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Description

Title of Invention: INFORMATION PROCESSING DEVICE,

ALARM METHOD, AND PROGRAM
Technical Field

[0001] The present disclosure contains subject matter related to that disclosed in Japanese

Priority Patent Application JP 201 1-016441 filed in the Japan Patent Office on January

28, 201 1, the entire content of which is hereby incorporated by reference.

[0002] The present disclosure relates to an information processing device, an alarm method,

and a program.

Background Art
[0003] Various applications for augmented reality (AR) which add or superimpose ad

ditional information onto the real world or real-world images for presentation to a user

have been proposed. For example, in an application described in the following Non

Patent Literature 1, virtual tags associated with arbitrary positions on a map are

registered into a system in advance. Then, in an image captured by a terminal carried

by a user, a tag associated with a position appearing in the image is displayed su

perimposed onto the position.

Citation List

Non Patent Literature
[0004] NPL 1: "Sekai Camera Support Center", <online>, <Searched on December 22, 2010>,

Internet<URL:http://support.sekaicamera.com/en>

Summary

Technical Problem
[0005] During the time that the augmented reality application is being provided, a user's

attention is likely to be attracted to an application screen. A screen of the augmented

reality application gives a user a feeling of viewing the real world, which is different

from a screen of another type of application. This feeling may have consequences and

may even be dangerous. Specifically, in actuality, the angle of view of a screen of a

mobile terminal or a screen of a head mounted display is narrower than the viewing

angle of human vision. Further, there is a possibility that a real object existing in the

real world can be hidden from the user's view by additional information of the

augmented reality application. This may increase a risk that a user fails to notice (or is

late to notice) a danger present in the real world during the time that the augmented

reality application is being provided.

[0006] In light of the foregoing, it is desirable to provide an information processing device,

alarm method and program that reduce the risk of a danger faced by a user in the real



world during the time that the augmented reality application is being provided.

Solution to Problem
[0007] In one exemplary embodiment, the present disclosure is directed towards an

apparatus comprising a memory storing instructions is provided. The apparatus

includes a control unit for executing the instructions to send signals to display, for a

user, a first virtual image superimposed onto a representation of real space. The control

unit further executes instructions to send signals to identify a potential source of

interest for the user, the potential source of interest being outside of a user focus area

in the representation of real space. The control unit further executes instructions to

send signals to notify the user of the potential source of interest.

[0008] In another exemplary embodiment, the present disclosure is directed towards a

method comprising displaying, for a user, a virtual image superimposed onto a repre

sentation of real space. The method further comprises identifying a potential source of

interest for the user, the potential source of interest being outside of a user focus area

in the representation of real space. The method further comprises notifying the user of

the potential source of interest. In another exemplary embodiment, the present

disclosure is directed towards a tangibly embodied non-transitory computer-readable

medium storing instructions which, when executed by a processor, perform a method

comprising displaying, for a user, a virtual image superimposed onto a representation

of real space. The method further comprises identifying a potential source of interest

for the user, the potential source of interest being outside of a user focus area in the

representation of real space. The method further comprises notifying the user of the

potential source of interest.

Advantageous Effects of Invention
[0009] Information processing devices, alarm methods, the programs according to em

bodiments of the present disclosure can reduce the risk that a user will overlook a

potential source of interest such as, for example, a danger faced by a user in the real

world while the augmented reality application is being provided.

Brief Description of Drawings
[0010] [fig. 1]Fig. 1 is a view showing an example of a situation where an augmented reality

application can be used;

[fig.2]Fig. 2 is a block diagram showing an example of a configuration of an in

formation processing device according to embodiments;

[fig.3]Fig. 3 is a block diagram showing an example of a configuration of functions

implemented by a control unit of the information processing device according to em

bodiments;

[fig.4]Fig. 4 is a first explanatory view to describe a layout of an imaging device and a



range sensor in the information processing device according to embodiments;

[fig.5]Fig. 5 is a second explanatory view to describe a layout of an imaging device

and a range sensor in the information processing device according to embodiments;

[fig.6]Fig. 6 is a view to describe an example of parameters that can be used for rec

ognizing a danger according to embodiments;

[fig.7]Fig. 7 is a view to describe a type of a danger that can be recognized according

to embodiments;

[fig.8]Fig. 8 is a view showing a first example of a device that transmits information

about a danger according to embodiments;

[fig.9]Fig. 9 is a view showing a second example of a device that transmits information

about a danger according to embodiments;

[fig. 10]Fig. 10 is a view showing a third example of a device that transmits in

formation about a danger according to embodiments;

[fig. 1l]Fig. 11 is a view showing a first example of an alarm by an alarm unit

according to embodiments;

[fig. 12]Fig. 12 is a view showing a second example of an alarm by the alarm unit

according to embodiments;

[fig. 13]Fig. 13 is a view showing a third example of an alarm by the alarm unit

according to embodiments;

[fig. 14]Fig. 14 is a view showing a fourth example of an alarm by the alarm unit

according to embodiments;

[fig.l5]Fig. 15 is a flowchart showing an example of a flow of a danger alarm process

in a first scenario;

[fig. 16]Fig. 16 is a flowchart showing an example of a flow of a danger alarm process

in a second scenario;

[fig.l7]Fig. 17 is a flowchart showing an example of a flow of a danger alarm process

in a third scenario;

[fig.l8]Fig. 18 is a flowchart showing an example of a flow of a danger alarm process

in a fourth scenario;

[fig. 19]Fig. 19 is a flowchart showing an example of a flow of a danger alarm process

in a fifth scenario; and

[fig.20]Fig. 20 is a block diagram of one implementation of control unit of Fig. 2.

Description of Embodiments
Hereinafter, preferred embodiments of the present disclosure will be described in

detail with reference to the appended drawings. Herein, structural elements that have

substantially the same function and structure are denoted with the same reference

numerals, and repeated explanation of these structural elements may be omitted.



[0012] Further, "Description of Embodiments" will be provided in the following order:

1. Overview of Information Processing Device according to embodiments

2. Configuration Example of Information Processing Device According to Em

bodiments

3. Flow of Process According to An Exemplary Embodiment

4. Summary

1. Overview of Information Processing Device According to

Embodiments

[0013] Fig. 1 is a view showing an example of a situation where an augmented reality (AR)

application can be used. Referring to Fig. 1, in a real space 1, a user Ua is walking on a

sidewalk, and there are a block 10 and stairs 12 ahead of the user Ua. Further, the user

Ua has an information processing device 100. The information processing device 100

is a device capable of providing the AR application. The information processing device

100 may be, for example, a smart phone, a personal computer (PC), a game terminal, a

portable music player and the like or other suitable device. During the time that the AR

application is being provided to the user Ua by the information processing device 100,

the attention of the user Ua may be attracted to the screen of the information

processing device 100. The screen of the information processing device 100 may show

a representation of the real world. However, because the angle of view of the screen

may be narrower than a viewing angle of the user Ua, and additional application is

further displayed on the screen a risk increases that the user Ua fails to notice (or is late

to notice) an object or other potential source of interest present in the real space 1

during the time that the AR application is being provided. For example, the user may

miss a restaurant or store in which the user may have an interest. Other potential

sources of interest may include utilities (e.g., elevators, public telephones, public in

formation booths, etc.), places of interest (e.g., hospitals, automobile repair shops,

museums, movie theaters, parks, homes of acquaintances, schools, libraries, etc.), or

events (e.g., performances or displays). One exemplary category of potential sources of

interest to the user includes various objects or places that may present some level of

physical danger for the user. The latter example will be used herein to illustrate various

aspects of the invention. However, it is to be understood that the present invention is

not limited to use with respect to potential sources of user interest that represent a

physical danger to the user and can, in fact, be used with any suitable potential source

of user interest (e.g., recreational, utilitarian, or otherwise).

