information
based on the first variable, the second variable, and the
subtask information; a load estimation unit that identifies the
one or more subtasks based on the one or more tasks
identified by the status estimation unit, and the operator-
based subtask information, and the load estimation unit also
acquires the required load amount based on the identified
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one or more subtasks and the required subtask amount
information; a margin estimation unit that acquires a margin
based on the acquired required load amount; and a presented
information selection unit that selects information to be
presented based on the margin.

Advantageous Effects of the Invention

[0010] According to the technique of the present inven-
tion, the information presentation technique that provides a
high level of coverage with respect to an enormous amount
of statuses, realizes easy maintenance and management, and
takes the mental load into consideration can be imple-
mented. Other objects, configurations, effects, and so on will
be made clear in the description of embodiments below.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is an example of a block diagram of an
information presentation apparatus according to this
embodiment;

[0012] FIG. 2 is an explanatory diagram of an example of
a task condition table;

[0013] FIG. 3 is an explanatory diagram of an example of
a subtask table;
[0014] FIG. 4 is an explanatory diagram of an example of

a required subtask amount table;

[0015] FIG. 5 is an explanatory diagram of an example of
a load weighting table;

[0016] FIG. 6 is an explanatory diagram of an example of
an information presentation table;

[0017] FIG. 7 is a hardware configuration example of each
of an information presentation apparatus, a data server, and
a computer,

[0018] FIG. 8 is an example of a processing flowchart of
the information presentation apparatus;

[0019] FIG. 9 is an example of input information;
[0020] FIG. 10 is an example of a flowchart of status
estimation processing (S802);

[0021] FIG. 11 is an example of effective task group
obtained as a result of the status estimation processing;
[0022] FIG. 12 is an example of a flowchart of subtask
estimation processing (S803);

[0023] FIG. 13 is an example of an effective subtask group
generated by the subtask estimation processing;

[0024] FIG. 14 is an example of a flowchart of load
calculation processing (S804);

[0025] FIG. 15 is an example of a screen displayed when
a presentation request is not input from any of presented
information sources;

[0026] FIG. 16 is an example of a screen displayed when
a presentation request is input from a presented information
source which is a music player;

[0027] FIG. 17 is an example of a screen displayed when
a presentation request is input from a presented information
source which is a navigation system;

[0028] FIG. 18 is an example of a screen displayed when
a presentation request is input from a presented information
source which is ADAS;

[0029] FIG. 19 is an example of input information
acquired as chronological information;

[0030] FIG. 20 is an example of a screen which displays
chronological margins;
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[0031] FIG. 21 is an example of a screen in which a
driver’s preference for the margin with respect to a pathway
to guide them is set;

[0032] FIG. 22 illustrates transitions of the margin upon
moving;
[0033] FIG. 23 is an example of a screen for creating and

updating a task condition table;

[0034] FIG. 24 is an example of a screen for creating and
updating a subtask table;

[0035] FIG. 25 is an example of a screen for creating and
updating a required subtask amount table;

[0036] FIG. 26 is an example of a block diagram of an
information presentation apparatus according to this
embodiment;

[0037] FIG. 27 is an explanatory diagram of an example of
the subtask table;

[0038] FIG. 28 is an explanatory diagram of an example of
the required subtask amount table;

[0039] FIG. 29 is an explanatory diagram of an example of
a personal characteristics information table;

[0040] FIG. 30 is an explanatory diagram of an example of
an individual-based subtask table;

[0041] FIG. 31 is an example of a flowchart of personal
information initialization processing;

[0042] FIG. 32 is an example of a screen for selecting
driving history;
[0043] FIG. 33 is an example of a screen for selecting

information notice frequency;

[0044] FIG. 34 is an example of a flowchart of individual-
based subtask table creation processing;

[0045] FIG. 35 is an example of a flowchart of personal
characteristics information table update processing;

[0046] FIG. 36 is an example of a flowchart of individual-
based subtask table update (S3504) processing; and

[0047] FIG. 37 is an example of a screen for creating and
updating a personal characteristics information table.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0048] An embodiment of the present invention will be
explained below in detail with reference to the drawings. In
the following description, the same reference numerals are
assigned to the same components and an explanation about
them has been omitted.

[0049] In the following description, an information pre-
sentation apparatus will be explained as an object that can
move together with a mobile object. The mobile object
herein used means an object capable of moving by means of
either one of external and internal moving functions, such as
a vehicle or a human themselves. Moreover, an operator
means a person to whom presented information presented
and controlled by the information presentation apparatus is
presented and who conducts actions, behaviors, operations,
and acts which are directly or indirectly related to move-
ments of the mobile object. Specifically speaking, for
example, when the mobile object is a vehicle, the operator
is a driver of that vehicle; and when the mobile object is a
person, the operator is that person. The actions, behaviors,
operations, and acts which are directly or indirectly related
to movements of the mobile object will be also hereinafter
collectively referred to as work.

[0050] In the following description, the information pre-
sentation apparatus will be explained as an apparatus that is



US 2017/0243518 Al

mounted in a vehicle and controls provision of, for example,
pathway guidance, vehicle alarms, information about safety
assistance, and infotainment such as a music player, to the
operator; however, the information presentation apparatus
will not be limited to this example.

[Description of Configuration]

[0051] FIG. 1 is an example of a block diagram of an
information presentation apparatus according to this
embodiment. An information presentation apparatus 100
includes, for example, one or more information acquisition
units 110, a status estimation unit 120, a load estimation unit
130, a margin estimation unit 140, a presented information
selection unit 150, a storage unit 160, an output unit 170, and
an input unit 180. The storage unit 160 stores, for example,
a task condition table 161, a subtask table 162, a required
subtask amount table 163, a load weighting table 164, and an
information presentation table 165.

[0052] The task condition table 161 defines one or more
tasks indicative of the current status. The subtask table 162
defines a subtask or subtasks which are one or more work
elements with respect to each task. The required subtask
amount table 163 defines a required load amount of each
subtask. The load weighting table 164 defines, for example,
weight applied to the required load amount. The information
presentation table 165 defines conditions of the margin when
presenting information. The details of each table will be
described later.

[0053] There may be one or more information acquisition
units 110 and one or more external information sources 191,
respectively; however, in this embodiment, the information
presentation apparatus 100 has an information acquisition
unit 110a to an information acquisition unit 110¢ and each
of the information acquisition unit 110a to the information
acquisition unit 110c¢ receives input information from each
of an external information source 191a to an external
information source 191¢. However, the information acqui-
sition units 110 and the external information sources 191 do
not need to have a one-to-one relationship.

[0054] There is no particular limitation on the type of the
external information source 191 as long as it acquires the
input information which is information to judge the status,
such as information about the vehicle itself, outside the
vehicle, the operator, and so on. An example of such external
information source is a CAN (Controller Area Network)
capable of acquiring vehicle information which is composed
of, for example, speeds, accelerator quantity, brake status,
turning indicator status, etc. of the vehicle. Furthermore,
there is a car navigation system capable of acquiring, for
example, a class of a road where the vehicle is running,
intersection information, driving position coordinates, trav-
eling directions at intersections as a driving plan, and
information about roads to drive.

[0055] Moreover, there is an Advanced Driving Assistance
System (hereinafter referred to as ADAS) that measures a
surrounding area of the vehicle by using cameras and
sensors such as infrared radiation sensors, detects running
vehicles and pedestrians ahead of and around the vehicle,
detects distances from them or time until a collision with
them, detects a driving lane, and detects departure from the
driving lane. Furthermore, there is a VICS (Vehicle Infor-
mation and Communication System [registered trademark])
that provides traffic jam information, parking guidance
information, weather information, lane regulations, etc. by
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using radio waves and beacons. Furthermore, there is an
Intelligent Transport System (hereinafter abbreviated as
ITS) capable of evaluating the relationship between the
operator’s own vehicle and other vehicles by means of
communications with the other vehicles and the transporta-
tion infrastructure.

[0056] Moreover, the data server 192 may function as an
external information source and provide transportation
information, weather information, and other information via
communications networks such as the Internet not illustrated
in the drawing.

[0057] The information acquisition unit 110 supports pub-
lic communication techniques, for example, serial commu-
nications such as USB (Universal Serial Bus) and network
communications using protocols such as TCP/IP (Transmis-
sion Control Protocol/Internet Protocol) and HTTP (Hyper-
text Transfer Protocol). Serialized information may be input
to the information acquisition unit 110 from files transmitted
from a storage device (which is not indicated in the diagram)
in consideration of temporal timing. Moreover, at least one
appropriate information acquisition unit 110 may be selected
from among the plurality of information acquisition units
110 according to the input information and the input timing.
[0058] The status estimation unit 120 identifies one or
more tasks based on the input information and the task
condition table 161. The load estimation unit 130 identifies
one or more subtasks based on each of the identified tasks
and the subtask table 162 and acquires a required load
amount based on the identified each of the subtasks, the
required subtask amount table 163, and so on. The margin
estimation unit 140 acquires a margin based on the required
load amount. The presented information selection unit 150
selects information to be presented from the margin and the
information presentation table 165. Under this circumstance,
the information to be presented can be acquired from one or
more presented information sources 194. Referring to FIG.
1, a presented information source 194a to a presented
information source 194c¢ are indicated, but the number of the
presented information sources 194 is not limited to this
example.

[0059] Each piece of information such as the presented
information is output to the output unit 170. Information to
be input to the information presentation apparatus 100 is
input to the input unit 180. FIG. 1 illustrates an example in
which the output unit 170 and the input unit 180 are
respectively provided in the information presentation appa-
ratus 100; however, the invention is not limited to this
example and the output unit 170 and the input unit 180 may
be provided outside the information presentation apparatus
100. Furthermore, there may be more than one output unit
170 and more than one input unit 180, respectively.

[0060] There is no particular limitation on the presented
information source as long as it can provide the presented
information to be presented to the operator. Examples of the
presented information source and the presented information
are vehicle alarms such as a low fuel warming and a charge
alarm provided from a specified system (such as ECU
[Electronic Control Unit]) included in the vehicle. More-
over, examples of the presented information source and the
presented information include alarms and cautions such as a
warning of collision with a vehicle in front and a pedestrian
hit warning which are provided by ADAS. Furthermore,
examples of the presented information source and the pre-
sented information include traffic jam information, parking
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guidance information, weather information, and lane regu-
lations which are provided by VICS. Furthermore, examples
of the presented information source and the presented infor-
mation include map displays, traveling directions, and so on
provided by a navigation system. Furthermore, the provided
information may be information for infotainment. Such
information for the infotainment relates to each information
of, for example, operation modes of a music player, album
name information, and song title information and these
pieces of information can be provided from the music player
or other systems mounted in the vehicle. Furthermore, the
provided information may be e-mails or messages provided
from arbitrary applications. Furthermore, the aforemen-
tioned provided information may be acquired from the data
server 192 via a communications network not indicated in
the diagram.

[0061] Incidentally, the presented information source 194
may function as the external information source 191 to
which the input information is input. On the other hand, the
external information source 191 may function as the pre-
sented information source 194 that provides the presented
information.

[0062] Furthermore, the computer 193 is connected to the
information presentation apparatus 100 via the communica-
tions network not indicated in the drawing and the data
server 192, via the communications network not indicated in
the drawing, or directly.

[0063] Now, an example of tables stored in the storage unit
160 will be explained in detail. Each of the tables explained
below may be stored in the storage unit 160 in advance, or
may be created or updated at any desired timing.

[0064] FIG. 2 is an explanatory diagram of an example of
the task condition table. Each record of the task condition
table 161 includes a task ID 201, a category 202, a task name
203, and one or more input conditions 204 (an input con-
dition 204q to an input condition 204¢ in the case of FIG. 2).
The input condition 204 includes an input item 211 (an input
item 211a to an input item 211¢ in the case of FIG. 2) and
a condition 212 (a condition 2124 to a condition 212¢ in the
case of FIG. 2). The input item 211 indicates a type of
information and the condition 212 defines a condition for a
value of the input item 211 for the same record.

[0065] The task condition table 161 defines conditions for
identifying each of the tasks. The task herein used means a
status which relates to at least either one of the mobile object
and the operator and in which the operator can be made to
perform work and a mental load may be imposed on the
operator. FIG. 2 illustrates an example in which a task is
classified into any one of a driving task, a location task, a
surrounding task, a physical task, and a dynamic factor as
shown in the category 202. The driving task, the location
task, the surrounding task, and the physical task among the
above-mentioned tasks are applied to the status which
relates to at least either one of the mobile object and the
operator and in which the operator is made to perform the
work and the mental load is imposed on the operator.
[0066] As examples of the driving task, stop, start, accel-
eration, etc. at the time of driving are defined. As examples
of the location task, locations and behaviors at such loca-
tions such as going straight at a four-way intersection with
traffic lights, turning right at the four-way intersection, and
turning left at the four-way intersection are defined. As
examples of the surrounding task, detection of a vehicle in
front, a degree of approach to the vehicle in front, and
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similarly the relationship with pedestrians, etc. are defined.
As examples of the physical task, backlight, night and dark
places, etc. are defined. These can be defined as appropriate
according to the work performed during movements of the
mobile object. Furthermore, behavior elements may be
classified to expand the table by referring to the aforemen-
tioned category classification as set forth in the ISO standard
ISO 10075.

