
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/069189 Al
16 May 2013 (16.05.2013) W P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G06T 19/00 (201 1.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/JP20 12/005904 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,

14 September 2012 (14.09.2012) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,

(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
201 1-247568 11 November 201 1 ( 11. 11.201 1) JP (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): SONY GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

CORPORATION [JP/JP]; 1-7-1, Konan, Minato-ku, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Tokyo, 1080075 (JP). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, LU, LV,(72) Inventor; and
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,(75) Inventor/Applicant (for US only): KASAHARA, Shuni-
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,chi [JP/JP]; c/o SONY CORPORATION, 1-7-1, Konan,
ML, MR, NE, SN, TD, TG).

Minato-ku, Tokyo, 1080075 (JP).
Published:(74) Agents: KAMEYA, Yoshiaki et al; HAZUKI INTERNA

TIONAL YOTSUYA, Daiichi Tomizawa Building, 3-1-3, — with international search report (Art. 21(3))
Yotsuya, Shinjuku-ku, Tokyo, 1600004 (JP).

(54) Title: INFORMATION PROCESSING APPARATUS, INFORMATION PROCESSING METHOD, AND PROGRAM

00

©

(57) Abstract: An apparatus including an image processor configured to receive a video including an object, determine a positional
relationship between the apparatus and the object, and change a positional relationship between an image superimposed on the video
and the object when the positional relationship between the apparatus and the object changes.o



Description

Title of Invention: INFORMATION PROCESSING APPARATUS,

INFORMATION PROCESSING METHOD, AND PROGRAM
Technical Field

[0001] The present disclosure relates to an information processing apparatus, an information

processing method, and a program encoded on a non-transitory computer readable

medium.

Background Art
[0002] In recent years, a technique called augmented reality (AR) in which additional in

formation is superimposed on a real image so as to be presented to a user has attracted

attention. In the AR technique, information presented to a user is also called annotation

and the information is visualized as various types of virtual objects such as, for

example, texts, icons or animation. As an example of the AR technique, Patent

Literature 1 discloses a technique in which an image of a virtual object imitating a real

object such as furniture is superimposed on a real image so as to be displayed, thereby

easily attempting to arrange furniture and so on.

Citation List

Patent Literature
[0003] PTL 1: JP 2003-256876A

Summary

Technical Problem
[0004] The above-described AR technique is realized, for example, by capturing a real

image using a device held by the user and by superimposing the display of a virtual

object related to a real object reflected in the image. In this case, for example, postures

of the reflected real object are variously changed depending on the movement of the

user or changes in methods of holding the device. That is to say, even in the same real

object, a size or angle in the image is changed depending on the circumstances. Thus,

even if a captured image of the same real object is displayed, there are cases where ap

propriate display methods of additional information are different.

[0005] Therefore, it is desirable to provide novel and improved information processing

apparatus, information processing method, and program encoded on a non-transitory

computer readable medium, capable of appropriately displaying additional information

so as to be suitable for a posture of a real object.

Solution to Problem
[0006] In one embodiment, the present invention includes apparatus including an image



processor configured to receive a video including an object, determine a positional re

lationship between the apparatus and the object, and change a positional relationship

between an image superimposed on the video and the object when the positional rela

tionship between the apparatus and the object changes.

Advantageous Effects of Invention
[0007] As described above, according to embodiments of the present disclosure, it is

possible to appropriately display additional information so as to be suitable for a

posture of a real object.

Brief Description of Drawings
[0008] [fig. 1]FIG. 1 is a diagram illustrating a reference technique regarding a first em

bodiment of the present disclosure;

[fig.2]FIG. 2 is a block diagram illustrating an example of the functional configuration

of the information processing apparatus according to the first embodiment of the

present disclosure;

[fig.3]FIG. 3 is a diagram illustrating a first state where a virtual object is displayed by

the information processing apparatus according to the first embodiment of the present

disclosure;

[fig.4]FIG. 4 is a diagram illustrating a second state where a virtual object is displayed

by the information processing apparatus according to the first embodiment of the

present disclosure;

[fig.5]FIG. 5 is a diagram illustrating a change in display of a virtual object by the in

formation processing apparatus according to the first embodiment of the present

disclosure;