[0014] As an example of a source of physical danger, the user Ua might trip over the block

10. There is also a possibility that the user Ua might hit the stairs 12. Further, there is a

possibility that the user Ua might walk off the sidewalk and go into a driveway or to

other dangerous areas. Besides the example shown in Fig. 1, a variety of dangers are



present in the real world. The information processing device 100 according to em

bodiments of the present disclosure alarms a user to the presence of such dangers by

the scheme described herein below.

[0015] 2. Configuration Example of Information Processing Device

According to Embodiments

2-1. Hardware Configuration

Fig. 2 is a block diagram showing an example of the configuration of the information

processing device 100 shown in Fig. 1. Referring to Fig. 2, the information processing

device 100 includes an imaging unit 102, a sensor unit 104, a positioning unit 106, a

communication unit 108, a storage unit 110, an input unit 112, a display unit 114, a

voice output unit 116, a vibration unit 118, a bus 119 and a control unit 120.

[0016] Imaging Unit

The imaging unit 102 may include a camera module with an image pickup device

such as a charge coupled device (CCD) or a complementary metal oxide semi

conductor (CMOS). The imaging unit 102 may image the real space 1 and thereby

generate one or more input images. The input images generated by the imaging unit

102 may be used for the provision of the AR application and further used for the e s

timation of a user position and the estimation of a position of a real object appearing in

the input images. The imaging unit 102 may be configured separately from the in

formation processing device 100 and connected to the information processing device

100 at the time of providing the AR application.

[0017] Sensor Unit

The sensor unit 104 may include one or more sensors that support the recognition of

a danger by the information processing device 100. For example, the sensor unit 104

may include at least one of a gyro sensor, an acceleration sensor and a geomagnetic

sensor, and measures the tilt angle, 3-axis acceleration or direction of the information

processing device 100. The tilt angle, 3-axis acceleration or direction of the in

formation processing device 100 may be used for estimating the posture of the in

formation processing device 100.

[0018] Further, the sensor unit 104 may include a laser or infrared range sensor that

measures the distance between a real object in the real space and a user. The range

sensor may be capable of measuring the distance along a direction different from the

orientation (optical axis) of the imaging unit 102 (see Fig. 4). This may allow the in

formation processing device 100 to recognize the presence of an obstacle (e.g. the

block 10) existing at a position that deviates from the angle of view of the information

processing device 100 (see Fig. 5). Relative positions of the information processing

device 100 and the obstacle can be also estimated based on the distance measured by

the range sensor and the posture of the information processing device 100. Note that



the range sensor may be mounted facing any direction, not necessarily facing

downward as illustrated in Fig. 5.

[0019] Positioning Unit

The positioning unit 106 may include a module that measures the position of the in

formation processing device 100. For example, the positioning unit 106 may be a

Global Positioning System (GPS) module that receives a GPS signal and measures the

latitude, longitude and altitude of the information processing device 100. Alternatively,

the positioning unit 106 may be a positioning module such as PlaceEngine (registered

trademark) that measures the position of the information processing device 100 based

on the strength of a radio signal received from a wireless access point.

[0020] Communication Unit

The communication unit 108 may include a communication interface for the in

formation processing device 100 to communicate with another device. For example,

the communication unit 108 may receive information about a danger from an external

device. Further, the communication unit 108 may transmit information about a danger

to a device having a danger alarm function similar or different from the information

processing device 100.

[0021] Storage Unit

The storage unit 110 may stores programs and data for processing by the information

processing device 100 by using a tangibly embodied non-transitory, computer-readable

storage medium such as a semiconductor memory, hard disk, CD-ROM, etc. For

example, the storage unit 110 may store input images generated by the imaging unit

102, sensor data output from the sensor unit 104, position data measured by the p o

sitioning unit 106, and external information received by the communication unit 108.

Further, the storage unit 110 may store feature data for a image recognition process,

which is described later. The feature data stored in the storage unit 110 is data rep

resenting the appearance feature of one or more real objects in the real space.

[0022] Input Unit

The input unit 112 may be used by a user of the information processing device 100 to

operate the information processing device 100 or input information to the information

processing device 100. The input unit 112 may include a keypad, button, switch, touch

panel and the like, for example. The input unit 112 may include a gesture recognition

module that recognizes the gestures of a user appearing in an input image.

[0023] Display Unit

The display unit 114 may include a display module having a screen that displays a

virtual object generated by the AR application and superimposed onto the real space.

On the screen of the display unit 114, an object for warning to alarm a user to the

presence of a danger may be also displayed. The screen of the display unit 114 may be



a see-through type or non see-through type. Further, the display unit 114 may be

configured separately from the information processing device 100 and/or connected to

the information processing device 100 at the time of providing the AR application.

[0024] Voice Output Unit

The voice output unit 116 may typically be a speaker that outputs a sound or voice to

a user. The voice output unit 116 can be used to alarm a user to the presence of a

danger through the auditory sense of the user.

[0025] Vibration Unit

The vibration unit 118 may be a vibrator such as an electrically driven eccentric

motor. The vibration unit 118 can be used to alarm a user to the presence of a danger

through the tactile sense of the user.

[0026] Bus

The bus 119 may connect the imaging unit 102, the sensor unit 104, the positioning

unit 106, the communication unit 108, the storage unit 110, the input unit 112, the

display unit 114, the voice output unit 116, the vibration unit 118, and the control unit

120 with one another.

[0027] Control Unit

The control unit 120 may include a processor 121 such as a central processing unit

(CPU) or a digital signal processor (DSP), a memory 122, and computer-readable

medium 123. One such exemplary control unit 120 is shown in FIG. 20. The control

unit 120 may execute instructions forming the program stored in the storage unit 110

to, for example, make various functions of the information processing device 100,

which are described below, work.

[0028] 2-2 Functional Configuration

Fig. 3 is a block diagram showing an example of a configuration of functions that

may be implemented by the control unit 120 of the information processing device 100

shown in Fig. 2. Referring to Fig. 3, the control unit 120 may include an application

unit 130, an image recognition unit 140, an estimation unit 150, a map storage unit

152, an information acquisition unit 160, a danger recognition unit 170, an alarm unit

180, and a setting unit 190.