[0067] Furthermore, FIG. 2 illustrates an example of fur-
ther defining the dynamic factor. The dynamic factor is a
weight applied to the status which relates to at least either
one of the mobile object and the operator and in which the
operator is not necessarily made to perform the work with
respect to only that dynamic factor, but the mental load can
be imposed on the operator. FIG. 2 illustrates an example in
which the dynamic factor is defined by a speed and an
inter-vehicle distance. This dynamic factor can be defined
by, for example, an intensity function “f(v, x)” by using a
vehicle speed v and an inter-vehicle distance x as input
variables. Accordingly, not only the mental load caused by
performing the work, but also the mental load caused by the
status can be considered by defining the dynamic factor.

[0068] Incidentally, the dynamic factor is not limited to the
above-mentioned example. For example, a discrete value
indicating, for example, the weather which is input as the
input information may be used to define the dynamic factor.
In this case, for example, when the weather information
input is “sunny,” a mapping table which sets load intensity
as 1.0 as reference and defines “cloudy” as 0.95, “rain” as
1.1, “snow” as 1.2, and so on and the dynamic factor may be
acquired according to the input information that is actually
input.

[0069] Furthermore, the tasks do not necessarily have to
be categorized into any one of the categories and the
categories are not limited to those indicated in the drawing.

[0070] The input condition 204 defines a condition to
judge, based on the input information, that the current status
is a task (status) indicated in the task name 203 of the same
record. Referring to FIG. 2, when conditions of all the input
conditions 204 of the same record are satisfied, that is, when
conditional expressions of all the conditions 212 are satis-
fied, it is judged that the relevant task is effective.

[0071] FIG. 3 is an explanatory diagram of an example of
the subtask table. Each record of the subtask table 162
includes a task 1D 301, a category 302, a task name 303, and
one or more subtasks 304 (a subtask 304q to a subtask 304e
in FIG. 3). The task ID 301, the category 302, and the task
name 303 of the subtask table 162 correspond to the relevant
items of the aforementioned task condition table 161,
respectively.

[0072] The subtask table 162 defines conditions to identify
each of the subtasks. The subtask herein used means a work
element which may possibly be executed by the operator in
the status indicated by the task. Under this circumstance, one
or more subtasks are defined for one task. Therefore, for
example, regarding one task whose task name 303 is, for
example, “start,” a plurality of subtasks 304 such as
“P_CHK_F (pedestrian check (front))” and “V_CHK_F
(vehicle check (front)))” can be defined.

[0073] The subtasks are, for example, work such as check
work, judgment work, and operations conducted by the
operator when they actually drive a vehicle. These subtasks
with respect to, for example, driving a vehicle can be defined
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in accordance with driving instructional regulations and
manners or check work generally conducted on the operator
on an empirical manner.

[0074] FIG. 4 is an explanatory diagram of an example of
the required subtask amount table. Each record of the
required subtask amount table 163 includes a subtask 1D
401, a category 402, a subtask name 403, a required load
amount 404, and a coeflicient 405. The subtask name 403 of
the required subtask amount table 163 corresponds to the
subtask 304 of the aforementioned subtask table 162.
[0075] The required load amount 404: indicates a mental
load on the operator when performing work defined by the
subtask; and can indicate a required amount for each of one
or more required attributes. The required attributes indicate
the types of work which imposes the mental load on the
operator. FIG. 4 illustrates an example in which the required
attributes include a visual requirement 404a, a hearing
requirement 404b, a recognition/judgment requirement
404c¢, a mental operation requirement 4044, and so on.
Regarding these attributes, definitions of required amounts
which are defined by conventional studies can be used and
intensity of each required attribute of each subtask can be
defined. However, the required attributes are not limited to
those mentioned above. For example, a degree of unpleas-
antness, time pressure, a degree of dissatisfaction, and so on
may be defined as other required attributes.

[0076] The coefficient 405 is defined as a weight for the
relevant subtask and can be defined on the basis of, for
example, actual work time and the number of times of work
of the subtask.

[0077] FIG. 5 is an explanatory diagram of an example of
the load weighting table 164. Each record of the load
weighting table 164 includes a requirement ID 501, a
requirement name 502, and a weighting coefficient 503. The
requirement name 502 corresponds to each of the required
attributes included in the required load amount 404 of the
required subtask amount table 163. The weighting coeffi-
cient 503 is defined as weighting applied to each of the
required attributes.

[0078] FIG. 6 is an explanatory diagram of an example of
the information presentation table. Each record of the infor-
mation presentation table 165 includes an item number 601,
an information source name 602, an information type 603, a
required presentation amount 604, and a presentation time
605. The information source name 602 and the information
type 603 indicate provided information which are provided
from the presented information source 194. The required
presentation amount 604 indicates a condition to judge
whether to provide the provided information or not; and in
this example, the required presentation amount 604 indicates
the operator’s margin required to provide the provided
information. The margin will be described later. The pre-
sentation time 605 indicates duration to present the provided
information.

[0079] FIG. 7 is a hardware configuration example of each
of the information presentation apparatus, a data server, and
a computer. A computer 700 (the information presentation
apparatus 100, the data server 192, or the computer 193)
includes an arithmetic device 701, a memory 702, an exter-
nal storage device 703, a storage media driving device 704,
an input device 706, an output device 707, a communication
device 708, an I/F (Interface) 709, and so on.

[0080] The arithmetic device 701 is, for example, a CPU
(Central Processing Unit). The memory 702 is a volatile or
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nonvolatile memory. The external storage device 703 is, for
example, an HDD (Hard Disk Drive) or an SSD (Solid State
Drive). The storage media driving device 704 can read data
from, or write data to, a CD (Compact Disk), a DVD (Digital
Versatile Disk), or other arbitrary portable storage media
705. The input device 706 includes a touch panel, a key-
board, numeric key pads, a mouse, and a microphone. The
output device 707 includes, for example, displays such as a
liquid-crystal monitor, a head-up display, a video projector,
and a character output device, devices such as an amplifier,
a speaker, and headphones for displaying auditory informa-
tion such as sounds, music, and acoustic icons, display
devices by means of the sense of touch such as pressures and
temperatures, and olfactory devices for outputting chemical
substances by, for example, generating odors. The input
device 706 and the output device 707 may be implemented
by one device such as a touch panel. The communication
device 708 is, for example, an NIC (Network Interface Card)
for connecting to the communications network not indicated
in the drawing. The I/F 709 is an interface for connecting to
external equipment.

[0081] Each of the status estimation unit 120, the load
estimation unit 130, the margin estimation unit 140, and the
presented information selection unit 150 can be imple-
mented by loading a specified program to the memory 702
and having the arithmetic device 701 execute the program.
[0082] This specified program may be downloaded from
the storage medium 705 via the storage media driving device
704, or from the communications network not indicated in
the drawing via the communication device 708, into the
external storage device 703, then loaded to the memory 702,
and executed by the arithmetic device 701. In this way, the
program is supplied as a data signal (carrier waves) received
via the communication device 708 or as a computer program
product of the storage medium 705 or the like. Furthermore,
the program may be directly loaded to the memory 702 from
the storage medium 705 via the storage media driving device
704 or from the communications network via the commu-
nication device 708 and executed by the arithmetic device
701.

[0083] Alternatively, some or all of the status estimation
unit 120, the load estimation unit 130, the margin estimation
unit 140, and the presented information selection unit 150
may be implemented as hardware by means of, for example,
circuits.

[0084] Furthermore, the storage unit 160 may be imple-
mented by all or some of the memory 702, the external
storage device 703, the storage media driving device 704,
the storage medium 705, and so on. Alternatively, the
storage unit 160 may be implemented by having the arith-
metic device 701 execute the aforementioned program and
controlling some or all of the memory 702, the external
storage device 703, the storage media driving device 704,
the storage medium 705, and so on.

[0085] Furthermore, the output unit 170 can be imple-
mented by the output device 707. The input unit 180 can be
implemented by at least either one of the input device 706
and the I/F 709. Furthermore, the input unit 180 may be
implemented by an input device which is connected via the
communications network not indicated in the drawing and
the communication device 708. Furthermore, the input unit
180 can be implemented by control of the I/F 709 or the
communication device 708 by means of a function that is
implemented by loading a specified program to the memory
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702 and having the arithmetic device 701 execute the
program. The information acquisition unit 110 can be imple-
mented by the I/F 709 or the communication device 708 or
by causing a function that is implemented by loading the
specified program to the memory 702 and having the arith-
metic device 701 execute it to control the I/F 709 or the
communication device 708.

[0086] Each of the external information source 191, the
presented information source 194, and the data server 192
may be connected to the information presentation apparatus
100 via at least either one of the communication device 708
and the I/F 709.

[0087] Furthermore, each unit of the information presen-
tation apparatus 100 may be implemented by one device or
may be implemented by being distributed to a plurality of
devices.

[Description of Processing] FIG. 8 is an example of a
processing flowchart of the information presentation appa-
ratus. This operation is executed at every specified time (for
example, every 0.5 [sec]). Furthermore, the following expla-
nation will be given assuming that a presentation request for
the operator to present the presented information is input
from one or more presented information sources 194 to the
presented information selection unit 150 for the information
presentation apparatus 100.

[0088] Firstly, each of the information acquisition units
110 acquires the input information from each of the external
information sources 191 (S801). The then-acquired input
information is transmitted to the status estimation unit 120.
The status estimation unit 120 executes status estimation
processing for acquiring an effective task group, which is
one or more tasks, according to the input condition by using
the task condition table 161 (S802). The details of the status
estimation processing will be explained later. The status
estimation unit 120 transmits the acquired effective task
group to the load estimation unit 130.

[0089] FIG. 9 is an example of the input information. The
example of input information 900 shows that a vehicle speed
42[km/h], a steering wheel’s steering angle 2 [degrees], an
accelerator amount 0[%], a brake status OFF, and so on are
input as vehicle information from CAN as the external
information source 191a. Furthermore, it is shown that a
general road as a road class, a four-way intersection with
traffic lights as a point shape, right as a traveling direction,
and so on are input as information from the car navigation
system as the external information source 1915. Further-
more, it is shown that detecting a vehicle in front ON, the
inter-vehicle distance 1.8 [sec], a warning of a collision with
a vehicle in front OFF, and so on are input as ADAS
information from the external information source 191c.
[0090] Incidentally, when two or more pieces of input
information are input from the external information source
191 and each of two or more information acquisition units
110 acquires the input information, either one of the infor-
mation acquisition units 110 may transmit the two or more
pieces of input information collectively to the status esti-
mation unit 120 as an example is illustrated in the input
information 900.

[0091] The load estimation unit 130 executes subtask
estimation processing for dividing each task of the effective
task group into subtasks and acquiring an effective subtask
group by using the subtask table 162 (S803). Next, the load
estimation unit 130 executes load calculation processing for
calculating the load on the operator in the current status by
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using the subtask table 162, the required subtask amount
table 163, and the load weighting table 164 (S804).

[0092] The margin estimation unit 140 executes margin
estimation processing (S805). Therefore, the margin estima-
tion unit 140 defines the margin as an amount calculated by
subtracting the load amount calculated by the load estima-
tion unit 130 from a load limit amount.

[0093] The load limit amount is a maximum value of the
mental load imposed on the operator. The load limit amount
may be a logical maximum value of the aforementioned
required load amount, an actually measured value of the
required load amount when performing specific work with a
high load, or an estimate value of the then-calculated
required load amount; however, the load limit amount is not
limited to these values. The following description will be
given by assuming that the load limit amount is determined
in advance. However, the load limit amount is not limited to
this example and may be made variable depending on an
established task or subtask.

[0094] The margin estimation unit 140 calculates the
margin as the difference between the load limit amount and
the required load amount calculated by the aforementioned
processing and transmits the calculated margin to the pre-
sented information selection unit 150.

[0095] Under this circumstance, an explanation will be
given about an example in which the required load amount
is within a range from 0 to 100 for ease of explanation and
the load limit amount is set to 100 which is its maximum
value. In this case, when the required load amount calculated
by the aforementioned processing is 70, the margin is
calculated as 30 (100-70=30).

[0096] Next, the presented information selection unit 150
executes information presentation content selection process-
ing (S806). Therefore, the presented information selection
unit 150: judges whether the presented information can be
presented or not, on the basis of the information presentation
table 165, the presentation request from each of the pre-
sented information sources 194, and the margin; and con-
trols presentation of the information in accordance with this
judgment. More specifically, when there is a presentation
request from at least one presented information source 194,
the presented information selection unit 150 refers to at least
one of the item number 601 to the information type 603 of
each record in the information presentation table 165, iden-
tifies a record with the same information as the presented
information, which is presented upon the input presentation
request, and acquires the required presentation amount 604
of this record. The presented information selection unit 150
compares this required presentation amount 604 with the
margin; and when the required presentation amount 604 is
smaller than the margin, the requested information can be
presented.