[fig.6]FIG. 6 is a flowchart illustrating an example of the process flow of image

display process in the information processing apparatus according to the first em

bodiment of the present disclosure;

[fig.7]FIG. 7 is a flowchart illustrating an example of the process flow of display target

setting process in the information processing apparatus according to the first em

bodiment of the present disclosure;

[fig.8]FIG. 8 is a diagram illustrating an example of the alternative selection and the

message display according to the first embodiment of the present disclosure;

[fig.9]FIG. 9 is a diagram illustrating a first state where a virtual object is displayed by

an information processing apparatus according to a second embodiment of the present

disclosure;

[fig.l0]FIG. 10 is a diagram illustrating a second state where a virtual object is

displayed by the information processing apparatus according to the second em

bodiment of the present disclosure;



[fig. 11]FIG. 11 is a diagram illustrating a change in display of a virtual object by the

information processing apparatus according to the second embodiment of the present

disclosure;

[fig. 12]FIG. 12 is a diagram illustrating a positional relationship between a detected

real object and a device according to a third embodiment of the present disclosure;

[fig.l3]FIG. 13 is a diagram illustrating a first state where a virtual object is displayed

by the information processing apparatus according to the third embodiment of the

present disclosure;

[fig.l4]FIG. 14 is a diagram illustrating a second state where a virtual object is

displayed by the information processing apparatus according to the third embodiment

of the present disclosure;

[fig. 15]FIG. 15 is a diagram illustrating a change in display of a virtual object by the

information processing apparatus according to the first embodiment of the present

disclosure;

[fig.l6]FIG. 16 is a flowchart illustrating an example of the process flow of display

target setting process in the information processing apparatus according to the third

embodiment of the present disclosure;

[fig.l7]FIG. 17 is a block diagram illustrating another example of the functional con

figuration of an information processing apparatus according to an embodiment of the

present disclosure;

[fig.l8]FIG. 18 is a block diagram illustrating further another example of the

functional configuration of the information processing apparatus according to an em

bodiment of the present disclosure; and

[fig. 19]FIG. 19 is a block diagram illustrating a hardware configuration of the in

formation processing apparatus.

Description of Embodiments
[0009] Hereinafter, preferred embodiments of the present disclosure will be described in

detail with reference to the appended drawings. Note that, in this specification and the

appended drawings, structural elements that have substantially the same function and

structure are denoted with the same reference numerals, and repeated explanation of

these structural elements is omitted.

[0010] In addition, the description will be made in the following order.

1. First Embodiment (an example of changing a display position relative to a real

object)

2. Second Embodiment (an example of changing an amount of displayed in

formation)

3. Third Embodiment (an example of changing a content of displayed information)



4. Other Embodiments regarding Apparatus Configuration

5. Supplement

[0011] 1. First Embodiment

The first embodiment of the present disclosure will be described with reference to

FIGS. 1 to 8. In the first embodiment of the present disclosure, a display position of a

virtual object relative to a real object is changed depending on a relative positional re

lationship between the real object reflected in an image and a device capturing the

image.

[0012] 1-1. Reference Technique

First, a description will be made of a reference technique for better understanding of

the present embodiment. FIG. 1 is a diagram illustrating the reference technique

regarding the first embodiment of the present disclosure.

[0013] An information processing apparatus 10 related to the reference technique is shown

in FIG. 1. The information processing apparatus 10 includes an image pickup unit (not

shown) and a display unit 12, and the information processing apparatus 10 executes an

AR application.

[0014] Here, the display unit 12 displays an image where the information processing

apparatus 10 superimposes a virtual object obj_v related to a real object obj_r on an

image in which the real object obj_r captured by the image pickup unit is reflected. In

the shown example, in a case where the real object obj_r (a book) is captured from the

front side as shown in (a) of FIG. 1, and in a case where the real object obj_r is

captured obliquely as shown in (b) of FIG. 1, the virtual object obj_v (an image

regarding a content of the book) is transformed into different forms and is displayed. In

other words, the virtual object obj_v is transformed and displayed to be suitable for the

change in the appearance due to the change in a posture of the real object obj_r.