[0029] Application Unit

The application unit 130 may provide an AR application that displays a virtual object

superimposed onto the real space to a user. The AR application provided by the ap

plication unit 130 may be an application with any purpose such as navigation, work

support, information service or game, for example. The application unit 130 may

create a virtual object to be presented to a user in association with a real object

appearing in the input image. Then, the application unit 130 outputs an image

displaying the created virtual object to the display unit 114. The application unit 130



may determine the display position of the virtual object based on a result of image

recognition of the input image.

[0030] Image Recognition Unit

The image recognition unit 140 may perform an image recognition process of the

input image imaged by the imaging unit 102. For example, the image recognition unit

140 may check feature data extracted from the input image against feature data stored

in the storage unit 110 and thereby recognize a real object or region in the real space

appearing in the input image. The checking of feature data by the image recognition

unit 140 may be done using the Scale-Invariant Feature Transform (SIFT) method

described in David G. Lowe, "Distinctive Image Features from Scale-Invariant

Keypoints" (the International Journal of Computer Vision, 2004), for example. Further,

the checking of feature data by the image recognition unit 140 may be done using the

Random Ferns method described in Mustafa Oezuysal et. al., "Fast Keypoint

Recognition using Random Ferns" (IEEE Transactions on Pattern Analysis and

Machine Intelligence, Vol.32, Nr.3, pp.448-461, March 2010), for example. Fur

thermore, the image recognition unit 140 may recognize a marker (natural or artificial

marker) that shows up in the appearance of in a real object or region in the real space.

The image recognition unit 140 may output information (e.g. an identifier and a

position or range in the input image) identifying the real object or region recognized as

a result of the image recognition to the estimation unit 150.

[0031] Estimation Unit

The estimation unit 150 may estimate the position of each real object existing in the

real space and the distance between each real object and the imaging unit 102 based on

a result of the image recognition by the image recognition unit 140. For example, the

estimation unit 150 estimates the distance between each real object and the imaging

unit 102 by comparing the actual size of each real object (or marker) and the size in the

input image. Then, the estimation unit 150 may estimate the relative position of each

real object with respect to the information processing device 100 according to the

estimated distance and the position and posture of the imaging unit 102 (the position

and posture of the information processing device 100). Further, the estimation unit 150

may dynamically estimate the relative position between each real object in the real

space and the information processing device 100 according to the principle of the

SLAM technique. The principle of the SLAM technique is described in detail in

Andrew J. Davison, "Real-Time Simultaneous Localization and Mapping with a Single

Camera" (Proceedings of the 9th IEEE International Conference on Computer Vision

Volume 2, 2003, pp. 1403- 1410). The distance between a real object in the real space

and the information processing device 100 can be assumed to correspond to the

distance between a real object in the real space and a user in the recognition of a



danger.

[0032] Note that the estimation unit 150 may acquire a camera parameter such as a zoom

ratio from the imaging unit 102 and correct the estimation result of the position of each

real object and the distance from each real object according to the acquired camera

parameter.

[0033] Map Storage Unit

The map storage unit 152 may store the position of each real object estimated by the

estimation unit 150 by using a storage medium such as a semiconductor memory or

hard disk. The information processing device 100 can thereby recognize a real object

or region once recognized by the image recognition unit 140 even after the real object

or region disappears from the input image as the information processing device 100

moves.

[0034] Information Acquisition Unit

The information acquisition unit 160 may acquire information about a danger to be

used for the recognition of a danger by the danger recognition unit 170. The in

formation about a danger may be previously stored in the storage unit 110 or dy

namically acquired from an external device through the communication unit 108.

[0035] For example, the information acquisition unit 160 may acquire dangerous region in

formation which defines a dangerous region with a relatively low level of safety in the

real space. The dangerous region may be a staircase, escalator, driveway, crossing,

platform, construction site and the like, for example. The dangerous region information

may include coordinate data indicating an identifier of each dangerous region and a

range of each dangerous region.

[0036] Further, the information acquisition unit 160 may acquire dangerous object in

formation which defines a dangerous object likely to cause a danger to a user in the

real space. The dangerous object may be, for example, a real object which is likely to

cause a danger to a user among static objects and dynamic objects in the real space.

The dangerous object may be a static obstacle such as an object placed on a road,

falling object, advertising display, post or wall, for example. Further, the dangerous

object may be a dynamic object that is movable at high speed, such as an automobile,

bicycle or train, for example. The dangerous object information may include co

ordinate data indicating an identifier of each dangerous object, feature data, a position

of each dangerous object or the like.

[0037] Danger Recognition Unit

The danger recognition unit 170 may recognize a danger faced by a user in the real

space. The danger recognition unit 170 may recognize a danger based on a result of the

image recognition of the input image which is used for the provision of the AR ap

plication. Further, the danger recognition unit 170 may recognize a danger which is not



recognized using the input image based on the distance from each real object measured

by the range sensor of the sensor unit 104. Further, the danger recognition unit 170

recognizes the position or region in the real space which corresponds to a cause of a

danger faced by a user. Upon recognizing a danger, the danger recognition unit 170

outputs information representing the detail of the danger and the corresponding

position or region in the real space to the alarm unit 180.

[0038] Fig. 6 is a view to describe an example of parameters that can be used by the danger

recognition unit 170 in order to recognize a danger according to this embodiment.

Referring to Fig. 6, twelve different parameters described herein are shown as an

example of parameters that can be used by the danger recognition unit 170.

[0039] (1) User Position

The user position is, for example, the position of a user carrying the information

processing device 100. The absolute position of a user can be measured by the p o

sitioning unit 106 using a GPS signal. Further, the relative position of a user to a

nearby real object or region can be estimated by the estimation unit 150 based on a

result of the image recognition by the image recognition unit 140. When the absolute

position of a nearby landmark is known, the absolute position of a user can be

calculated based on the relative position of the user from the landmark and the known

position of the landmark. In this embodiment, the user position, the position of the in

formation processing device 100 and the position of the imaging unit 102 can be

assumed to be approximately equal to one another.

[0040] (2) User's Travel Speed

The user's travel speed can be calculated, for example, from a change in the user

position over time. Further, when the sensor unit 104 includes an acceleration sensor,

the user's travel speed may be calculated by the integral of an output value of the ac

celeration sensor.

[0041] (3) Position of Static Object

The relative position of a static object can be estimated by the estimation unit 150

based on a result of the image recognition by the image recognition unit 140. The

known position of a static object may be previously defined by position data stored in

the storage unit 110. Further, the position of a static object may be recognized using

position data acquired from an external device, which is described later.

[0042] (4) Distance from Static Object

A distance between a static object and a user can be calculated from the relative

position of the static object to the user position. Further, a distance between a static

object and a user may be measured using a range sensor included in the sensor unit

104.