[0097] Furthermore, when there are a plurality of presen-
tation requests from the presented information source 194,
the presented information selection unit 150 can acquire the
required presentation amount 604 for each presentation
request in the same manner as above, compare the smallest
value of the plurality of acquired required presentation
amounts 604 with the margin, and select whether the
requested information can be presented or not. Under this
circumstance, the smallest value of the required presentation
amount 604 is information with higher emergency to be
presented. Therefore, the information with higher emer-
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gency to be presented can be prioritized and presented by
comparing the smallest value of the required presentation
amount 604 with the margin.

[0098] However, the invention is not limited to the above-
described example and, for example, each of the plurality of
pieces of the presented information can be presented without
duplication in accordance with specified conditions such as
the value of the margin and no duplicate output devices for
the respective presentation requests.

[0099] Next, the presented information selection unit 150
presents the presented information to be presented in
response to the presentation request selected in S806 (S807).
Therefore, the presented information selection unit 150, for
example, outputs instructions, etc. to the presented informa-
tion source 194 to which the presented information to be
presented upon response to the presentation request selected
in S806 should be presented. The presented information
source 194 outputs the presented information in accordance
with this instruction.

[0100] The information presentation apparatus 100 judges
whether to terminate the processing or not (S808). This
judgment may be made to terminate the processing, for
example, when an information presentation terminating
instruction is input or when the power of the information
presentation apparatus 100 is turned off; however, the inven-
tion is not limited to this example. When the processing is
to be not terminated as a result of the judgment in S808
(S808: no), the processing returns to S801 and the process-
ing flow is resumed after a specified period of time. When
the processing is to be terminated as a result of the judgment
in S808, the processing flow terminates.

[0101] Incidentally, the case in which the presentation
request is input from any one of the presented information
sources 194 has been explained above, but the presentation
request is not always input. When no presentation request is
input from any of the presented information sources 194, the
processing from S801 to S805 may be executed as described
above and the processing may then proceed to S808 by
skipping the processing in S806 and S807.

[0102] The status estimation processing (S802), the sub-
task estimation processing (S803), and the load calculation
processing (S804) will be explained below in detail with
reference to FIG. 10 to FIG. 14.

[Status Estimation Processing (S802)]

[0103] FIG. 10 is an example of a flowchart of the status
estimation processing (S802). The status estimation unit 120
firstly initializes an effective task (S1001), acquires the task
condition table 161, and sets the number of records in the
task condition table 161 as a value of variable R (51002).
Next, the status estimation unit 120 initializes counter i to 1
(S1003). Furthermore, the status estimation unit 120
acquires the i-th record of the task condition table 161 and
sets the number of input conditions (the number of the input
conditions 204) included in this record as a value of variable
C (S81004). The status estimation unit 120 initializes counter
j (S1005) and acquires the j-th input condition (S1006). The
status estimation unit 120 compares this input condition with
the value of the relevant item from among the input infor-
mation acquired in S801 (S1007) and judges whether the
input information satisfies the j-th input condition or not
(S81008). Referring to FIG. 2, this j-th input condition is, for
example, the input condition 204a in a case of j=1 or the
input condition 2045 in a case of j=2.
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[0104] When the input condition is not satisfied as a result
of the judgment in S1008 (S1008: no), the processing
proceeds to processing in S1012 described later. On the
other hand, when the input condition is satisfied as a result
of'the judgment in S1008 (S1008: yes), the status estimation
unit 120 increases j by setting j=j+1 (S1009) and judges
whether j is equal to or less than C (j=<C) or not, that is,
whether or not the above-mentioned judgment has been
performed on all the input conditions for the i-th record
(S1010). When j is equal to or less than C (j=C), that is,
when the above-mentioned judgment has not been per-
formed on all the input conditions as a result of the judgment
in S1010 (S1010: yes), the status estimation unit 120 returns
to the processing in S1006. When j is not equal to or less
than C (j=C), that is, when the above-mentioned judgment
has been performed on all the input conditions S1010 as a
result of the judgment in S1010 (S1010: no), the status
estimation unit 120 determines that all the input conditions
for the i-th record are satisfied and the task is effective and
adds the task indicated by that record to the effective task
group (S1011).

[0105] After the judgment in S1008 or after the processing
in S1011, the status estimation unit 120 increases i by setting
i=i+1 (S1012) and judges whether i is equal to or less than
R (i=R) or not, that is, whether or not the above-mentioned
processing has been executed on all the records in the task
condition table 161 (S1013). When i is equal to or less than
R (i=R), that is, when the above-mentioned processing has
not been executed on all the records as a result of the
judgment in S1013 (S1013: yes), the status estimation unit
120 returns to the processing in S1004. When i is not equal
to or less than R (i<R), that is, when the above-mentioned
processing has been executed on all the records as a result
of the judgment in S1013 (S1013: no), the status estimation
unit 120 terminates the status estimation processing.
[0106] FIG. 11 is an example of the effective task group
acquired as the result of the status estimation processing. In
this example, tasks included in the effective task group are
indicated with the task name 203 of the task condition table
161, but may be indicated with the task ID 201.

[0107] An effective task group 1100 shows that tasks of
deceleration, regular driving, turning right at a four-way
intersection with traffic lights, and the distance from a
vehicle in front (medium) are effective. Specifically speak-
ing, it shows that when turning right at a four-way intersec-
tion with traffic lights, a state of shifting from regular driving
to deceleration and having the inter-vehicle distance from
the vehicle in front almost reaching a medium level is
detected.

[0108] Accordingly, in this embodiment, one or more
tasks can be made effective simultaneously with respect to
the input information at the same time or almost at the same
time. As a result, an enormous amount of statuses which may
actually happen can be explained with a combination of a
limited number of tasks.

[Subtask Estimation Processing (S803)]

[0109] FIG. 12 is an example of a flowchart of the subtask
estimation processing (S803). The load estimation unit 130
firstly initializes the effective subtask group (S1201) and
acquires the subtask table 162 (S1202). The load estimation
unit 130 acquires the effective task group transmitted from
the status estimation unit 120 and sets the number of tasks
included in the effective task group as a value of variable T
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(81203). Next, the load estimation unit 130 initializes the
counter i, that is, sets i=1 (S1204). Subsequently, the load
estimation unit 130 acquires the i-th task from the effective
task group (S1205). The load estimation unit 130 acquires
all subtasks defined for the i-th task from the subtask table
162 and sets the number of subtasks as a value of variable
S (S1206). For that purpose, the load estimation unit 130:
identifies one record including at least either one of the task
1D 301 and the task name 303 that match the i-th task from
among records in the subtask table 162; and acquires all the
subtasks 304 of this record.

[0110] The load estimation unit 130 initializes the counter
jto 1,thatis, sets j=1 (S1207). Next, the load estimation unit
130 acquires the j-th subtask from among the subtasks
acquired in S1206 (S1208) and judges whether the same
subtask is included in the effective subtask group or not
(S81209). When the same subtask is not included in the
effective subtask group as a result of the judgment in S1209
(S81209: no), the load estimation unit 130 adds the j-th
subtask to the effective subtask group and sets the number of
times, which is the number of times that subtask is made
effective, to 1, that is, sets the number of times=1 (S1210).
On the other hand, when the same subtask is included in the
effective subtask group as a result of the judgment in S1209
(81209: yes), the load estimation unit 130 increments the
number of times of the j-th subtask, that is, sets the number
of times=the number of times+1 (S1211).

[0111] After S1210 or S1211, the load estimation unit 130
sets j=j+1 (S1212) and judges whether all subtasks defined
for the i-th task have been acquired or not, that is, whether
j is equal to or less than S (j<S) or not (S1213). When j is
equal to or less than S (j<S), that is, all the subtasks have not
been acquired as a result of the judgment in S1213 (S1213:
yes), the load estimation unit 130 proceeds to the processing
in S1208. On the other hand, when j is not equal to or less
than S (j=S), that is, all the subtasks have been acquired as
a result of the judgment in S1213 (S1213: no), the load
estimation unit 130 sets i=i+1 (S1214) and judges whether
the aforementioned processing has been executed on all the
tasks or not, that is, whether i is equal to or less than T (i<T)
or not (S1215). When i is equal to or less than T (i<T), that
is, the aforementioned processing has not been executed on
all the tasks as a result of the judgment in S1215 (S1215:
yes), the load estimation unit 130 proceeds to the processing
in S1205. On the other hand, when i is not equal to or less
than T (i=<T), that is, the aforementioned processing has been
executed on all the tasks as a result of the judgment in S1215
(S1215: no), the subtask estimation processing is terminated.
[0112] FIG. 13 is an example of the effective subtask
group generated by the subtask estimation processing. An
effective subtask group 1300 includes the number of times
each subtask is made effective as indicated in the drawing.
Incidentally, in this example, the subtasks included in the
effective subtask group are indicated with the subtask name
403 of the required subtask amount table 163, but may be
indicated with the subtask 1D 401.

[0113] The effective subtask group 1300 shows that, for
example, subtasks of “DCD_BRK (brake judgment),”
“CTL_BRK (brake operation),” “P_SCN_F (pedestrian scan
(front))” are effective. Specifically speaking, it is possible to
assume that a driver who is the operator is requested to
perform these subtasks in the current status and the mental
load caused by these subtasks would be imposed on the
driver.
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[0114] Accordingly, in this embodiment, one or more
subtasks can be defined by one task. Each of the subtasks can
be defined as, for example, work performed by a person like
the operator who makes decisions to move the mobile
object. There are a limited number of such works, so that
they can be predicted to a certain extent. Therefore, the
mental load in the enormous amount of statuses which may
actually happen can be calculated by a combination of a
limited number of subtasks.

[Load Calculation Processing (S804)]

[0115] FIG. 14 is an example of a flowchart of the load
calculation processing (S804). Firstly, the load estimation
unit 130 initializes a total sum value TV, TA, TC, TP of each
required load attribute which is a load amount to be output
(S1401), acquires the required subtask amount table 163
(S1402), and further acquires the load weighting table 164
(S1403). Next, the load estimation unit 130 acquires the
effective subtask group and sets the number of subtasks
included in the effective subtask group as a value of variable
S (S1404).

[0116] Next, the load estimation unit 130 initializes the
counter i to 1 (S1405). The load estimation unit 130 acquires
the i-th subtask from the effective subtask group (S1406).
Then, the load estimation unit 130 acquires the required load
amount of each required attribute from the required subtask
amount table 163 (S1407), and adds it to the total sum of the
required load amount of each required attribute (S1408).
[0117] The processing in S1407 and S1408 will be
explained. As the processing in S1407, the load estimation
unit 130: identifies a record including at least either one of
the subtask ID 401 and the subtask name 403 which match
the i-th subtask from among records in the required subtask
amount table 163; and acquires all the required load amounts
404 (for example, the required load amount 404a to the
required load amount 404¢ indicated in FIG. 4) of this
record. Next, the load estimation unit 130 adds them to the
total sum of the required load amount of each required
attribute.

[0118] Under this circumstance, the load estimation unit
130 indicates the total sum of the required load amount by
using a vector having Y pieces of variables which are the
number of types of the required attributes. More specifically,
for example, regarding the i-th subtask, the required load
amounts acquired by the processing in S1407 are vi, ai, ci,
pi, respectively, for visual requirement V, hearing require-
ment A, recognition/judgment requirement C, and mental
operation requirement P acquired from the required subtask
amount table 163, where the load estimation unit 130
calculates the total sum values TV, TA, TC, TP of the
respective required load attributes. Specifically speaking, in
S1408, the required load amounts are added to the respective
total sum values as follows: TV=TV+vi, TA=TA+ai,
TC=TC+ci, and Tp=Tp+pi.

[0119] Next, the load estimation unit 130 increments the
counter i and sets i=i+1 (S1409) and judges whether the
aforementioned processing has been executed on all the
subtasks or not, that is, whether i is equal to or less than S
(i=S) or not (S1410). When i is equal to or less than S (i<S),
that is, the aforementioned processing has not been executed
on all the subtasks as a result of the judgment in S1410
(S1410: yes), the processing returns to S1406. On the other
hand, when 1 is not equal to or less than S (i<S), that is, the
aforementioned processing has been executed on all the
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subtasks as a result of the judgment in S1410 (S1410: no),
the load estimation unit 130 calculates a dynamic factor
value (S1411) and multiplies the dynamic factor value by
each of the required load amounts calculated in S1408
(S1412).

[0120] Under this circumstance, the dynamic factor value
in S1411 is a value indicative of the mental load in the status
relevant to the task belonging to the “dynamic factor” in the
category 202 of the task condition table 161. In order to
calculate the dynamic factor value, the load estimation unit
130 or another unit of the information presentation apparatus
100 judges whether the current status corresponds to any of
dynamic factors, on the basis of the input information; and
when the current status corresponds to any of the dynamic
factors, a function and constants which are defined for each
task belonging to the relevant dynamic factor are acquired
and used for calculation. More specifically, for example, the
load estimation unit 130 judges whether the current status
corresponds to the dynamic factor of the task name 203
“Speed and Distance Between Vehicles,” on the basis of the
input condition 204 of the task condition table 161 in FIG.
2 and the input information; and when the current status
corresponds to such dynamic factor, the dynamic factor
value may be calculated based on a function (v, x) where the
speed and the distance between vehicles are variables.