[0015] As such, in the AR application, there are cases where a virtual object is transformed

to be suitable for a posture of a real object and is disposed in an AR space. Thereby,

for example, a user recognizes the virtual object as if the virtual object is reflected on a

surface of a real object and exists therein, and thus can easily understand a relationship

between the real object and the virtual object.

[0016] However, as shown in (b) of FIG. 1 of the illustrated example, there is a case where it

is difficult for the transformed virtual object obj_v to be visually recognized according

to a posture of the real object obj_r. In this case, it is difficult to say that the virtual

object obj_v is displayed in an appropriate manner.

[0017] Therefore, in the present embodiment, by changing a display position of a virtual

object relative to a real object depending on a positional relationship between the real

object reflected in an image and a device capturing the image, even in the case, it is

possible to display the virtual object obj_v in an appropriate manner.



[0018] 1-2. Apparatus Configuration

Next, with reference to FIG. 2, a functional configuration according to the present

disclosure will be described. FIG. 2 is a block diagram illustrating an example of the

functional configuration of the information processing apparatus according to the first

embodiment of the present disclosure.

[0019] Referring to FIG. 2, an information processing apparatus 100 according to the

present embodiment includes an image pickup unit 102, an image recognition unit 104,

a model DB 106, a positional relationship detection unit 108, a selection unit 110, an

object DB 112, a display target information output unit 114, a message information

output unit 116, a display control unit 118, and a display unit 120.

[0020] In the present embodiment, the information processing apparatus 100 will be

described as a terminal apparatus into which the respective units including the image

pickup unit and the display unit, such as a smart phone, a tablet type PC (Personal

Computer), PDA (Personal Digital Assistant), a portable gaming machine, or a

portable music player are integrated. However, the information processing apparatus

100 may be other information processing apparatuses such as a notebook type or

desktop type PC. In this case, for example, the image pickup unit or the display unit

may be provided separately from the other units. In addition, in a case where the in

formation processing apparatus 100 is divided into a plurality of units, the "information

processing apparatus 100" in the disclosure such as a "positional relationship between

the information processing apparatus 100 and a real object" or an "angle of a real

object relative to the information processing apparatus 100" indicates a portion at

which the image pickup unit of the information processing apparatus 100 is provided

unless otherwise specifically defined herein.

[0021] Among the above-described functional configurations, the image pickup unit 102 is

realized by, for example, an image pickup device included in the information

processing apparatus 100. In addition, the image recognition unit 104, the positional

relationship detection unit 108, the selection unit 110, the display target information

output unit 114, the message information output unit 116, and the display control unit

118 are realized by, for example, a CPU (Central Processing Unit), a RAM (Random

Access Memory), and a ROM (Read Only Memory) of the information processing

apparatus 100 being operated according to a program. The model DB 106 and the

object DB 112 are realized by, for example, an internal or external storage device of

the information processing apparatus 100. The display unit 120 is realized by, for

example, a variety of displays which are included in the information processing

apparatus 100 as output devices or are connected to the information processing

apparatus 100 as external connection devices.

[0022] <Image Pickup Unit>



The image pickup unit 102 captures a real space to generate an image. The image

pickup unit 102 may capture moving images. The moving images are configured by a

plurality of images forming consecutive frames. The image pickup unit 102 provides

the generated image to both the image recognition unit 104 and the display control unit

118. At this time, the generated image may be temporarily stored in, for example, the

RAM or the storage device.

[0023] <Image Recognition Unit>

The image recognition unit 104 performs object recognition using data stored in the

model DB 106. The model DB 106 is a database which stores in advance model data

regarding shapes or appearances of objects which are targets recognized by the in

formation processing apparatus 100. In the present embodiment, targets recognized by

the information processing apparatus 100 are any objects in a real space. The model

data includes data defining a shape of each object, image data such as a predetermined

symbol mark or a text label added to each object, data of a feature amount set extracted

from an existing image for each object, and the like.