[0043] (5) Approach Speed to Static Object



The approach speed of a user to a static object (or the approach speed of a static object

to a user) can be calculated from a change in the distance between the static object and

the user over time.

[0044] (6) Position of Dynamic Object

The relative position of a dynamic object can be estimated, for example, by the e s

timation unit 150 based on a result of the image recognition by the image recognition

unit 140. Further, the position of a dynamic object may be recognized using position

data acquired from an external device, which is described later.

[0045] (7) Distance from Dynamic Object

The distance between a dynamic object and a user can be calculated from the relative

position of the dynamic object to the user position. Further, the distance between a

dynamic object and a user may be measured using a range sensor included in the

sensor unit 104.

[0046] (8) Approach Speed to Dynamic Object

The approach speed of a user to a dynamic object (or the approach speed of a

dynamic object to a user) can be calculated from a change in the distance between the

dynamic object and the user over time.

[0047] (9) Presence of Dangerous Object

The presence of a dangerous object can be recognized as a result of the image

recognition by the image recognition unit 140. Whether the recognized real object is a

dangerous object or not may be determined, for example, by checking an identifier of

the recognized real object against the list of known identifiers. Alternatively, a real

object whose travel speed exceeds a predetermined threshold may be temporarily

recognized as a dangerous object.

[0048] Further, the presence of a dangerous object may be recognized by receiving a beacon

issued in the vicinity of a dangerous object by the communication unit 108. The

presence of a nearby dangerous object which does not appear in the input image may

be recognized from the distance between the user position and the position of a

dangerous object stored in the map storage unit 152.

[0049] (10) Position of Dangerous Object

The position of a dangerous object can be recognized in the same manner as the

position of a static object or the position of a dynamic object.

[0050] (11) Range of Dangerous Region

The range of a dangerous region can be recognized as a result of the image

recognition by the image recognition unit 140. The range of a dangerous region may be

previously defined by dangerous region information stored in the storage unit 110.

Further, the range of a dangerous region may be recognized using dangerous region in

formation acquired from an external device.



[005 1] (12) Object Occupancy Rate

The object occupancy rate is a parameter representing the proportion of a displayed

virtual object on a screen. The danger recognition unit 170 acquires information in

dicating the display volume of a virtual object (e.g. the total value of the size of a

virtual object on a screen), for example, from the application unit 130. Then, the

danger recognition unit 170 calculates the object occupancy rate by dividing the

display volume of the virtual object by the size of the input image (or the screen size).

[0052] The danger recognition unit 170 recognizes a danger faced by a user in the real space

by using at least one of the twelve parameters described above.

[0053] Fig. 7 is a view to describe a type of a danger that can be recognized by the danger

recognition unit 170 according to this embodiment. It should be noted that a source of

"danger" is meant to provide a particular example of an object of interest to the user.

Referring to Fig. 7, a danger that can be recognized by the danger recognition unit 170

is classified into five types: "collision with static object", "collision with dynamic

object", "approach to dangerous object", "approach/entry into dangerous region", and

"inhibition of user's attention."

[0054] (1) Collision with Static Object

When the distance between a certain static object and a user falls below a prede

termined threshold, for example, the danger recognition unit 170 may determine that

there is a possibility that the user might collide with the object. Further, when the

approach speed to a certain static object exceeds a predetermined threshold, the danger

recognition unit 170 may determine that there is a possibility that the user might

collide with the object. Then, the danger recognition unit 170 can recognize the

presence of the static object which is likely to collide with the user as a danger.

[0055] (2) Collision with Dynamic Object

When the distance between a certain dynamic object and a user falls below a prede

termined threshold, for example, the danger recognition unit 170 may determine that

there is a possibility that the user might collide with the object. Further, when the

approach speed to a certain dynamic object (or the approach speed of the dynamic

object to a user) exceeds a predetermined threshold, the danger recognition unit 170

may determine that there is a possibility that the user might collide with the object. The

threshold for the determination about a dynamic object may be different from the

above-described threshold for the determination about a static object. Then, the danger

recognition unit 170 can recognize the presence of the dynamic object which is likely

to collide with the user as a danger.

[0056] (3) Approach to Dangerous Object

The danger recognition unit 170 may recognize the approach of a user to a dangerous

object as a danger. The danger recognition unit 170 can determine that a user has ap-



proached a dangerous object when detecting the presence of a dangerous object by the

image recognition or by the receipt of a beacon from the dangerous object. Further, the

danger recognition unit 170 can determine that a user has approached a dangerous

object by comparing the distance between the dangerous object and the user with a pre

determined threshold.

[0057] (4) Approach/Entry into Dangerous Region

The danger recognition unit 170 may recognize the approach or entry of a user into a

dangerous region as a danger. The danger recognition unit 170 can determine that a

user has entered a dangerous region when the current user position is within the

dangerous region. Further, the danger recognition unit 170 can determine that a user

has approached a dangerous region by comparing the distance between the boundary of

the dangerous region and the current user position with a predetermined threshold.

Further, the danger recognition unit 170 may recognize a region where the level of a

floor (or ground) largely varies as a dangerous region.

[0058] (5) Inhibition of User's Attention

The danger recognition unit 170 may recognize a state in which the user's attention

can be inhibited as a danger. The danger recognition unit 170 may determine that the

user's attention can be inhibited by the AR application when the above-described

object occupancy rate exceeds a predetermined threshold. Further, the danger

recognition unit 170 may determine that the user's attention can be inhibited when the

user's travel speed exceeds a predetermined threshold.

[0059] When the danger recognition unit 170 recognizes a danger which applies to any of

the above-described five types, it may output information representing the detail of the

recognized danger (e.g. the type of the danger, the identifier or name of the dangerous

object or dangerous region etc.) and the corresponding position or region in the real

space to the alarm unit 180.

[0060] Example of External Device

The capability of the information processing device 100 to recognize a danger can be

enhanced by providing information about a danger from an external device to the in

formation processing device 100. Figs. 8 to 10 show examples of such an external

device.

[0061] Referring to Fig. 8, a radio transmitter 20a is placed on the stairs 12. The stairs 12 are

a real object or region which is likely to cause a danger to the user Ua. The radio

transmitter 20a may transmit periodically a beacon for notifying a danger to a nearby

device. The beacon may contain the identifier and position data of the stairs 12. When

the beacon is received by the communication unit 108, the information acquisition unit

160 of the information processing device 100 acquires information contained in the

beacon as external information, and outputs the acquired information to the danger



recognition unit 170. The danger recognition unit 170 can thereby recognize the

presence of the stairs 12 and its position.