[0121] Lastly, the load estimation unit 130 acquires a
coeflicient of each required attribute from the load weighting
table 164 and multiplies the coefficient by the required load
amount of each required attribute (S1413), and adds a
constant term acquired from the load weighting table 164 to
all the above-obtained total sums, thereby calculating a
one-dimensionalized load amount (S1414). Under this cir-
cumstance, the coeflicient of each required attribute which is
acquired from the load weighting table 164 is, for example,
“0.6” or “0.2” which is a value of the weighting coeflicient
503 corresponding to each of the “visual requirement,” the
“hearing requirement,” etc. in the requirement name 502, an
example of which is illustrated in FIG. 5. Furthermore, the
constant term acquired from the load weighting table 164 is,
for example, “22.1” which is a value of the weighting
coeflicient 503 corresponding to the “constant term” in the
requirement name 502, an example of which is illustrated in
FIG. 5. Specifically speaking, for example, assuming that
the respective coefficients of the visual requirement V, the
hearing requirement A, the recognition/judgment require-
ment C, and the mental operation requirement P acquired
from the load weighting table 164 are wV, wA, wC, wP and
the constant term acquired from the load weighting table 164
is wd, the load estimation unit 130 calculates the one-
dimensionalized load amount L as follows.

L=w, Tptw, T w T etw, Tptwe [Math. 1]
[0122] Incidentally, TV, TA, TC, and TP are the total sum
values of the respective required load attributes calculated
by the processing in S1408 which is executed until S1414.
Furthermore, this expression does not indicate anything
about the dynamic factor, but the value of the above-
mentioned entire expression may be multiplied by the value
of the dynamic factor calculated according to the function
f(v, x), where the aforementioned speed and distance
between vehicles are variables, or each term may be sepa-
rately multiplied by the dynamic factor calculated as the
value for each required load attribute.
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[0123] Under this circumstance, the number of times the
relevant subtask is made effective (for example, the number
of times of the effective subtask group 1300 as illustrated in
FIG. 13) may be used, or may not be used, for the calculation
of'the one-dimensionalized load amount. For example, when
a plurality of tasks including the task “Approaching to
Vehicle in Front (Short)” are made effective and when the
subtask “CTL_BRK (brake operation)” is made effective
twice or more, it doesn’t necessarily mean that the mental
load corresponding to performing the brake operation twice
or more would be imposed on the operator, and it is assumed
that the same mental load as that of performing the brake
operation once would be imposed. In a case like this, the
number of times the relevant subtask is made effective may
not be used to calculate the one-dimensionalized load
amount.

[0124] Furthermore, for example, when tasks including
the tasks “Backlight” and “Detecting Humans” are made
effective and when the subtask “P_SCN_F (pedestrian scan
(front))” is made effective twice or more, it is assumed that
the mental load corresponding to two or more pedestrian
scans, that is, the pedestrian scan in the status of “Backlight”
and the pedestrian scan in the status of “Detecting Humans,”
would be imposed on the operator. In a case like this, the
number of times the relevant subtask is made effective may
be used to calculate the one-dimensionalized load amount.
Whether or not the number of times should be used for the
calculation of the one-dimensionalized load amount may be
determined on the basis of at least either one of at least some
of the tasks included in the effective task group and at least
some of the subtasks included in the effective subtask group.
When the number of times is used for the calculation of the
one-dimensionalized load amount, for example, the number
of times may be multiplied by each of the values of all the
required attributes.

[0125] An example of the load calculation processing has
been explained above. The load amount which are calculated
by the aforementioned processing and the one-dimension-
alized load amount may be stored for a specified period of
time and a value equalized by the publicly-known technique
such as a moving average may be a final output value.
Furthermore, a value obtained by executing threshold value
processing and causing discretization into a plurality of rank
levels may be an output value.

[Display Screen Examples]

[0126] Now, an example of the presented information
which is output in S807 will be explained. In the following
description, an explanation will be given about an example
of displaying the presented information on a display device
provided on an instrument panel or the like, or on a screen
such as a display area; however, the presentation of the
presented information is not limited to this example and an
output device for outputting the presented information is
arbitrary.

[0127] FIG. 15 is an example of a screen in a case where
no presentation request is input from any of the presented
information sources 194. A screen 1501 includes a graph
1502, an engine speed 1503, and a speed 1504. The graph
1502 indicates the margin calculated by the aforementioned
processing. The engine speed 1503 indicates an engine rpm
of the relevant vehicle. The speed 1504 indicates a traveling
speed of the vehicle. The speed and the engine speed may be
input from any of the external information sources 191.
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[0128] FIG. 16 is an example of a screen in a case where
a presentation request is input from the presented informa-
tion source 194 which is a music player. This example shows
a case where while the screen 1501 is displayed, the pre-
sentation request is input, the aforementioned processing
calculates the margin as approximately 80 and the required
presentation amount as 70, and the required presented infor-
mation is presented.

[0129] A screen 1601 includes music information 1602 in
addition to the graph 1502, the engine speed 1503, and the
speed 1504 (however, at least part of the engine speed 1503
and the speed 1504 is not shown). The music information
1602 includes album name information 1611, artist name
information 1612, and music information 1613 such as a
track number and a replay position.

[0130] FIG. 17 is an example of a screen when a presen-
tation request is input from the presented information source
194 which is a navigation system. This example shows a
case where a presentation request for an enlarged intersec-
tion view is input, the aforementioned processing calculates
the margin as approximately 60 and the required presenta-
tion amount as 50, and the required presented information is
presented.

[0131] A screen 1701 includes an enlarged intersection
view 1702 in addition to the graph 1502. Furthermore, the
screen 1701 may include the engine speed 1503 and the
speed 1504, which are not indicated in the drawing, in
addition to the information mentioned above.

[0132] For example, in the status where the margin is 60
and when there is the presentation request for the enlarged
intersection view from the presented information source 194
which is the navigation system, and at the same time there
is also the presentation request from the presented informa-
tion source 194 which is the music player, information
cannot be presented in response to the presentation request
from the music player. The first reason is that the margin is
approximately 60 and the required presentation amount of
the presentation request from the music player is 70, so that
the margin is not sufficient enough to present the information
in response to the presentation request from the music
player. The second reason is that the required presentation
amount for the presentation request from the navigation
system is 50, while the required presentation amount for the
presentation request from the music player is 70; and,
therefore, the presentation request from the navigation sys-
tem has a higher emergency level.

[0133] Furthermore, as another example, when there is the
presentation request for the enlarged intersection view from
the presented information source 194 which is the naviga-
tion system, and at the same time when there is another
presentation request where the required presentation amount
is 55, information cannot be presented in response to the
other presentation request. This is because the margin is
approximately 60 and the required presentation amount for
the other presentation request is 55, so that the margin is
sufficient enough; however, the required presentation
amount for the presentation request from the navigation
system is 50 and the required presentation amount for the
other presentation request is 55, so that the presentation
request from the navigation system has a higher emergency
level to present the information.

[0134] Incidentally, when there are a plurality of presen-
tation requests, at the same time, which satisfy the condi-
tions for the margin as described above, one of the required
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presentation amounts may be selected to present informa-
tion, and then another required presentation amount may be
selected to present information. Specifically speaking, for
example, in the aforementioned example, information in
response to another presentation request may be presented
after finishing presenting the enlarged intersection view. In
order to make this possible, the presented information selec-
tion unit 150 may, for example, list up presentation requests
in ascending order of the required presentation amounts and
control the presentation of information so that the informa-
tion will be presented sequentially according to the list after
termination of presentation of certain information. The pre-
sented information selection unit 150 may control presen-
tation time of the presented information, for example, in
accordance with rules defined by the presentation time 605
of the information presentation table 165.

[0135] FIG. 18 is an example of a screen in a case where
a presentation request is input from the presented informa-
tion source 194 which is ADAS. This example shows a case
where a presentation request for a warning of a collision
with a vehicle in front is input, the aforementioned process-
ing calculates the margin as 10 and the required presentation
amount as 0, and the required information is presented.
[0136] A screen 1801 includes a warning 1802 of a
collision with a vehicle in front in addition to the graph
1502. The margin is approximately 10, which is very low,
but the required presentation amount for the warning of a
collision with a vehicle in front is O as described above; and,
therefore, this information is presented.

[0137] Accordingly, information with a very high emer-
gency level to be presented can be presented in whatever
status of the margin by setting a possible range of the margin
to be very low. In this example, the range of the margin is
set as 0 to 100, so that the information can be presented with
certainty by setting the required presentation amount as 0 or
a negative value. Furthermore, in this way, the priority of
presentation can be set higher than other information. Such
presentation is useful particularly when it is used to present
alarm-type information such as collision alarms.

[Chronological Input Information]

[0138] The input information from the external informa-
tion source 191 may be values at specified timing, but may
include the time information and acquired as chronological
information.

[0139] FIG. 19 is an example of the input information
acquired as the chronological information. Chronological
input information 1901 shows an example where the input
information is indicated as ON or OFF at a certain point in
time. More specifically, this will be explained by taking item
number 1 and item number 2 as examples, which show that
after a certain information value continues to be ON (or
OFF) for 30 unit times (for example, milli seconds), it
continues to be OFF (or ON) for 52 unit times.

[0140] However, the input information which is input as
the chronological information is not limited to that illus-
trated in FIG. 19. The input information may be, for
example, time and a value at that time. Furthermore, the
format is not limited to that illustrated in FIG. 19. Further-
more, the chronological input information may be generated
by each external information source 191 or external equip-
ment which is not illustrated in the drawing, or may be
generated by the information acquisition unit 110. When the
information acquisition unit 110 or the external equipment
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generates the chronological input information, the informa-
tion acquisition unit 110 or the external equipment may
retain values of the input information, which are acquired
from the external information source 191 at specified tim-
ings, for a specified period of time and put together the
retained values of the input information at the respective
timings to form the chronological information.

[0141] Each of the status estimation unit 120, the load
estimation unit 130, and the margin estimation unit 140
executes the aforementioned processing by using the value
of the input information at each point in time. Therefore,
what is calculated by the margin estimation unit 140 is
chronological margins.

[0142] FIG. 20 is an example of a screen for displaying the
chronological margins. A screen 2001 includes a graph
2002, an engine speed 1503, and a speed 1504. The graph
2002 indicates chronological margins calculated by the
aforementioned processing. A display mode of bars repre-
senting past margins (for example, bars 20024) from among
a plurality of bars which constitute the graph 2002 may be
designed to be different from that of a bar representing a
current margin (for example, a bar 20025). The display
modes are made different from each other, for example, by
changing colors or making the relevant bar blink on and off;
however, how to make the display modes different from each
other is not limited to these examples. By doing so, the
operator can easily recognize chronological changes of the
margin.

[0143] Incidentally, the chronological margins may be
calculated when the input information is chronological as
mentioned above; however, even if the input information is
not chronological, time information about time when the
relevant margin is calculated can be retained together with
the margin, so that such time information and margins can
be considered as chronological margins.

[Application of Margin to Presented Information]

[0144] The content of the presented information to be
presented in response to a presentation request may be
selected and output according to the chronological margins.
A specific example may be configured so that if the pre-
sented information is pathway guidance information of the
navigation system, a search for pathways will be made in
accordance with the preference of the driver, who is the
operator, for the margin.

[0145] FIG. 21 is an example of a screen for setting the
driver’s preference for the margin regarding a pathway to
guide them. A screen 2101 illustrates an example where one
of “Normal,” “Less Fatigue,” “Less Strain,” and “Slow-
Paced Driving” can be selected as the preference for the
margin. Incidentally, regarding the preference for the mar-
gin, the example where any one of the four types can be set
is explained here; however, the preference for the margin is
not limited to this example. Furthermore, the screen 2101
further includes predicted required time and a travel distance
for each type; however, values which are calculated by the
navigation system and correspond to a pathway selected by
processing described later may be displayed as the predicted
required time and the travel distance.

[0146] “Normal” is a mode to search for a pathway
without considering the margin. “Less Fatigue” is a mode to
search for a pathway with a relatively large margin in
consideration of overall pathways. “Less Strain” is a mode
to search for a pathway with a relatively small value of dip
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(acute reduction) in the margin. “Slow-Paced Driving” is a
mode to search for a pathway with a relatively small number
of times of dips in the margin.

[0147] The margin upon moving will be explained in
detail. FIG. 22 illustrates transitions of the margin upon
moving. Regarding a graph 2201, a horizontal axis repre-
sents traveling time and a vertical axis represents the margin.
A line 2211 represents an example of the transitions of the
margin with respect to a pathway in the aforementioned
“Normal” mode, that is, the mode in which the pathway is
not set according to the margin. A line 2212 represents an
example of transitions of the margin with respect to a
pathway in the aforementioned “Less Fatigue” mode, that is,
with respect to a pathway whose margin is relatively large
in consideration of overall pathways. Incidentally, this
example shows that the line 2212 indicates the same tran-
sitions of the margin with respect to a pathway in the
aforementioned “Slow-Paced Driving” mode, that is, a path-
way with a relatively small number of times of dips in the
margin. A line 2113 represents an example of transitions of
the margin with respect to a pathway in the aforementioned
“Less Strain” mode, that is, a pathway with comparatively
small values of dips of the margin.