[0024] More specifically, the image recognition unit 104 uses an image captured by the

image pickup unit 102 as an input image, thereby recognizing which object is reflected

in the input image. The image recognition unit 104 compares, for example, a feature

point set extracted from the input image with a shape of an object defined by the model

data. In addition, the image recognition unit 104 may compare image data such as a

symbol mark or a text label defined by the model data with the input image. Fur

thermore, the image recognition unit 104 may compare a feature amount of an image

of an existing object defined by the model data with a feature amount extracted from

the input image.

[0025] <Positional Relationship Detection Unit>

The positional relationship detection unit 108 detects a positional relationship

between the object recognized by the image recognition unit 104 and the information

processing apparatus 100 (more specifically, the image pickup unit 102). In the present

embodiment, an angle of the object relative to the information processing apparatus

100 is used as a positional relationship between the object and the information

processing apparatus 100. This angle is expressed as, for example, a tilt from a

reference posture which is set for an object in advance. In other words, in the present

embodiment, the positional relationship detection unit 108 detects a posture rela

tionship between the object and the information processing apparatus 100 as the p o

sitional relationship between the object and the information processing apparatus 100.

[0026] More specifically, the positional relationship detection unit 108 uses an image

captured by the image pickup unit 102 as an input image, thereby detecting a posture

of an object reflected in the input image. Here, in the present embodiment, a posture of



the object is collectively expressed by a 4*4 homogeneous transformation matrix in

dicating transformation between a model coordinate system in the model data stored in

the model DB 106 and a coordinate system of the object reflected in the input image.

The positional relationship detection unit 108 extracts an angle of the object relative to

the information processing apparatus 100 from the homogeneous transformation

matrix.

[0027] In addition, detailed examples of the positional relationship acquired by the p o

sitional relationship detection unit 108 will be described later. Since a process

performed by the positional relationship detection unit 108 is common to a process

performed by the image recognition unit 104 such as referring to the model DB 106,

the process may be performed along with the process performed by the image

recognition unit 104.

[0028] <Selection Unit>

The selection unit 110 selects a display target object which is superimposed on an

image, from a virtual object group including a plurality of kinds of virtual objects

related to the real object, according to the positional relationship detected by the p o

sitional relationship detection unit 108. More specifically, the selection unit 110 selects

a virtual object from a virtual object group including a plurality of virtual objects of

which the display positions relative to the real object are different from each other,

according to the angle of the real object relative to the information processing

apparatus 100. The virtual object is displayed at a position which is easily visually

recognized by a user. The angle of the real object relative to the information processing

apparatus 100 is acquired by the positional relationship detection unit 108. Such a

virtual object and an example of the selection of a virtual object by the selection unit

110 will be described later.

[0029] In the present embodiment, data of the virtual object group is stored in the object DB

112. The object DB 112 may be a database which stores in advance data of a virtual

object group corresponding to each real object. In addition, the object DB 112 may be

a database which temporarily stores a virtual object group which corresponds to a real

object recognized by the image recognition unit 104 and is downloaded from an

external device.

[0030] Furthermore, the object DB 112 may be a database which temporarily stores a virtual

object which is obtained by processing a part of or the overall real object reflected in

an image captured by the image pickup unit 102. The processing of the real object is

performed by a processing unit (not shown). The processing unit may generate a

virtual object by processing an image according to a result of a selection made by the

selection unit 110. In this case, for example, the selection unit 110 refers to in

formation indicating "what kind of virtual object can be generated" stored in the object



DB 112. The selection unit 110 also selects the kind of virtual object to be displayed

and instructs the processing unit to generate the virtual object.

[0031] In addition, as described later as an example of the alternative selection and the

message display, in a case where a selected virtual object cannot be displayed in an

image region, the selection unit 110 may make an alternative selection of a virtual

object which can be displayed in the image region regardless of the selection result.

[0032] In addition, the selection unit 110 may adjust a selection result such that the same

kind of virtual object is selected for a plurality of real objects related to each other. In

this case, for example, the selection unit 110 may average results detected by the p o

sitional relationship detection unit 108 for the respective real objects. The selection

unit 110 also may use the averaged result as a positional relationship common to the

respective real objects. In addition, the selection unit 110 may count the results

detected by the positional relationship detection unit 108 for the respective real objects

and may use a detection result detected from more real objects as a positional rela

tionship common to the respective real objects. Thereby, for example, the kinds of

virtual objects displayed for a plurality of real objects related to each other can be

unified, and the unification of the virtual objects for the real objects can be shown to a

user.