[0062] Referring to Fig. 9, a user Ub may carry an information processing device 20b. The

information processing device 20b is a device having an equivalent danger alarm

function to the information processing device 100. The user Ub is running in the

direction where the user Ua is. The information processing device 20b may recognize

that the travel speed of the user Ub exceeds a predetermined threshold and transmits a

beacon for notifying a danger to a nearby device. The beacon may contain the

identifier, position data and speed data of the information processing device 20b, for

example. When the beacon is received by the communication unit 108, the information

acquisition unit 160 of the information processing device 100 acquires information

contained in the beacon as external information, and outputs the acquired information

to the danger recognition unit 170. The danger recognition unit 170 can thereby

recognize that there is a possibility that the user Ua might collide with the user Ub.

[0063] Referring to Fig. 10, a data server 20c may be capable of communication with the in

formation processing device 100 is shown. The data server 20c is a server that stores

data identifying a real object or region likely to cause a danger to a user (e.g. the

identifier of a real object or region) in association with position data. The data stored in

the data server 20c corresponds to the above-described dangerous object information

and dangerous region information, for example. The information acquisition unit 160

of the information processing device 100 downloads the dangerous object information

and dangerous region information (download data 22 in Fig. 10) from the data server

20c. The danger recognition unit 170 can thereby recognize a danger using the

downloaded dangerous object information and dangerous region information

[0064] Alarm Unit

The alarm unit 180 may alarm a user to the presence of a danger when, for example,

a danger is recognized by the danger recognition unit 170 during the time that the AR

application is being provided to the user. For example, an alarm by the alarm unit 180

may be made by controlling the display of the AR application. To be more specific, in

this embodiment, when a danger is recognized by the danger recognition unit 170, the

alarm unit 180 interrupts into the AR application. Then, the alarm unit 180 controls the

display of the AR application. The control of the display of the AR application may be

simply suspending or terminating the AR application. Further, the alarm unit 180 may

turn down the display of a virtual object being displayed in the AR application. As an

example, the alarm unit 180 makes the displayed virtual object flashing or translucent.

Further, the alarm unit 180 may display an object for warning on the screen of the

display unit 114 where the AR application is provided. The object for warning may be

an object that indicates the position or region of a danger recognized by the danger



recognition unit 170 to a user, for example.

[0065] Alternatively, or additionally, an alarm by the alarm unit 180 may be made by a

means other than the control of the display of the AR application. For example, the

alarm unit 180 may alarm a user to the presence of a danger by outputting a warning

sound or warning message from the voice output unit 116. Further, the alarm unit 180

may alarm a user to the presence of a danger by vibrating the vibration unit 118.

[0066] The alarm unit 180 may be a function that is incorporated into the information

processing device 100 independently without depending on the AR application. Alter

natively, any of the AR applications installed into the information processing device

100 may have a function as the alarm unit 180.

[0067] Figs. 11 to 14 show examples of the alarm of the presence of a danger by the alarm

unit 180 in this embodiment.

[0068] (1) First Example

An image Iml 1 on the left of Fig. 11 is an example of an output image that can be

displayed by the AR application. In the image Iml 1, a virtual object T l is displayed

superimposed onto a building in the real space. The virtual object T l is an object rep

resenting information about the rating of a restaurant in the building, for example.

[0069] An image Iml2 on the right of Fig. 11 is an example of an output image when an

alarm is made by the alarm unit 180 as a result that the user Ua has approached the

stairs 12 after the image Iml 1 is displayed. In the image Iml2, the virtual object T l is

displayed translucent. A real object or region which is likely to cause a danger is

thereby not hidden by the virtual object Tl. Further, an object A l indicating the

position (region) of the stairs to the user and an object A2 indicating a message to alert

the user are displayed. The user can thereby recognize a danger faced by him/her

quickly and accurately.

[0070] (2) Second Example

An image Im21 on the left of Fig. 12 is an example of an output image that can be

displayed by the AR application. In the image Im21 also, the virtual object T l is

displayed superimposed onto a building in the real space. Further, the block 10 which

is likely to be an obstacle to the user Ua is appearing in the image Im21.

[0071] An image Im22 on the right of Fig. 12 is an example of an output image when an

alarm is made by the alarm unit 180 as a result that the user Ua has approached the

block 10 after the image Im21 is displayed. In the image Im22, the virtual object T l is

deleted from the screen. Further, an object A3 indicating the position of the block 10 to

the user and further indicating a message to alert the user is displayed. Although the

block 10 deviates from the angle of view of the screen, the danger recognition unit 170

can recognize a danger caused to the user Ua by the block 10 because a range sensor of

the sensor unit 104 measures the distance from the block 10 or the map storage unit



152 stores the position of the block 10.

[0072] (3) Third Example

An image Im31 on the left of Fig. 13 is an example of an output image that can be

displayed by the AR application. In the image Im31 also, the virtual object T l is

displayed superimposed onto a building in the real space.

[0073] An image Im32 on the right of Fig. 13 is an example of an output image when an

alarm is made by the alarm unit 180 as a result that the user Ua has begun to run after

the image Im31 is displayed. In the image Im32, the virtual object T l is deleted from

the screen, and the AR application is terminated. In this manner, the alarm unit 180

may alert the user by simply suspending or terminating the AR application.

[0074] (4) Fourth Example

An image Im41 on the left of Fig. 14 is an example of an output image that can be

displayed by the AR application. In the image Im41 also, the virtual object T l is

displayed superimposed onto a building in the real space. Further, a ditch 14 exists

ahead of the user Ua. The ditch 14 can be also recognized as a dangerous object or

dangerous region.

[0075] An image Im42 on the right of Fig. 14 is an example of an output image when an

alarm is made by the alarm unit 180 as a result that the user Ua has approached the

ditch 14 after the image Im41 is displayed. In the image Im42 also, the virtual object

T l is displayed translucent. Further, the alarm unit 180 vibrates the vibration unit 118

and outputs a warming message from the voice output unit 116. In this manner, by

making an alarm through the auditory sense or the tactile sense, not only a visual

alarm, it is possible to alert the user more strongly.

[0076] Setting Unit

The setting unit 190 may manage setting related to the danger recognition process by

the danger recognition unit 170 and the alarm process by the alarm unit 180. For

example, the setting unit 190 manages by which way an alarm should be made when a

danger is recognized by the danger recognition unit 170. The setting unit 190 may

make setting so that the alarm unit 180 makes an alarm in different ways for each type

of a recognized danger. Further, the setting unit 190 may prompt a user to specify the

way of alarm through the input unit 112.

[0077] Further, the setting unit 190 may hold the upper limit of the number of times of

alarming a user to the same danger, for example. The alarm unit 180 counts the

number of times of making an alarm for each identifier or position of a dangerous

object and a dangerous region. Then, the alarm unit 180 may refrain from alarming a

user to the presence of a danger for which an alarm has been already made to the user

the number of times equal to the upper limit. Further, the setting unit 190 records a

user's action history, for example. The user's action history may be a history of



movement of a user measured by the positioning unit 106, for example. Then, the

alarm unit 180 may refrain from alarming a user to the presence of a danger when the

user is performing an action similar to an action contained in the user's action history.