[0148] In order to identify each pathway as illustrated in
the graph 2201, the margin estimation unit 140 may calcu-
late the margin with respect to a plurality of candidate
pathways acquired by the presented information source 194
such as the navigation system by means of a publicly-known
technique such as Dijkstra’s algorithm. The margin estima-
tion unit 140 identifies a plurality of locations where
vehicles assumed to exist (various information including, for
example, nodes, links, and whether traffic lights exist or not)
with respect to each candidate pathway in order to calculate
the margin and judges whether or not each of the locations
corresponds to at least any one of tasks belonging to the
category 202 “Location Task” of the task condition table
161; and if the relevant candidate pathway corresponds to
any one of tasks, the margin may be calculated by identi-
fying a subtask by means of the same processing as the
aforementioned processing. The locations identified here
may be locations assumed to have vehicles existing at each
specified time on the candidate pathways or specified types
of locations existing on the candidate pathways (for
example, intersections, junctions, and any points between
them). Furthermore, the traveling time at the location iden-
tified here may be acquired, for example, by means of
publicly known pathway search techniques.

[0149] Furthermore, the margin estimation unit 140 may
calculate the margin in consideration of whether each of
locations of roads constituting the candidate pathways cor-
responds to any one of tasks belonging to the category 202
“Physical Task” or whether each of such locations corre-
sponds to any one of tasks belonging to the category 202
“Dynamic Factor” in the same manner as described above.
[0150] Furthermore, the margin estimation unit 140 may
calculate the margin in consideration of whether each of
such locations corresponds to any one of tasks belonging to
the category 202 “Driving Task” in the same manner as
described above on the basis of past history, behavior
patterns generally predicted with respect to the driver, and so
on.

[0151] The margin estimation unit 140 may determine, for
example, a pathway with a maximum integral value
obtained by integrating the margin with the traveling time
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from among a plurality of candidate pathways, to be a
pathway in the “Less Fatigue” mode. The integral value
obtained by integrating the margin with the traveling time is,
for example, an area defined by the vertical axis and the
horizontal axis of the line 2211.

[0152] Furthermore, when a dip of the margin occurs, the
margin estimation unit 140 may determine, for example, a
pathway with the highest minimum value of the margin at
the dip which has occurred (dip value), from among the
plurality of candidate pathways, to be a pathway in the “Less
Strain” mode. Regarding whether the dip in the margin has
occurred or not, for example, when a reduced amount of the
margin within a specified amount of time is equal to or more
than a specified threshold value (or more than the specified
threshold value) or when the margin itself becomes equal to
or less than the specified threshold value (or less than the
threshold value), it may be judged that the dip has occurred.
When the dip has occurred a plurality of times, the margin
estimation unit 140 may select any one of pathways on the
basis of at least either one of the dip value and the number
of times of occurrence.

[0153] Furthermore, when the dip in the margin has
occurred, the margin estimation unit 140 may determine, for
example, a pathway with a smallest number of times of
occurrence of the dip in the margin, from among the
plurality of candidate pathways, to be a pathway in the
“Slow-Paced Driving” mode. The same judgment may be
performed in order to judge whether the dip in the margin
has occurred or not. When the dip has occurred a plurality
of times, the margin estimation unit 140 may select any one
of pathways on the basis of at least either one of the dip
value and the number of times of occurrence.

[0154] The navigation system displays information and
performs guidance in accordance with the selected pathway.
Since the display and the guidance themselves are the same
as the publicly known techniques and the aforementioned
display, any explanation about them has been omitted.
Accordingly, information presentation suited for the opera-
tor’s preference or aptitude can be implemented.

[Information Presentation According to Margin]|

[0155] The presented information selection unit 150
selects information to be presented according to the value of
the margin as explained above. The selection of the pre-
sented information by the presented information selection
unit 150 may be configured so that the information to be
presented is selected according to not only the value of the
margin itself, but also at least one of the aforementioned
integral value obtained by integrating the margin with the
traveling time, the dip value, and the number of times the dip
has occurred.

[Creation and Updating of Tables]

[0156] The tables stored in the storage unit 160 can be
created and updated (changed and deleted) at any desired
timing as described earlier. Since the mental load can be
defined by the tasks and the subtasks as described earlier in
this embodiment, the maintenance and management can be
performed flexibly. Now, as an example, creation and updat-
ing of each of the task condition table 161, the subtask table
162, and the required subtask amount table 163 will be
explained. Each table can be created and updated by using,
for example, the computer 193.
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[0157] FIG. 23 illustrates an example of a screen for
creating and updating the task condition table 161. Inciden-
tally, FIG. 23 illustrates an example where information
about tasks is to be changed; however, it is also possible to
not only change the information, but also add or delete
information.

[0158] A screen 2301 includes an area 2311, an area 2321,
and so on. The area 2311 is an area for the user to designate
any one of an addition, a change, or a deletion of information
about a task by using the input device. The area 2321 is an
area to input the content of the addition, change, or deletion
of information about the task. As mentioned earlier, the
change is selected in this example, so that information of
each already existing record of the task condition table 161
is displayed in the area 2321. The user uses the input device
and selects items relating to the task to be changed (for
example, the category, the task name, the input condition
[the input item and the condition], etc.). FIG. 23 illustrates
an example where the type of the input condition is selected.
After selecting the item to be changed in this manner, the
user inputs a value to be changed. In this example, the input
item of the input condition is selected, so that a list of items
which can be selected as the input items is displayed and
controlled. An area 2322 on the screen 2301 shows an
example where the list of items which can be selected as the
input items is displayed. The user selects any one of the
input items from the area 2322 by using the input device.
The computer 193 registers the selected input item, as a new
input item of the input condition for the selected task, in the
task condition table 161.

[0159] Furthermore, for example, a value of an item to be
changed can be input freely. For example, when the condi-
tion of the input condition is selected as the item to be
changed, the value of the item to be changed may be input
to an area corresponding to an item selected from among a
plurality of areas included in the area 2321 or an input area
which is separately displayed. Furthermore, for example,
when a new category is to be added, the user may press
down a button 2331 by using the input device and freely
input, for example, a category name to be added to a
specified area. The computer 193 registers the input infor-
mation in the task condition table 161.

[0160] FIG. 24 illustrates an example of a screen for
creating and updating the subtask table 162. Incidentally,
FIG. 24 illustrates an example where information about
subtasks is to be changed; however, it is also possible to not
only change the information, but also add or delete infor-
mation.

[0161] A screen 2401 includes an area 2411, an area 2421,
and so on. The area 2411 is an area for the user to designate
any one of an addition, a change, or a deletion of information
about a subtask by using the input device. The area 2421 is
an area to input the content of the addition, change, or
deletion of information about the subtask. As mentioned
earlier, the change is selected in this example, so that
information of each already existing record of the subtask
condition table 161 is displayed in the arca 2421. The user
uses the input device and selects items relating to the subtask
to be changed (for example, the category, the subtask name,
and the subtask). FIG. 24 illustrates an example where the
item “subtask” is selected. After selecting the item to be
changed in this manner, the user inputs a value to be
changed. This example shows that the “subtask™ is selected,
so that a list of subtasks which can be changed is displayed
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and controlled. An area 2422 on the screen 2401 shows an
example where the list of subtasks which can be changed is
displayed. The user selects any one of the subtasks from the
area 2422 by using the input device. The computer 193
registers the selected subtask, as a subtask corresponding to
the selected task, in the subtask table 162.

[0162] FIG. 25 illustrates an example of a screen for
creating and updating the required subtask amount table
163. Incidentally, FIG. 25 illustrates an example where
information about the required presentation amount of a
subtask is to be changed; however, it is also possible to not
only change the information, but also add or delete infor-
mation.

[0163] A screen 2501 includes an area 2511, an area 2521,
and so on. The area 2511 is an area for the user to designate
any one of an addition, a change, or a deletion of information
about the required presentation amount by using the input
device. The area 2521 is an area to input the content of the
addition, change, or deletion of information about the
required presentation amount. As mentioned earlier, the
change is selected in this example, so that information of
each already existing record of the required subtask amount
table 163 is displayed in the area 2521. The user uses the
input device and selects items relating to the required load
amount to be changed (for example, the category, the
subtask name, the required attributes, etc.). FIG. 25 illus-
trates an example where a required attribute of the “Visual
Requirement” is selected. After selecting the item to be
changed in this manner, the user inputs a value to be
changed. This example shows that the required attribute is
selected, so that a value of the required attribute can be input
to the area 2522 by the user by using the input device. The
computer 193 registers the input value, as the required load
amount of the selected required attribute, in the required
subtask amount table 163.

[0164] Furthermore, for example, when a new category is
to be added, the user may press down a button 2531 by using
the input device and freely input, for example, a category
name to be added to a specified area. The computer 193
registers the input information in the required subtask
amount table 163.

[0165] Each ofthe tables created and updated as described
above is input to the information presentation apparatus 100
and stored in the storage unit 160 at arbitrary timing via the
communications network or the I/F or by reading data stored
in a portable storage medium.

[Load Weighting Table]

[0166] The load weighting table 164 is used for correc-
tions (S1413) after performing dynamic factor multiplica-
tion (S1412) during the load calculation processing (S804 in
FIG. 8 and FIG. 14) by the load estimation unit 130 as
described earlier. Its purpose is to perform scaling to make
the value of the required load calculated by using the
plurality of tasks, the plurality of subtasks, and the dynamic
factor, which will be explained here, approximate to the
mental load of a behavior which the operator is feeling in the
real world.

[0167] In this explanation, L represents the value of WL
which the operator actually feels; and among such feelings,
Li represents the WL value measured in a certain work status
i. Furthermore, L'i represents the aforementioned one-di-
mensionalized load amount (calculated mental load amount)
in the certain work status i. The WL value Li and the
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one-dimensionalized load amount ['i do not necessarily
precisely match each other and a weight value and a constant
term to calculate the one-dimensionalized load amount L'i
are set to approximate to the WL value Li.

[0168] The one-dimensionalized load amount L'i is calcu-
lated by using a multivariate regression model indicated in
Math. 2. Incidentally, regarding this expression, the required
attributes of the aforementioned mental load will be
explained as having the following four types: visual require-
ment V, hearing requirement A, recognition/judgment
requirement C, and mental operation requirement P. Fur-
thermore, required load amounts of the visual requirement V,
the hearing requirement A, the recognition/judgment
requirement C, and the mental operation requirement P after
performing the dynamic factor multiplication (S1412) are
Vi, Ai, Ci, and Pi, respectively. Furthermore, weight values
of the visual requirement V, the hearing requirement A, the
recognition/judgment requirement C, and the mental opera-
tion requirement P acquired from the load weighting table
are wv, wa, wc, and wp, respectively, and a constant term is
wo.

L'=w, V4w, A+w C+w, P+wg [Math.2]
[0169] Regarding this one-dimensionalized load amount
L', the weight values wv, wa, we, wp for approximating to
the WL value Li which the operator actually feels, and the
constant term wd can be calculated by using, for example,
the least-squares method. As an example of such method, an
explanation will be given about measuring the WL value
which the operator feels in some work statuses by using the
NASA-TLX method, that is, a method for measuring WL by
means of a subjective index which is used for many tech-
niques. The NASA-TLX method is to ask the operator about
scores relating to six evaluation axes and significance
between combinations of every two evaluation axes and
thereby calculate the WL value ranging from 0 to 100.

[0170] Under this circumstance, square error E between
the WL value Li in the i-th status and the respective required
load amounts Vi, Ai, Ci, Pi of the visual requirement V, the
hearing requirement A, the recognition/judgment require-
ment C, and the mental operation requirement P is calculated
as Math. 3.

N [Math. 3]
E= 3 AL =0V + wali +weC; +wy P+ wo)f?
i=1

[0171] When partial differentiation of the square error E
using each of the weight values wv, wa, wc, wp and wd and
its solution value is set to 0 in order to minimize the square
error E, the following expressions Math. 4 to Math. 8 are
obtained.

oF N [Math. 4]
o = _2; VAL — (W Vi + Wl +woCi +wpPi +ws)} =0
OF ZNAL Vi + wod; + woCi + w, P 0 et 3]
T = 22 AL = 00 Vi i e Gk WPy ) =

i=1
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-continued

o I Math. 6]
3 = —2; Ci{Li = (WyV; + waA; + weCi + Wy Ps + we)h = 0

o N Math. 7]
B = —2; PAL; = n, Vi + woA; + woCi +w, P+ we)} = 0

o I Math. 8]
3 = —2; {Li = (WyV; + wai + weCi + WPy + we)} =0
[0172] When the above-described expressions Math. 4 to

Math. 8 are organized and satisfied simultaneously to form
a determinant, the weight values wv, wA, wC, wP, and wd
which are to be formed can be expressed as Math. 9 using
an inverse matrix.