[0033] <Display Target Information Output Unit>

The display target information output unit 114 outputs information of the display

target object selected by the selection unit 110 to the display control unit 118 such that

the information is superimposed on the image captured by the image pickup unit 102

so as to be displayed. Here, the output information of the display target object may be

image data itself of a virtual object or may be identification information such as an ID

for separately referring to the image data of the virtual object. Here, in a case of

outputting the image data of the virtual object, the display target information output

unit 114 may generate a superimposed image of the virtual object, for example,

according to a positional relationship between the real object and the information

processing apparatus 100. The positional relationship is detected by the positional rela

tionship detection unit 108. The display target information output unit 114 also may

output information of the superimposed image to the display control unit 118. For this

process, the display target information output unit 114 may refer to the object DB 112.

[0034] <Message Information Output Unit>

The message information output unit 116 is additionally provided. The message in

formation output unit 116 generates information of a message which is superimposed

on an image and displayed, and the message information output unit 116 outputs the

information to the display control unit 118. For example, in a case where an alternative

display target object is selected on account of restriction of a region of an image



captured by the image pickup unit 102, as described later, the message information

output unit 116 generates information of a message prompting a user to change a

region of the image by moving the image pickup unit 102, and the message in

formation output unit 116 outputs the information to the display control unit 118.

[0035] <Display Control Unit>

The display control unit 118 superimposes the virtual object which is a display target

object on the image captured by the image pickup unit 102. The superimposition uses

the information outputted from the display target information output unit 114. The

display control unit 118 also causes the display unit 120 to display the superimposed

result as an AR application image. At this time, the display control unit 118 may

generate a superimposed image where the display target object is disposed and

transformed to be suitable for the position, posture and size of the real object reflected

in the image, and the display control unit 118 may superimpose the superimposed

image on the image. As described above, the superimposed image may be generated by

the display target information output unit 114. When the superimposed image is

generated, the display control unit 118 may use, for example, information indicating

the positional relationship between the real object and the information processing

apparatus 100. The positional relationship is detected by the positional relationship

detection unit 108. In a case where the message information output unit 116 is

provided, the display control unit 118 superimposes a message on the image by further

using information output from the message information output unit 116.

[0036] <Display Unit>

The display unit 120 presents the AR application image to a user. The AR ap

plication image is generated by the display control unit 118. As described above, the

display unit 120 is realized by various display devices which are formed integrally

with or separately from the information processing apparatus 100. The display unit 120

may be, for example, a display screen using an LCD (Liquid Crystal Display), an

OLED (Organic Light-Emitting Diode) or a PDP (Plasma Display Panel), or a see-

through type or a non-see-through type HMD (Head Mounted Display) which is

installed by a user.

[0037] As described above, in the information processing apparatus 100 according to the

present embodiment, a display target object is selected according to a positional rela

tionship between a real object and the information processing apparatus 100. Also, the

display target object is selected from a virtual object group including a plurality of

kinds of virtual objects related to the real object. In addition, here, the "plurality of

kinds of virtual objects" are virtual objects where a superimposed image is generated

according to a plurality of pieces of image data (in other words, original data) which

are different from each other. The plurality of pieces of image data are stored in the



object DB 112, such as, for example, an "image which looks as if it exists in an inner

space of a real object" or an "image which looks as if it protrudes from a real object".

In addition, the "virtual object" is an object indicating additional information

(annotation) for a real object as described above.

[0038] 1-3. Example of Display Change

Next, an example of the display change according to the present embodiment will be

described with reference to FIGS. 3 to 5. FIG. 3 is a diagram illustrating a first state

where a virtual object is displayed by the information processing apparatus according

to the first embodiment of the present disclosure. FIG. 4 is a diagram illustrating a

second state where a virtual object is displayed by the information processing

apparatus according to the first embodiment of the present disclosure. FIG. 5 is a

diagram illustrating a change in display of a virtual object by the information

processing apparatus according to the first embodiment of the present disclosure.