By disabling the alarm in this manner, it is possible to prevent excessive alarms from

being made for a danger already recognized by the user.

[0078] Further, the setting unit 190 may prompt a user to specify the identifier or position of

a dangerous object or dangerous region for which an alarm should be disabled in

advance through the input unit 112. In this case, an alarm by the alarm unit 180 is

disabled for a dangerous object or dangerous region explicitly specified by the user.

[0079] 3. Flow of Process According to Embodiments

Examples of a flow of a process by the information processing device 100 according

to this embodiment are described hereinafter, for each of exemplary five scenarios,

with reference to Figs. 15 to 19. Note that the information processing device 100 may

execute only one process of the five scenarios or execute a plurality of processes.

Further, the information processing device 100 may execute a process with a different

flow from the processes described as examples below.

[0080] 3-1. First Scenario

Fig. 15 is a flowchart showing an example of a flow of a danger alarm process in a

first scenario. In the first scenario, the recognition of a danger based on a result of

image recognition on an input image is performed.

[0081] Referring to Fig. 15, an input image is first acquired by the image recognition unit

140 (Step SI 10). Next, the image recognition unit 140 recognizes a real object

appearing in the acquired input image (Step SI 12). Then, the estimation unit 150

estimates the position of each real object recognized by the image recognition unit 140

and the user position (Step SI 14). Then, the estimation unit 150 calculates the distance

between each real object and the user based on the estimated position of each real

object and user position, and further calculates the user's approach speed to each real

object (Step SI 16).

[0082] Then, the danger recognition unit 170 may determine whether there is a danger by

comparing the distance between each real object and the user and the user's approach

speed to each real object respectively estimated and calculated by the estimation unit

150 with predetermined thresholds (Step SI60). For example, when the user's approach

speed to a certain real object exceeds a predetermined threshold, the danger

recognition unit 170 can determine that there is a possibility that the user might collide

with the real object. Further, when the distance between a certain dangerous object and

the user falls below a predetermined threshold, the danger recognition unit 170 can

determine that the user is approaching the dangerous object.

[0083] When the danger recognition unit 170 determines that there is a danger in Step S160,



the alarm unit 180 interrupts into the AR application being provided by the application

unit 130 (Step S170). Then, the alarm unit 180 alarms the user to the presence of a

danger by the way illustrated in Figs. 11 to 14 or another way (Step SI 80). On the

other hand, when the danger recognition unit 170 determines that there is no danger in

Step SI60, the process returns to Step SI 10.

[0084] 3-2. Second Scenario

Fig. 16 is a flowchart showing an example of a flow of a danger alarm process in a

second scenario. In the second scenario, the recognition of a danger using information

about a danger received from a data server is performed.

[0085] Referring to Fig. 16, the information acquisition unit 160 first acquires information

about a danger from an external device through the communication unit 108 (Step

S120). In this example, it is assumed that dangerous object information defining a

dangerous object and dangerous region information defining a dangerous region are

acquired from the data server 20c illustrated in Fig. 10. The information acquisition

unit 160 stores the dangerous region information acquired in Step SI20 into the storage

unit 110 (Step S122). Then, the positioning unit 106 measures a user position (Step

S124). In Step S124, the user position may be estimated by the estimation unit 150

based on a result of image recognition of the input image, instead of that the user

position is measured by the positioning unit 106.

[0086] Then, the danger recognition unit 170 may determine whether there is a danger based

on the dangerous region information and dangerous object information and the user

position (Step SI62). For example, when the user position is included in the range of a

dangerous region indicated by the dangerous region information, or when the distance

between the boundary of the dangerous region and the user position falls below a pre

determined threshold, the danger recognition unit 170 can determine that the user has

entered or is approaching the dangerous region. Further, when the distance between the

position of a dangerous object indicated by the dangerous object information and the

user position falls below a predetermined threshold, the danger recognition unit 170

can determine that there is a dangerous object near the user.

[0087] When the danger recognition unit 170 determines that there is a danger in Step S162,

the alarm unit 180 interrupts into the AR application being provided by the application

unit 130 (Step S170). Then, the alarm unit 180 may alarm the user to the presence of a

danger by the way illustrated in Figs. 11 to 14 or another way (Step SI 80). On the

other hand, when the danger recognition unit 170 determines that there is no danger in

Step SI62, the process returns to Step S124.

[0088] 3-3. Third Scenario

Fig. 17 is a flowchart showing an example of a flow of a danger alarm process in a

third scenario. In the third scenario, the recognition of a danger based on information



received from an external device different from a data server is performed.

[0089] Referring to Fig. 17, the information acquisition unit 160 first acquires information

about a danger from an external device through the communication unit 108 (Step

S130). In this example, it is assumed that a beacon notifying a danger is received from

the radio transmitter 20a illustrated in Fig. 8 or the information processing device 20b

illustrated in Fig. 9. When the information acquisition unit 160 receives the beacon

notifying a danger, the danger recognition unit 170 recognizes a danger (Step S164).

The danger recognition unit 170 may recognize a danger immediately upon receipt of

the beacon or determine whether there is a danger based on position data contained in

the beacon and a user position.

[0090] When the danger recognition unit 170 recognizes a danger in Step SI64, the alarm

unit 180 interrupts into the AR application being provided by the application unit 130

(Step S170). Then, the alarm unit 180 alarms the user to the presence of a danger by

the way illustrated in Figs. 11 to 14 or another way (Step SI80).

[009 1] 3-4. Fourth Scenario

Fig. 18 is a flowchart showing an example of a flow of a danger alarm process in a

fourth scenario. In the fourth scenario, the recognition of a danger using a map created

based on a result of image recognition of the input image is performed.

[0092] Referring to Fig. 18, an input image is first acquired by the image recognition unit

140 (Step S140). Next, the image recognition unit 140 recognizes a real object

appearing in the acquired input image (Step SI42). Then, the estimation unit 150

estimates the position of each real object recognized by the image recognition unit 140

and the user position (Step SI44). Then, the estimation unit 150 stores the estimated

position of each real object and the user position into the map storage unit 152 (Step

S146). After that, the estimation unit 150 calculates the distance between the position

of each real object stored in the map storage unit 152 and the latest user position, and

further calculates the user's approach speed to each real object (Step S148).

[0093] Then, the danger recognition unit 170 determines whether there is a danger by

comparing the distance between each real object and the user and the user's approach

speed to each real object respectively estimated and calculated by the estimation unit

150 with predetermined thresholds (Step SI66). When the danger recognition unit 170

determines that there is a danger, the alarm unit 180 interrupts into the AR application

being provided by the application unit 130 (Step S170). Then, the alarm unit 180 may

alarm the user to the presence of a danger by the way, for example, illustrated in Figs.

11 to 14 or another way (Step SI80). On the other hand, when the danger recognition

unit 170 determines that there is no danger in Step S166, the process returns to Step

S140.