[Math. 9]

Vi Sva Yvie Yvie Y

::: ZV;A; ZA‘Z ZA;C; ZAiPi ZAI
we | = ZV;Ci ZAiCi ZC‘Z ZC;P; ZC;

LS vie Yar Yo YRR

TUEn T Za Zeow
>Vl
Z AL
Z CiL;
> PL
L
N
where, Z = Z
i=1
[0173] As aresult, the weight values wv, wa, wc, wp, and

wd which are the respective elements of the load weighting
table 164 can be calculated by observing the value Li of WL
which the operator actually feels, and the respective required
load amounts Vi, Ai, Ci, Pi then obtained after the dynamic
factor multiplication (S1412) by the load estimation unit in
some statuses.

[0174] Incidentally, the required attributes are not limited
to those mentioned above and arbitrary attributes can be
included and the number of required attributes is not limited.
The respective load weights can be calculated in the same
manner as described above regardless of whatever types of
the required attributes they are. Furthermore, the calculation
of the load weights is not limited to the above-described
least-squares method and the load weights may be calculated
by means of, for example, other numerical analysis methods
such as the nonlinear least squares method, the steepest
descent method, and Newton’s method. Furthermore, the
aforementioned multiple regression equation of Math. 1 is
one example and, for example, dimensions of the value of
each required attribute and expressions by means of expo-
nential function equations can be selected as appropriate.
Furthermore, applications such as the use of probability

14
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models and statistical numerical values other than the ana-
Iytical models as described above are not precluded.
[0175] Furthermore, the method for measuring the value
of WL which the operator feels is not limited to the afore-
mentioned NASA-TLX method and may be selected from
many methods such as methods for measuring the WL value
by means of subjective indexes such as the SWAT method
and the DALI method, an occlusion method, or methods for
measuring numerical values having a high correlation with
the mental WL by using biogenic indexes such as a heart
rate.

[0176] Incidentally, the value of WL which the operator
actually feels can be calculated by measurement in a limited
status, but enhancement in accuracy can be expected when
there are a variety of characteristics of the status. Further-
more, a larger number of statuses to be measured is pre-
ferred; however, to the contrary, too many statuses may
sometimes be affected by noise and degrade the accuracy. In
such a case, for example, a plurality of load weights may be
prepared and applied with respect to car driving by calcu-
lating the load weights separately according to a road class
such as general roads and freeways.

[0177] An embodiment of the present invention has been
explained above. Regarding the concept of WL, when work
intensity is high, the operator’s concentration and efforts are
required; and if this state continues, the operator will feel
mental fatigue; and if that state continues for a long time, it
is believed to also cause mental illness such as dysphoria.
Furthermore, even if a state of low work intensity continues
for a long time, this will lead to loss of interest, tediousness,
dissatisfaction, the operator’s deterioration in confidence,
and decrease in productivity. Furthermore, when another
work which interferes with the original work occurs, it is
believed to cause an accident during the work due to
impairment of concentration.

[0178] For example, car accidents due to unfavorable WL
are problems also for the operator who performs the work to
drive a car. Specifically speaking, there are accidents due to
dozing or impaired attention caused by fatigue and a
monotonous driving state as a result of long-hour driving.
Furthermore, there are many accidents caused by failures in
sensing, recognizing, and avoiding dangers because the
operator watches and listens to many information by using
information equipment such as a smartphone or the car
navigation system, and operates the equipment while driv-
ing; and the operator’s acts of watching, listening to, using,
and/or operating the information equipment in the car may
cause distraction of attention which would disturb the rec-
ognition, judgment, and operation functions as the opera-
tor’s resources.

[0179] Therefore, it is required to improve the work envi-
ronment by observing and evaluating the work intensity
performed by the operator and the status of the operator
which is reactions of the work intensity by using WL,
selecting appropriate information provision, considering
timing of such information provision, and devising work
processes. Regarding the car driving, there is an expectation
for development of a new system that estimates the opera-
tor’s WL with respect to human factors in accidents (errors
in each of “recognition,” “judgment,” and “operation”) and
limiting behaviors of the car itself, the amount of informa-
tion presented by the information equipment, and a required
operation amount when the above-estimated human factors
are in a high level.
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[0180] Conventionally, for example, the following indexes
have been used as methods for evaluating WL: a physiologi-
cal index for measuring the operator' heart rate, brain waves,
amylase content, etc. by using sensors; a subjective index for
evaluating scores using questionnaires; and a sub-issue
index for measuring work effects when a sub-issue is given.
There have been techniques by means of these indexes and,
particularly regarding car driving work, techniques that use
evaluation results of the operator’s WL measured by using
these indexes, select information to be presented, with
equipment inside the vehicle, to the operator, and adjust
timing. However, the conventional techniques are premised
on output of WL specialized in a status specified in advance.
However, in fact, almost countless numbers of statuses can
exist. It is difficult and unrealistic to measure WL in all those
statuses.

[0181] In this embodiment, the status estimation, the load
estimation, and the margin estimation can be performed by
using the task condition table, the subtask table, the required
subtask amount table, and the load weighting table as
described above. Regarding all the statuses, the required
load amount in such statuses can be analyzed on the basis of
a combination of a limited number of tasks and a limited
number of subtasks.

[0182] Furthermore, the load weighting table is corrected
s0 as to approximate to WL which the operator feels. As a
result, it is possible to provide a practical work environment
which has a high coverage of even an enormous amount of
statuses and can be maintained and managed easily by
selecting the information presentation according to the mar-
gin.

[0183] Incidentally, in the above explanation, the required
load amount is calculated by using the task condition table,
the subtask table, the required subtask amount table, and the
load weighting table, but not all of them need to be used. It
is only necessary to be capable of identitying the aforemen-
tioned task and subtask based on the input information, and
acquiring the required load amount, which is indicative of
the mental load on the operator based on the subtask.
Similarly, in the above explanation, whether the presented
information can be presented or not is judged by using the
margin and the information presentation table; however, it is
not always necessary to use the information presentation
table and it is only necessary to be capable of judging
whether the information can be presented or not, according
to the margin.

[0184] Furthermore, in the above explanation, the amount
obtained by subtracting the load amount calculated by the
load estimation unit from the load limit amount is used as the
margin; however, it is only necessary to be capable of
acquiring the margin based on the required load amount and
the acquisition technique is not limited to the above-de-
scribed technique. For example, the margin may be acquired
based on the required load amount and a specified function.
[0185] Furthermore, the aforementioned tables are one
example and the tables are not limited to those illustrated in
the drawings. For example, it is only necessary to have
information capable of indicating each piece of the afore-
mentioned information such as tasks, subtasks and the
required load amount, the weighting coefficient, the constant
term, and the required presentation amount. The configura-
tion of the information presentation apparatus is also one
example and is not limited to the configuration illustrated in
the drawings. For example, some unit may have at least part
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of the functions of other units and one unit may be divided
into a plurality of units. Furthermore, the information pre-
sentation apparatus may be a one independent apparatus or
may be configured as part of another apparatus (such as a
navigation system).

[0186] The invention devised by the inventors of the
present application has been specifically described accord-
ing to the embodiment; however, the present invention is not
limited to the aforementioned embodiment, and includes
various variations within the range not departing from the
gist of the invention. For example, the aforementioned
embodiment has been described in detail in order to explain
the invention in an easily comprehensible manner and is not
necessarily limited to that having all the configurations
explained above. Furthermore, part of the configuration of a
certain embodiment can be replaced with the configuration
of another embodiment and the configuration of another
embodiment can be added to the configuration of a certain
embodiment. Also, part of the configuration of each embodi-
ment can be added to, or deleted from, or replaced with, the
configuration of another configuration.

[0187] Furthermore, each of the aforementioned drawings
illustrates control lines and information lines which are
considered to be necessary for the explanation; however, not
all control lines or information lines in the implementation
are necessarily indicated in the drawings. Practically, it may
be assumed that almost all components are connected to
each other.

Second Embodiment

[0188] An explanation will be given about an embodiment
of an information presentation apparatus with improved
usability by calculating a WL value which is more adapted
for an individual’s characteristics on the basis of the above-
described embodiment.

[Description of Configuration]

[0189] FIG. 26 is an example of a block diagram of an
information presentation apparatus according to this
embodiment. An information presentation apparatus 2600
includes each processing block explained with reference to
FIG. 1, a characteristics judgment unit 2610, and a personal
characteristics management unit 2620; and the storage unit
160 stores a subtask table 2630, a required subtask amount
table 2640, a personal characteristics information table
2650, and an individual-based subtask table 2660.

[0190] The characteristics judgment unit 2610 judges the
operator’s work characteristics by using various information
of the information acquisition unit 110. The personal char-
acteristics management unit 2620 generates the individual-
based subtask table 2660 based on the subtask table 2630,
the required subtask amount table 2640, and the personal
characteristics information table 2650 by using the judgment
results of the characteristics judgment unit 2610.

[0191] Now, an example of the tables stored in the storage
unit 160 will be explained in detail. Each of the tables
explained below may be stored in the storage unit 160 in
advance or, for example, created or updated at any desired
timing.

[0192] FIG. 27 is an explanatory diagram of an example of
the subtask table. The content of each record of the subtask
table 2630 is the same as explained with reference to FIG.
3. Three subtask synthesis patterns are defined and the
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content is changed according to three proficiency levels with
respect to tasks of turning left and turning right at a four-way
intersection with traffic lights. For example, turning left 1 at
the four-way intersection with traffic lights assumes a case
of a low proficiency level of this task (turning left at the
intersection); and regarding a traveling direction judgment
subtask (DCD_DIR), a subtask of a work load degree
according to each pattern is assigned. The subtask configu-
ration pursuant to the low proficiency level includes sub-
tasks which would not be included in a case of a higher
proficiency level, such as a right turning indicator operation
(CTL_WKR). This is because if the driver’s proficiency
level increases, recognition processing which is executed
based on rules is automated and can be executed uncon-
sciously, so that it is judged that assignment of the subtask
is not necessary for those other than the operator with the
low proficiency level. By using this table, the WL value
according to the proficiency level can be calculated as
described later; and as a result, the effect of enhancement of
safety during the work can be achieved. Incidentally, the task
1D of a task which changes according to the proficiency level
is provided with one decimal place so that the task ID 301
of'the subtask table 162 corresponds to the task 1D 201 of the
task condition table 161. Without limitation to this example,
a suffix may be provided as in “102A” and “102B.”

[0193] FIG. 28 is an explanatory diagram of an example of
the required subtask amount table according to the profi-
ciency level. The required subtask amount table 2640
includes each of the records 401 to 405 explained with
reference to FIG. 4 and a carefulness level 2801. The
carefulness level 2801 is used for association with careful-
ness level information included in the operator’s character-
istics information table described later. The required subtask
amount table 163 in this embodiment defines three-level
required load amounts with respect to a traveling direction
decision task (DCD_DIR); and the same applies to vehicle
check tasks (front: V_CHK_F; right side: V_CHK_R; left
side: V_CHK_L; and behind: V_CHK_B) and pedestrian
check tasks (front: P_SCN_F; right side: P_SCN_R; left
side: P_SCN_L; and behind: P_SCN_B) around the driver’s
own vehicle. Furthermore, subtasks regarding which the
mental load may be considered to change due to the opera-
tor’s characteristics may be defined in the same manner.

[0194] FIG. 29 is an explanatory diagram of an example of
the personal characteristics information table. Each record
of the personal characteristics information table 2650
includes an operator ID 2901, an operator name 2902, a
carefulness level 2903, identification information 2904, and
a task proficiency level table 2910 and defines work char-
acteristics information about each operator. Furthermore,
each record of the task proficiency level table 2910 includes
a task ID 2911, a task name 2912, a proficiency level 2913,
and the number of times of performance 2914. The operator
1D 2901 is a unique number for uniquely identifying the
relevant operator. The operator name 2902 is, for example,
literal information which can be designate by the operator
using the input unit 180.

[0195] The carefulness level 2903 is an index indicative of
driving carefulness which is one of the operator’s charac-
teristics and is defined in three levels as one example of
implementation in this embodiment. The identification
information 2904 is information for the information presen-
tation apparatus 2600 to autonomously identify the operator;
and the operator registers, for example, face image infor-
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mation and voice information. For example, when register-
ing the operator name 2902, a face image of the operator is
captured by a camera, which is not illustrated in FIG. 26, and
the captured face image is registered in the identification
information 2904; and after that, a face image of the operator
is captured at the time of activation of, or during the
operation of, the information presentation apparatus 2600
and similarity between the captured image and the registered
identification information is judged, thereby identifying the
user.

[0196] Incidentally, for example, if who is the user is
manually set every time the operator starts using the infor-
mation presentation apparatus 2600, the user can be identi-
fied even without the identification information 2904. The
task proficiency level table 2910 is used to manage the
proficiency level information of each task for each operator.
The task ID 2911 is a unique number for uniquely identi-
fying the relevant task. The task name 2912 corresponds to
the value of the task name 203 of the task condition table
161.