[0039] FIG. 3 shows the first state where a virtual object is displayed by the information

processing apparatus 100 according to the present embodiment. As described above, in

the present embodiment, the kind of virtual object which is a display target is selected

according to an angle of a real object relative to the information processing apparatus

100. In the shown example, in the first state, since an angle A l of the real object obj_r

(a book) relative to the information processing apparatus 100 is relatively small, a

virtual object obj_vl (an image regarding a content of the book) which looks as if it

exists in an inner space of the real object obj_r is displayed. In the following de

scription, display of the virtual object when the real object obj_r is reflected in the

image in a state close to front view is referred to as "front view display".

[0040] Here, an angle A of the real object obj_r relative to the information processing

apparatus 100 may be expressed as a tilt of a posture of the real object obj_r from a

reference posture when a line of sight direction from the image pickup unit 102 of the

information processing apparatus 100 is used as a reference. The reference posture of a

real object is, for example, a posture which is defined in advance for each real object,

and may be a posture of a real object according to the above-described model co

ordinate system. In the real object obj_r (a book) in the shown example, a posture

where the cover thereof faces the image pickup unit 102 is set as the reference posture.

Here, since the real object obj_r has a plate shape, an angle A is defined as an angle

formed by a line perpendicular to the surface and a line of sight from the image pickup

unit 102. In addition, a shape of the real object obj_r is not limited to the plate shape,

and may be any shape. Therefore, the angle A of the real object obj_r relative to the in

formation processing apparatus 100 may be defined variously in addition to the shown

example.

[0041] FIG. 4 shows the second state where a virtual object is displayed by the information



processing apparatus 100 according to the present embodiment. In the shown example,

in the second state, since an angle A2 of the real object obj_r (a book) relative to the

information processing apparatus 100 is relatively large, a virtual object obj_v2 (an

image regarding a content of the book) which looks as if it protrudes from the real

object obj_r is displayed. In the following description, the display of virtual object

when the real object obj_r is reflected in the image in a state of oblique view is referred

to as "oblique view display".

[0042] As such, in the present embodiment, the virtual object obj_vl and the virtual object

obj_v2 of which display positions relative to the real object obj_r are different from

each other are selectively displayed according to a positional relationship between the

information processing apparatus 100 and the real object obj_r. In the shown example,

the virtual object obj_vl and the virtual object obj_v2 have different positions in the

depth direction when the surface of the real object obj_r is used as a reference surface.

More specifically, in a case where the real object obj_r is reflected in the image in a

state close to front view, the virtual object obj_vl which looks as if it is reflected in the

real object obj_r and exists therein is displayed. On the other hand, in a case where the

real object obj_r is reflected in the image in a state of oblique view, the virtual object

obj_v2 which looks as if it protrudes from the surface of the real object obj_r is

displayed.

[0043] Thereby, a user can be presented the virtual object obj_v which is easily visually

recognized and where a relationship with the real object obj_r is also easily u n

derstood, so as to be suitable for each posture even in a case where a posture of the real

object obj_r reflected on an image is variously changed. In addition, here, although an

example where a display target object is selected from a virtual object group including

the virtual object obj_vl in the front view display and the virtual object obj_v2 in the

oblique view display has been described, virtual objects included in the virtual object

group are not limited to these two kinds. For example, more kinds of virtual objects

may be included in the virtual object group, and display target objects may be changed

in more steps according to a posture relationship between a real object and the in

formation processing apparatus 100. Further, the changes of the positional relationship

between the virtual and real object may be performed linearly or non-linearly.

[0044] FIG. 5 shows an example of the change in display of a virtual object by the in

formation processing apparatus 100 according to the present embodiment. As

described above, in the present embodiment, display of a virtual object by the in

formation processing apparatus 100 is varied depending on an angle of a real object

relative to the information processing apparatus 100. In addition, in the example

described here, an angle A of a plate-shaped real object obj_r relative to the in

formation processing apparatus 100 is defined as an angle formed by a line per-



pendicular to the surface of the real object obj_r and a line of sight from the image

pickup unit 102 of the information processing apparatus 100. FIG. 5 is a diagram i l

lustrating a positional relationship between the information processing apparatus 100

and the real object obj_r through simplification only in one direction on the two-

dimensional plane in relationships between the angle A and the front view display and

the oblique view display of the virtual object. As will be readily apparent to a person

skilled in the art, in practice, similar relationship is established for any direction on a

three-dimensional space.