[0094] 3-5. Fifth Scenario



Fig. 19 is a flowchart showing an example of a flow of a danger alarm process in a

fifth scenario. In the fifth scenario, the recognition of a danger using information

acquired from the application unit 130 is performed.

[0095] Referring to Fig. 19, the danger recognition unit 170 first acquires information in

dicating the display volume of a virtual object from the application unit 130 (Step

S150). Then, the danger recognition unit 170 calculates the object occupancy rate by

dividing the display volume of the virtual object by the size of the input image (or the

screen size) (Step S152).

[0096] Then, the danger recognition unit 170 may determine whether there is a danger by

comparing the object occupancy rate with a predetermined threshold (S168). When the

danger recognition unit 170 determines that there is a danger, the alarm unit 180 in

terrupts into the AR application being provided by the application unit 130 (Step

S170). Then, the alarm unit 180 may alarm the user to the presence of a danger by the

way illustrated in Figs. 11 to 14 or another way (Step SI80). On the other hand, when

the danger recognition unit 170 determines that there is no danger in Step S168, the

process returns to Step SI50.

[0097] 4. Summary

Various embodiments of the present disclosure are described in detail above with

reference to Figs. 1 to 19. The information processing device 100 according to these

embodiments alarms a user to the presence of a danger when a danger faced by the

user is recognized in the real space during the time that an AR application is being

provided to the user. This reduces the risk of a danger faced by the user in the real

world. As a result, the user can use the AR application with less worry.

[0098] Further, according to an embodiment, an alarm to a user can be made by controlling

the display of the AR application. The user of the AR application can thereby

recognize a danger promptly without missing the alarm.

[0099] Further, according to an embodiment, an alarm can be made by interrupting into the

AR application. Therefore, regardless of the type of the AR application installed into

the information processing device 100, it is possible to alarm a user to the presence of

a danger during the time that the AR application is being provided. Further, the above-

described alarm function may be implemented as an independent function which is not

dependent on any AR application. In this case, there may not be a need for each AR

application to take measures to reduce the risk of a danger, so that the flexibility of the

development of AR applications can be enhanced.

[0100] Further, according to an embodiment, a danger faced by a user can be recognized

based on a result of the image recognition of the input image which is used for the

provision of the AR application. Specifically, a parameter such as the distance between

a real object in the real space and a user, the user's approach speed to each real object,



or the user's travel speed is estimated based on a result of the image recognition. Then,

a danger may be recognized using the estimated parameter. In this case, the above-

described danger alarm process can be easily achieved by extending a device capable

of providing the AR application at low cost.

[0101] Further, according to an embodiment, the presence of an obstacle which is likely to

collide with a user in the real space can be recognized as a danger. This reduces the

risk that a user collides with an obstacle while the user's attention is being attracted to

the AR application.

[0102] Further, according to an embodiment, the approach or entry of a user to a dangerous

region or the approach to a dangerous object can be also recognized as a danger. This

reduces the risk that a user approaches or enters a dangerous region, or a user ap

proaches a dangerous object while the user's attention is being attracted to the AR ap

plication.

[0103] Further, according to an embodiment, information about a danger can be provided

from an external device. When information defining a dangerous region or dangerous

object is provided from a data server, the danger recognition capability of the in

formation processing device 100 is enhanced compared with the case where the in

formation processing device 100 recognizes a danger by itself. Further, when a device

of another user having an equivalent danger alarm function to the information

processing device 100 provides information about a danger, a danger can be

recognized with higher reliability by the cooperation between the devices. Fur

thermore, when a device that issues information about a danger is placed in a real

object or region which is likely to cause a danger, a danger can be recognized with still

higher reliability in a location with a high degree of danger.

[0104] Further, according to an embodiment, a range sensor capable of measuring a distance

from a real object in the real space along a direction different from the optical axis of

an imaging device is used for the recognition of a danger. This may enable recognition

of a danger which is not recognizable by the image recognition only.

[0105] Further, according to an embodiment, whether the user's attention is inhibited or not

is determined based on the proportion of a displayed virtual object on a screen. This

reduces the risk that a user is late to notice a danger present in the real world due to too

many virtual objects displayed on the screen.

[0106] Further, according to an embodiment, an alarm which is unnecessary for a user is

disabled based on the number of times of alarms, user's action history, or explicit

setting by a user. This prevents that the use of the AR application by the user is

inhibited by an unwanted alarm for the user.

[0107] Further, according to an embodiment, the AR application can be suspended or

terminated upon recognition of a danger. In this case, the user's attention can be more



reliably drawn to the recognized danger. Further, a virtual object being displayed by

the AR application can be flashing or translucent. Therefore, the presence of a danger

appearing in the input image is not completely hidden by the virtual object.

[0108] Further, according to an embodiment, an object for warning can be displayed on a

screen upon recognition of a danger. The object for warning can alarm a user to the

position or region of the recognized danger. A user can thereby recognize the cause of

the danger promptly.

[0109] Although preferred embodiments of the present disclosure are described above with

reference to the appended drawings, the present disclosure is not limited thereto. It

should be understood by those skilled in the art that various modifications, com

binations, sub-combinations and alterations may occur depending on design re

quirements and other factors insofar as they are within the scope of the appended

claims or the equivalents thereof.

[01 10] For example, the present technology can adopt the following configurations.

(1)

An information processing device capable of providing to a user an augmented

reality application that displays a virtual object superimposed onto a real space,

comprising:

a danger recognition unit that recognizes a danger faced by the user in the real space;

and

an alarm unit that alarms the user to a presence of a danger when a danger is

recognized by the danger recognition unit during time that the augmented reality ap

plication is being provided to the user.

(2)

The information processing device according to the (1), wherein

the alarm unit alarms the user to a presence of a danger by controlling display of the

augmented reality application.

(3)

The information processing device according to the (1) or (2), wherein

the alarm unit alarms the user to a presence of a danger by interrupting into the

augmented reality application.

(4)

The information processing device according to any one of the (1) to (3), wherein

the alarm unit suspends or terminates the augmented reality application being

provided to the user when a danger is recognized by the danger recognition unit.

(5)

The information processing device according to any one of the (1) to (4), wherein

the alarm unit makes a virtual object displayed in the augmented reality application



being provided to the user flashing or translucent when a danger is recognized by the

danger recognition unit.

(6)

The information processing device according to any one of the (1) to (5), wherein

the alarm unit displays an object for warning on a screen on which the augmented

reality application is being provided when a danger is recognized by the danger

recognition unit.

(7)

The information processing device according to any one of the (1) to (6), wherein

the object for warning indicates a position or a region corresponding to a cause of a

danger recognized by the danger recognition unit.

(8)

The information processing device according to any one of the (1) to (7), wherein

the danger recognition unit recognizes a presence of a real object likely to collide with

the user in the real space as a danger.