[0197] The task ID 2911 and the task name 2912 do not
have to take on all tasks of the task condition table 161 and
may be defined by extracting only tasks whose subtasks
switch depending on the proficiency level. The proficiency
level 2913 is an index indicative of how proficient the
operator is with respect to the relevant task. In this embodi-
ment, the proficiency level 2913 is expressed with three
levels. The number of times of performance 2914 indicates
the number of times the relevant task was executed.
[0198] Incidentally, items other than the above-explained
items may be added to the personal characteristics informa-
tion table, which may be used for workload estimation and
margin estimation. For example, such additional items may
include the operator’s sex, date of birth, age, history infor-
mation about roads where the operator passed, and district
information about where the operator’s residence is located.
[0199] FIG. 30 is an explanatory diagram of an example of
the individual-based subtask table. Each record of the indi-
vidual-based subtask table 2660 is the same as that of the
subtask table 162. A combination of subtasks in which the
personal characteristics are reflected is defined by the per-
sonal characteristics management unit 2620 on the basis of
the operator’s characteristics in accordance with a process-
ing flow described later. It will be used for the subtask
estimation processing of the load estimation unit 130. Fur-
thermore, individual-based subtask tables as many as the
number of operators will be generated.

[Description of Processing]

[0200] Processing for estimating the workload which
matches the operator’s personal characteristics by using the
apparatus configuration and the table group which have been
explained above will be described below.

[0201] The operator firstly registers the operator’s infor-
mation about themselves in the information presentation
apparatus 2600. Once the registration is completed, the
operator’s own driving performance information is recorded
in the personal characteristics information table and work-
load estimation and information presentation processing
which is suited for the relevant individual will be executed
until the above information is deleted.

[0202] FIG. 31 is an example of registration of personal
information required for each individual, and information
initialization processing of the information presentation
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apparatus 2600. This processing is executed, for example,
when the operator uses the information presentation appa-
ratus 2600 for the first time.

[0203] In S3101, whether the number of persons regis-
tered in the personal characteristics information table has
reached the maximum number or not is firstly judged. When
the number of registered persons has reached the maximum
number, the processing proceeds to S3109; and when the
number of registered persons has not reached the maximum
number, the processing proceeds to S3102.

[0204] In S3102, the operator inputs the operator’s name
by using the input device. An input method is to use, for
example, a software keyboard or voice input.

[0205] In S3103, whether the input operator name is
already registered in the personal characteristics information
table or not is judged; and when the input operator name is
already registered in the personal characteristics information
table, the processing returns to the input processing in
S3102; and when the input operator name is not registered
in the personal characteristics information table, the pro-
cessing proceeds to S3104. Incidentally, when the input
operator name is registered, for example, an error message
may be displayed to prompt the operator to input it again.
[0206] In S3104, the personal characteristics management
unit 2620 updates the personal characteristics information
table 2650. A new number is assigned as the operator 1D
2901 and the operator name 2902 is an arbitrary character
string designated by the operator. When other data is also
generated at this point in time, a fixed value (for example, 1)
is set as an initial value of the carefulness level 2903. The
identification information 2904 is information capable of
identifying an individual, such as face image information
and voice information and is acquired during this process-
ing. The task proficiency level table 2910 copies the task ID
2911 and the task name 2912 from the task condition table
and sets fixed values (for example, 1 and 0) as initial values
of the proficiency level and the number of times of trials
with respect to each task.

[0207] In S3105, the operator’s proficiency level is
decided. For example, the operator’s proficiency level is
decided by making an inquiry to the operator about their
driving history by, for example, displaying a screen illus-
trated in FIG. 32. When the operator selects an “Expert,” the
proficiency level is 3; when the operator selects a “Mid-level
Driver,” the proficiency level is 2; when the operator selects
a “Beginner,” the proficiency level is 1; and the obtained
proficiency level is temporarily stored in a volatile memory
or the like.

[0208] In S3106, the operator’s carefulness level is
decided. The operator’s carefulness level is decided by
making an inquiry to the operator about displayed levels of
a message by, for example, displaying a screen illustrated in
FIG. 33. When the operator selects level 3, the carefulness
level is 3; when the operator selects level 2, the carefulness
level is 2; when the operator selects level 1, the carefulness
level is 1; and the obtained carefulness level is temporarily
stored in a volatile memory or the like.

[0209] In S3107, the operator is prompted to check if the
information which is set for the operator is correct or not.
When the operator notices that there is an error in the
settings, the operator may resume the processing from the
beginning or an arbitrary position of the processing flow.
[0210] In S3108, the individual-based subtask table is
created in accordance with the proficiency level decided in
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S3105 and the carefulness level decided in S3106. This
processing flow is illustrated in FIG. 34.

[0211] In S3401, the personal characteristics management
unit 2620 searches the personal characteristics information
table 2640 for the relevant operator name.

[0212] In S3402, the personal characteristics management
unit 2620 sets the proficiency level information, which is
stored in S3105, to the proficiency level 2913 of each task
of the task proficiency level table 2910.

[0213] In S3403, the personal characteristics management
unit 2620 generates the individual-based subtask table 2660
using the subtask table 2630 on the basis of the proficiency
level 2913 of the task proficiency level table 2910. The
subtask table 2630 is sequentially scanned; and a record
whose task ID 301 is an integer is copied as it is. Regarding
arecord of a decimal number, the record is copied only when
a numerical value of its decimal place is equal to the
proficiency level 2913 of the corresponding task proficiency
level table 2910. Whether to copy the record or not may be
judged based on whether the task name 303 has a number
suffix at its end or not. As a result of this processing, the
individual-based subtask table in which the proficiency level
for each task of the individual is generated.

[0214] In S3404, the personal characteristics management
unit 2620 sets the carefulness level information, which was
stored in S3106, to the carefulness level 2903 of the personal
characteristics information table 2650.

[0215] In S3405, the personal characteristics management
unit 2620 replaces part of the information of, and thereby
updates, the individual-based subtask table 2660 on the basis
of' the set carefulness level 2903. When the required subtask
amount table 2640 is sequentially scanned and the careful-
ness level 2801 of each record matches the carefulness level
2903, the relevant subtask name 403 is retained and next
replacement processing is executed. When the individual-
based subtask table 2660 is sequentially scanned and the
subtask 304 of each record matches the retained subtask
name except for the suffix at its end, the subtask 304 is
replaced with the retained subtask name. Incidentally, when
the subtask 304 of each record matches the retained subtask
name including the suffix at its end, the replacement may not
be performed. As a result of this processing, the individual-
based subtask table in which the carefulness level that is the
individual’s driving characteristics is reflected is generated.

[0216] In S3109, the output unit 170 displays a message
indicating that the number of registered operators has
reached the specified maximum value and personal infor-
mation cannot be registered; and then the processing is
terminated. In this case, the operator executes, for example,
the registration processing again by, for example, deleting
unnecessary information from data of the registered opera-
tors.

[0217] Incidentally, regarding the above-described
example, the method for the operator to input necessary
information every time has been explained; however, as for
the information registration method, the information presen-
tation apparatus 2600 may acquire the information via a
communication function. For example, the operator registers
personal information in the data server 192 from the com-
puter 193 in advance and the information presentation
apparatus 2600 acquires the information by communicating
with the data server 192 according to predetermined content
and by predetermined means. By this means, the operator
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can prepare the information to be registered in advance and
have the advantage of being capable of smoothly starting
using it.

[0218] Furthermore, the above-mentioned example shows
an example where the operator is made to select the profi-
ciency level and the carefulness level; however, the profi-
ciency level and the carefulness level may be judged by
combining a plurality of questions as illustrated in FIG. 32
and FIG. 33 and referring to a combination of answer results
to such questions. For example, questions are given by a
method capable of evaluation with scores in order to indi-
rectly estimate driving characteristics by asking questions
about, for example, the operator’s confidence in their own
driving ability, whether the operator proactively drives a car
or not, or whether the operator is a worrier or not; and the
proficiency level and the carefulness level are set according
to a total score.

[0219] Furthermore, when the proficiency level and the
carefulness level are not three-level settings, but are, for
example, five-level settings, the number of options in FIG.
32 and FIG. 33 may be changed accordingly to five or the
options may be used without any change and the values of
the characteristics information to be assigned by answers
may be changed (for example, the settings may be set so that
when the “Expert” is selected, the proficiency level is 5; and
when the “Mid-level Driver” or the “Beginner” is selected,
the proficiency level is 3 or 1, respectively).

[0220] Furthermore, the settings of the proficiency level
and the carefulness level are not limited to the above-
described examples and each level may be fixed to an initial
value, which may be later changed dynamically by detecting
the operator’s driving operation.

[0221] Furthermore, if items other than the proficiency
level and the carefulness level are provided in the personal
characteristics information table 2650, such other items may
be registered by the operator in the same manner and may be
used to create and update the individual-based subtask tables
by adding processing to the processing flow in FIG. 34.

[0222] When a registered operator activates and starts
using the information presentation apparatus 2600, the infor-
mation presentation apparatus 2600 needs to identify the
user in order to determine which individual-based subtask
table to use. In order to do this, the identification information
2904 of the personal characteristics information table 2650
is used. For example, publicly disclosed techniques (such as
image comparison methods and voice comparison methods)
may be used for identification by capturing a face image by
using a camera (which is not illustrated in FIG. 26), exam-
ining similarity between the captured image and a face
image which is already registered in the identification infor-
mation 2904, and determining data with a certain level or
higher level of similarity to be the current operator. Under
this circumstance, if the user cannot be identified due to no
similarity found with any one of the identification informa-
tion 2904, for example, a default individual-based sub task
table which is created with the proficiency level 1 and the
carefulness level 1 may be used as the individual-based sub
task table 2660 by, for example, sending a message of failure
in identification via the output unit 170.

[0223] Driving work is nothing but to execute each task
repeatedly; and every time each task is completed, the
personal characteristics management unit 2620 executes
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table information update processing. FIG. 35 illustrates a
flowchart of processing executed when processing of one
task is completed.

[0224] In S3501, the personal characteristics management
unit 2620 searches the task proficiency level table 2910 of
the personal characteristics information table 2650 and adds
1 to the number of times of performance 2914 of the
completed task.

[0225] In S3502, whether the number of times of perfor-
mance 2914 of the relevant task as a result of the processing
in S3501 exceeds a specified number of times (its value is
arbitrary) or not is judged. When the number of times of
performance 2914 of the relevant task exceeds the specified
number of times, the processing proceeds to S3503; and the
number of times of performance 2914 of the relevant task
does not exceed the specified number of times, the process-
ing is terminated. Regarding the specified number of times,
for example, when the number of times of performance is
100, the proficiency level is increased from 1 to 2; and when
the number of times of performance is 200, the proficiency
level is increased from 2 to 3. Under this circumstance, when
the proficiency level 2913 of the relevant task is 1, the
judgment is made based on whether the number of times of
performance 2914 has reached 100 or not; and when the
proficiency level 2913 of the relevant task is 2, the judgment
is made based on whether the number of times of perfor-
mance 2914 has reached 200 or not. When the proficiency
level of the relevant task is 3, the judgment always results in
No. Furthermore, frequency in use during driving and the
proficiency level should change depending on a task to be
performed, so that different rules may be provided for each
task.

[0226] In S3503, the proficiency level 2913 of the relevant
task is added by 1.

[0227] In S3504, the content of the individual-based sub-
task table is updated as a result of the change in the
proficiency level. A processing flow is illustrated in FIG. 36.
Basically, this processing flow is the same as the processing
flow from S3402 to S3405 in FIG. 34 which was explained
about the generation of the individual-based subtask table.
As a matter of course, the personal characteristics manage-
ment unit 2620 identifies the operator in advance by using
the identification information 2904 of the personal charac-
teristics information table 2630.

[0228] In S3601 in the same manner as in S3402, the
personal characteristics management unit 2620 acquires
information of the relevant operator’s task proficiency level
table 2910 from the personal characteristics information
table 2650. In S3602 in the same manner as in S3403, the
personal characteristics management unit 2620 creates the
individual-based subtask table 2660 by using the informa-
tion of the subtask table and the relevant operator’s profi-
ciency level table. In S3603 in the same manner as S3404,
the personal characteristics management unit 2620 acquires
the relevant operator’s carefulness level 2903 from the
personal characteristics information table 2650. In S3604 in
the same manner as in S3405, the personal characteristics
management unit 2620 updates the individual-based subtask
table 2660. When items other than the proficiency level and
the carefulness level are included in the personal character-
istics information table 2650, the individual-based subtask
table may be updated according to such information.
[0229] The above explanation has been given about the
example at the time of completion of the task processing;
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however, even when the operator’s carefulness level is
changed or any of the tables (such as the subtask table 2630
and the required subtask amount table 2640) is updated
while using the information presentation apparatus 2600, the
processing for updating the individual-based sub task table
2660 may be also executed.

[0230] On the other hand, if the workload calculation
method changes on a real-time basis, there may be concerns
that confusion might be caused as timing to display mes-
sages during driving may change without being recognized
by the operator. Therefore, a possible method of implemen-
tation may be designed so that the processing for adding the
number of times of performance of each task is executed
during driving; and when the movement to a certain point is
completed or by setting a certain traveling section or time,
such as at the time of next activation, as update timing, the
individual-based subtask table is updated in response to any
changes of the proficiency level 2913 for all the tasks. When
this happens, a message indicating that the workload calcu-
lation method has been updated may be displayed for the
operatotr.

[0231] Next, an embodiment for autonomously judging
the proficiency level and the carefulness level during driving
will be explained.