(9)

The information processing device according to any one of the (1) to (8), further

comprising:

an information acquisition unit that acquires dangerous region information defining a

dangerous region with a relatively low level of safety in the real space, wherein

the danger recognition unit recognizes approach or entry of the user to the dangerous

region defined by the dangerous region information as a danger.

(10)

The information processing device according to any one of the (1) to (9), further

comprising:

an information acquisition unit that acquires dangerous object information defining a

dangerous object likely to cause a danger to the user in the real space, wherein

the danger recognition unit recognizes approach of the user to the dangerous object

defined by the dangerous object information as a danger.

(11)
The information processing device according to any one of the (1) to (10), wherein

the danger recognition unit recognizes a danger when a proportion of the displayed

virtual object on a screen exceeds a predetermined threshold.

(12)

The information processing device according to any one of the (l) to (ll), wherein

the alarm unit does not alarm the user to a presence of a danger for which an alarm has

been already made to the user a number of times equal to a predetermined upper limit.

(13)



The information processing device according to any one of the (1) to (12), wherein

the alarm unit does not alarm the user to a presence of a danger when the user is

performing an action similar to an action contained in an action history of the user.

(14)

The information processing device according to any one of the (1) to (13), further

comprising:

a setting unit that disables an alarm by the alarm unit for a danger previously specified

by the user.

(15)

The information processing device according to any one of the (1) to (14), further

comprising:

a range sensor that measures a distance between a real object in the real space and the

user, wherein

the danger recognition unit recognizes a danger faced by the user based on the distance

from each real object measured by the range sensor.

(16)

The information processing device according to the (15), wherein

the range sensor is mounted to be capable of measuring the distance along a direction

different from an optical axis of an imaging device used for provision of the

augmented reality application.

(17)

The information processing device according to any one of the (1) to (15), further

comprising:

a communication unit that receives information about a danger from an external

device, wherein

the danger recognition unit recognizes a danger faced by the user using the information

about a danger received by the communication unit.

(18)

The information processing device according to the (17), wherein

the external device is a device placed on a real object or in a region likely to cause a

danger to the user.

(19)

The information processing device according to the (17), wherein

the external device is a device of another user having an equivalent danger alarm

function to the information processing device.

(20)

The information processing device according to the (17), wherein

the information about a danger is information identifying a position or a range of a real



object or a region likely to cause a danger to the user, and

the danger recognition unit recognizes a danger faced by the user based on the in

formation about a danger and a position of the user.

(21)

An alarm method in an information processing device capable of providing to a user an

augmented reality application that displays a virtual object superimposed onto a real

space, comprising:

recognizing a danger faced by the user in the real space during time that the augmented

reality application is being provided to the user; and

alarming the user to a presence of a danger when a danger is recognized.

(22)

A program causing a computer controlling an information processing device capable of

providing to a user an augmented reality application that displays a virtual object su

perimposed onto a real space to function as:

a danger recognition unit that recognizes a danger faced by the user in the real space;

and

an alarm unit that alarms the user to a presence of a danger when a danger is

recognized by the danger recognition unit during time that the augmented reality ap

plication is being provided to the user.

Reference Signs List
1 Real space

10 Block (example of dangerous object)

12 Stairs (example of dangerous region)

20a-c External device

100 Information processing device

102 Imaging unit

104 Sensor unit

106 Positioning unit

108 Communication unit

110 Storage unit

150 Estimation unit

160 Information acquisition unit

170 Danger recognition unit

180 Alarm unit

190 Setting unit
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Claims
[Claim 1] An apparatus comprising:

a memory storing instructions; and

a control unit executing the instructions to:

send signals to display, for a user, a first virtual image superimposed

onto a representation of real space;

send signals to identify a potential source of interest for the user, the

potential source of interest being outside of a user focus area in the rep

resentation of real space; and

send signals to notify the user of the potential source of interest.

[Claim 2] The apparatus of claim 1, wherein identify a potential source of interest

comprises analyzing input signals used to create the representation of

real space.

[Claim 3] The apparatus of claim 1, wherein the potential source of interest

comprises a potential source of danger for the user.

[Claim 4] The apparatus of claim 1, wherein the potential source of interest is at

least partially occluded by the first virtual image.

[Claim 5] The apparatus of claim 1, wherein sending signals to notify the user

further comprises sending signals to alter the first virtual image.

[Claim 6] The apparatus of claim 1, wherein sending signals to notify the user

further comprises sending signals to generate at least one of an audio

alarm, a tactile alarm, or a visual alarm.

[Claim 7] The apparatus of claim 1, wherein the visual alarm comprises a second

virtual image.

[Claim 8] The apparatus of claim 1, wherein the control unit executes the in

structions to:

send signals to monitor a user action; and

identify the potential source of interest based in part on the monitored

user action.

[Claim 9] The apparatus of claim 8, wherein the control unit executes the in

structions to determine whether or not the user is aware of the potential

source of interest based on the monitored user action.

[Claim 10] The apparatus of claim 8, wherein the monitored user action comprises

a series of actions.

[Claim 11] The apparatus of claim 10, wherein the control unit executes the in

structions to determine whether or not the user is aware of the potential

source of interest by comparing a number of actions in the series of
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actions with a threshold number of user actions.

The apparatus of claim 10, wherein the control unit executes the in

structions to determine whether or not the series of actions indicates

that the user has at least one of avoided the potential source of interest

or approached the potential source of interest.

The apparatus of claim 8, wherein the control unit executes the in

structions to determine whether or not the potential source of interest is

of interest to the user based in part on the monitored user action.

The apparatus of claim 13, wherein the monitored user action is a

reaction to a type of potential source of interest to which the potential

source of interest belongs.

The apparatus of claim 1, wherein executing the instructions to identify

the potential source of interest further comprises at least one of

performing an analysis of the representation of real space, receiving a

signal indicative of a distance between the apparatus and the potential

source of interest, or receiving a signal from an external device.

The apparatus of claim 15, wherein performing an analysis comprises

searching the representation of real space for the potential source of

interest.

The apparatus of claim 1, wherein the apparatus is a user device and the

control unit executes the instructions to send the signals to identify a

potential source of interest to a remote server.

The apparatus of claim 1, wherein the apparatus is a server and the

control unit executes the instructions to send signals to identify a

potential source of interest comprises sending the signals to identify a

potential source of interest to a user device.

A method comprising:

displaying, for a user, a virtual image superimposed onto a repre

sentation of real space;

identifying a potential source of interest for the user, the potential

source of interest being outside of a user focus area in the repre

sentation of real space; and

notifying the user of the potential source of interest.

A tangibly embodied non-transitory computer-readable medium storing

instructions which, when executed by a processor, perform a method

comprising:

displaying, for a user, a virtual image superimposed onto a repre

sentation of real space;
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identifying a potential source of interest for the user, the potential

source of interest being outside of a user focus area in the repre

sentation of real space; and

notifying the user of the potential source of interest.
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