[0232] For example, wobbling of a car body can be
estimated by acquiring information about a steering angle of
a steering wheel from CAN and observing changes in the
relevant value when driving straight. Alternatively, if CAN
information and road information, intersection information,
and driving position coordinates of a car navigation system
are combined, it is possible to obtain information about, for
example, whether a turning-on operation of the turning
indicator was performed at appropriate timing or not, or
whether the operator observed the speed limit while driving
or not.

[0233] Furthermore, if ADAS information is used, infor-
mation about the inter-vehicle distance from a vehicle run-
ning in front can be acquired. If the characteristics judgment
unit 2610 collects these pieces of information acquired from
the information acquisition unit 110, classifies such infor-
mation into information indicative of driving improvements
and information indicative of driving tendencies on the basis
of these performance results, and uses them to calculate the
“proficiency level” and the “carefulness level,” respectively,
it is possible to autonomously switch these values. For
example, the “proficiency level” may be calculated based on
the degree of the car body wobbling and the turning indi-
cator operation timing; and the “carefulness level” may be
decided based on how well the speed limit is observed and
whether the inter-vehicle distance from the vehicle in front
is secured.

[0234] Regarding how to reflect datain the information to
be used and each piece of the characteristics information,
methods other than those described above may be employed;
and depending on driving performance results, for example,
judgment to decrease the value of each piece of the char-
acteristics information from 2 to 1 or from 3 to 2 may be
included.

[0235] Furthermore, the proficiency level and the careful-
ness level may be changed by monitoring the operator’s
behaviors while driving by using a camera and checking if
movements of the operator’s face or gaze direction do not
deviate from safe behaviors. More specifically, for example,
in a case of turning right at an intersection, recognition of a
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color of a traffic light before the intersection and recognition
of vehicles coming from the opposite direction, people and
bicycles passing a pedestrian crossing, and motorbikes
approaching from behind are required in order to pass the
intersection safely. So, it is necessary to perform the opera-
tion to visually recognize directions where they are located
or they are assumed to be located; and as a result, this leads
to a correct answer model indicating the number of times of
visual recognition in which directions. A correct behavior
rate is calculated by analyzing and estimating the operator’s
gaze direction from videos captured by the aforementioned
camera for monitoring the operator and comparing it with
the correct answer model.

[0236] The characteristics judgment unit 2610 calculates
the proficiency level according to the correct behavior rate
as follows: for example, when the correct behavior rate is
90% or more, the proficiency level is calculated as 3; when
the correct behavior rate is 70% or more, the proficiency
level is calculated as 2; and when the correct behavior rate
is less than 70%, the proficiency level is calculated as 1.
Furthermore, when the operator performs the visual recog-
nition action repeatedly more than the correct answer model,
it is judged that the carefulness level is high. For example,
the carefulness level is calculated as follows: when the
number of times of visual recognition exceeds that of the
correct answer model by 10%, the carefulness level is
calculated as 3; when the number of times of visual recog-
nition exceeds that of the correct answer model, the care-
fulness level is calculated as 2; and when the number of
times of visual recognition is less than that of the correct
answer model, the carefulness level is calculated as 1. Data
of the correct answer model and data of the number of times
of the detected visual recognition in a case of executing this
processing may be stored in the storage unit 160.

[0237] The above-described calculation processing may
be executed for each task; however, a certain section or
amount of time may be considered as an indication of timing
to execute the calculation processing without expecting
short-term changes. For example, the calculation may be
performed during a period of time from the start of pathway
guidance by the car navigation system to a time point of
arrival at a destination.

[0238] Furthermore, the individual-based subtask table
may be updated according to the processing flow illustrated
in FIG. 36 immediately after acquisition of the calculation
result, or the individual-based subtask table may be updated
when driving of the certain section is completed.

[0239] Furthermore, the threshold value of the correct
behavior rate which is indicated in the above-described
calculation processing is one example and the value of the
characteristics information may be decided by using another
value; or the characteristics information has been explained
as having three levels, but may be classified into more
multiple levels.

[Creation and Updating of Tables]

[0240] The processing for creating and updating each of
the tables illustrated in FIG. 23 to FIG. 25 can also be
executed in this embodiment in the same manner; and, for
example, the carefulness level 2801 of the required subtask
amount table 2640 can be changed or a new subtask can be
added according to the carefulness level. Since the indi-
vidual-based subtask table 2660 is created based on the
subtask table 2630, the required subtask amount table 2640,
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and the personal characteristics information table 2650, the
individual-based subtask tables of all operators are recon-
structed when the processing for changing these tables is
completed.

[0241] FIG. 37 is an example of a screen for creating and
updating the personal characteristics information table 2650.
Incidentally, FIG. 37 illustrates an example where informa-
tion about the personal characteristics is to be changed;
however, not only the information can be changed, but also
information can be added and deleted.

[0242] A screen 3701 includes an area 3711, an area 3721,
and so on. The area 3711 is an area for the user to designate
which operation to perform, either one of addition, change,
and deletion of information about the personal characteris-
tics, by using the input device. The area 3721 is an area to
input the content of the addition, change, or deletion of
information about the personal characteristics. Since the
change is selected here as explained above, information of
each already existing record of the personal characteristics
information table 2650 is displayed in the area 3721. The
user selects an item relating to the information to be changed
by using the input device. FIG. 37 illustrates an example
where the carefulness level is selected; and the user then
inputs a value to be changed.

[0243] The area 3722 on the screen 3701 is an example
where a list of input items which can be selected is dis-
played. The user selects any one of the input items shown at
the area 3722 using the input device. The computer 193
registers the selected input item, as a new carefulness level
of the selected operator, in the personal characteristics
information table 2650. Furthermore, when the user selects
the identification information column which is indicated as
“Reset” in the example illustrated in FIG. 37, registration of
the identification information as explained with respect to
the processing for the new registration of the operator is
performed again. Furthermore, when the operator selects the
task proficiency level table column which is indicated as
“Edit,” the operation to add, change, or delete data of each
record can be executed in the same manner with respect to
the task proficiency level table 2901. Furthermore, an item
addition, a name change, or a deletion can be performed with
respect to the personal characteristics information table and
information about each individual may be added, changed,
or deleted with respect to the added item.

[0244] As aresult of the processing explained in the above
embodiments, a system which can be adapted to any char-
acteristics is implemented by changing a combination of
subtasks with respect to characteristics of different qualities,
that is, characteristics which contribute to variations of the
workload along with changes to improve each task over
time, like the “proficiency level” of the operator, and char-
acteristics which hardly change even after elapse of time
such as habits of humans, like the “carefulness level” of the
operator; and as a result, the workload value and the margin
value which are adapted to the personal characteristics can
be calculated and the effect of realizing safe and conform-
able information presentation can be obtained. Incidentally,
the effect of enhancing the workload estimation accuracy
can be obtained even with either one of them; however,
better estimation can be realized by applying both of them
at the same time.
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[0245] The disclosed content of the following priority
based application is incorporated hereinto by reference:
Japanese Patent Application No. 2014-213302 (filed on Oct.
20, 2014)

REFERENCE SIGNS LIST

[0246] 100 information presentation apparatus
[0247] 110 information acquisition unit

[0248] 120 status estimation unit

[0249] 130 load estimation unit

[0250] 140 margin estimation unit

[0251] 150 presented information selection unit
[0252] 160 storage unit

[0253] 161 task condition table

[0254] 162 subtask table

[0255] 163 required subtask amount table
[0256] 164 load weighting table

[0257] 165 information presentation table
[0258] 170 input unit

[0259] 180 output unit

[0260] 191 external information source

[0261] 192 data server

[0262] 193 computer

[0263] 194 presented information source
[0264] 2600 information presentation apparatus
[0265] 2610 characteristics judgment unit
[0266] 2620 personal characteristics management unit
[0267] 2630 subtask table

[0268] 2640 required subtask amount table
[0269] 2650 personal characteristics information table
[0270] 2660 individual-based subtask table

1. An information presentation apparatus comprising:

a storage unit that stores task information indicative of
one or more tasks each indicating a status, subtask
information indicative of one or more subtasks each
indicating a work element possibly executed by an
operator, in the status of each task according to a first
variable indicative of habituation of the operator with
respect to each of the one or more tasks regarding each
piece of the task information, and required subtask
amount information indicative of a required load
amount which is a mental load on each of the one or
more subtasks according to a second variable indicative
of a safe driving tendency of the operator;

an information acquisition unit to which input informa-
tion about the status is input from one or more external
information sources;

a status estimation unit that identifies the one or more
tasks based on the input information and the task
information;

a driving characteristics judgment unit that generates the
first variable indicative of habituation of the operator
with respect to each of the one or more tasks regarding
each piece of the task information and the second
variable indicative of the operator’s safe driving ten-
dency, based on the input information;

a personal characteristics information management unit
that generates operator-based subtask information
based on the first variable, the second variable, and the
subtask information;

a load estimation unit that identifies the one or more
subtasks based on the one or more tasks identified by
the status estimation unit, and the operator-based sub-
task information, and the load estimation unit also



US 2017/0243518 Al

acquires the required load amount based on the iden-
tified one or more subtasks and the required subtask
amount information;

a margin estimation unit that acquires a margin based on
the acquired required load amount; and

a presented information selection unit that selects infor-
mation to be presented based on the margin.

2. The information presentation apparatus according to

claim 1, further comprising:

a presented information acquisition unit that acquires one
or more presentation requests from one or more pre-
sented information sources, wherein:

the presented information selection unit selects at least
one of the one or more presentation requests based on
the margin and causes an output unit to output infor-
mation corresponding to the selected presentation
request.

3. The information presentation apparatus according to

claim 1, further comprising:

an input unit, wherein:

at least one of the task information, the subtask informa-
tion, and the required subtask amount information is
input via the input unit and stored in the storage unit.

4. The information presentation apparatus according to

claim 1, wherein:

the input information is acquired as chronological infor-
mation including time information; and

the margin estimation unit calculates the margin at each
time of the time information.

5. The information presentation apparatus according to

claim 1, further comprising:

one or more presented information acquisition units that
acquire one or more presentation requests from one or
more presented information sources, wherein:

the margin estimation unit calculates the margin at each of
a plurality of times; and

the presented information selection unit selects content of
presented information to be presented in response to the
presentation request in accordance with the margin at
each of the plurality of times and causes an output unit
to output the selected content of the presented infor-
mation.

6. The information presentation apparatus according to

claim 1, wherein:

the storage unit further stores a weight according to the
status in which the mental load may be imposed on the
operator although the operator may not be necessarily
caused to perform any work; and

the load estimation unit acquires the required load amount
based on the identified subtask, the required subtask
amount information, and the weight.

7. A method comprising:

recording a first variable indicative of habituation of an
operator for a driving task;

recording a second variable indicative of a safe driving
tendency of the operator; and

generating operator-based subtask information based on
the recorded first variable, the recorded second vari-
able, and subtask information indicative of one or more
subtasks each indicating a work eclement possibly
executed by the operator, in a status of each of the one
or more tasks.
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8. The method according to claim 7, further comprising:

inputting input information about the status from one or
more external information sources;

identifying one or more tasks based on the input infor-
mation and task information indicative of one or more
tasks indicating the status;

identifying one or more subtasks based on the identified
task and the operator-based subtask information indica-
tive of one or more subtasks each indicating a work
element possibly executed by the operator in the status
of each of the one or more tasks;

acquiring a required load amount, which is a mental load
on each of the one or more subtasks, based on the
identified subtask and required subtask amount infor-
mation indicative of the required load amount;

acquiring a margin based on the acquired required load
amount; and

selecting information to be presented based on the margin.

9. The method according to claim 7, further comprising:

inputting input information about the status from one or
more external information sources;

identifying one or more tasks based on the input infor-
mation and task information indicative of one or more
tasks each indicating the status; and

changing a value of the first variable or the second
variable when the operator completes executing the
identified task.

10. A computer program product including a computer
program that can be executed by a computer wherein the
computer includes a storage device capable of storing:

task information indicative of one or more tasks each
indicating a status;

subtask information indicative of one or more subtasks
each indicating a work element possibly executed by an
operator, in the status of each of the one or more tasks
according to a first variable indicative of habituation of
the operator with respect to each of the one or more
tasks regarding each piece of the task information; and

required subtask amount information indicative of a
required load amount which is a mental load on each of
the one or more subtasks according to a second variable
indicative of the operator’s safe driving tendency; and
wherein the computer program causes the computer to
function as:

an information acquisition unit to which input informa-
tion about the status is input from one or more external
information sources;

a status estimation unit that identifies the one or more
tasks based on the input information and the task
information;

a driving characteristics judgment unit that generates the
first variable indicative of habituation of the operator
with respect to the task regarding each piece of the task
information and the second variable indicative of the
operator’s safe driving tendency, based on the input
information;

a personal characteristics information management unit
that generates operator-based subtask information
based on the first variable, the second variable, and the
subtask information;

a load estimation unit that identifies the one or more
subtasks based on the one or more tasks identified by
the status estimation unit, and the operator-based sub-
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task information and acquires the required load amount
based on the identified subtask and the required subtask
amount information;

a margin estimation unit that acquires a margin based on
the acquired required load amount; and

a presented information selection unit that selects infor-
mation to be presented based on the margin.
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