[0045] In the shown example, when the information processing apparatus 100 faces the real

object obj_r, the angle A is 0(deg). In a state of A=0(deg), display of the virtual object

is the front view display as in a case of the angle A=A1 shown in FIG. 3. If the in

formation processing apparatus 100 is gradually tilted with respect to the real object

obj_r from the state and the angle A exceeds a threshold value Tl, the display of the

virtual object is changed to the oblique view display as in a case of the angle A=A2

shown in FIG. 4. On the other hand, if the information processing apparatus 100

gradually comes close to the front surface of the real object obj_r from the state where

the display of the virtual object is the oblique view display and the angle A becomes

smaller than a threshold value T2, then the display of the virtual object is changed to

the front view display.

[0046] As such, in the present embodiment, the kind of virtual object which becomes a

display target object is selected using a threshold value set as an index value (the angle

A) regarding a positional relationship between the information processing apparatus

100 and the real object obj_r. In a case where the image pickup unit 102 captures

moving images and the kind of virtual object is selected for each of images forming

consecutive frames, a different threshold value may be used depending on a virtual

object which has been displayed until then, that is, the kind of virtual object selected in

an image of the previous frame, such as the above-described threshold values Tl and

T2. As such, by giving hysteresis to the selection of a virtual object, it is possible to

prevent reduction in visibility occurring since display of the virtual object is frequently

changed due to vibration of the angle A around a threshold value caused by camera

shake, etc.

[0047] 1-4. Example of Process Flow

Next, with reference to FIGS. 6 and 7, a description will be made of an example of

the process flow performed by the information processing apparatus according to the

present embodiment. FIG. 6 is a flowchart illustrating an example of the process flow

of image display process in the information processing apparatus according to the first

embodiment of the present disclosure. FIG. 7 is a flowchart illustrating an example of

the process flow of display target setting process in the information processing



apparatus according to the first embodiment of the present disclosure.

[0048] FIG. 6 is a flowchart illustrating an image display process according to the present

embodiment. The image display process described here is a series of processes

performed until a virtual object is superimposed on the image so as to be displayed

after the information processing apparatus 100 acquires an image for a real space. In

the shown example, the image pickup unit 102 captures moving images, and thus the

image display process is repeatedly performed for the respective images forming the

consecutive frames.

[0049] First, in step S101, the image pickup unit 102 acquires an image. Here, the acquired

image is an image which is obtained by capturing a real space and is reflecting a real

object obj_r therein.

[0050] Next, in step S103, the image recognition unit 104 performs object recognition for

the acquired image. Here, the image recognition unit 104 recognizes the real object

obj_r reflected in the image by the use of the model data stored in the model DB 106.

[0051] Next, in step S105, the positional relationship detection unit 108 detects a positional

relationship between the information processing apparatus 100 and the real object

obj_r. Here, the positional relationship detection unit 108 detects an angle A of the real

object obj_r relative to the information processing apparatus 100.

[0052] Next, in step SI07, the selection unit 110 determines whether or not the positional re

lationship between the information processing apparatus 100 and the real object obj_r

is varied as compared with an image of the previous frame. The positional relationship

is indicated by the angle A. If the positional relationship is varied, then the selection

unit 110, in step S109, selects a display target object on the basis of the positional rela

tionship after being varied. On the other hand, if the positional relationship is not

varied, since the kind of virtual object selected as a display target object for the image

of the previous frame is continuously used, the selection unit 110 skips step S109.

[0053] In addition, a display target selection process in step S109 will be described later

with reference to FIG. 7.

[0054] Next, in step Sill, the display target information output unit 114 outputs information

related to the display target object selected by the selection unit 110 to the display

control unit 118.

[0055] Next, in step SI 13, the display control unit 118 superimposes the virtual object on

the image so as to be displayed on the display unit 120 according to the information of

the display target object outputted from the display target information output unit 114.

Thereby, the image on which the virtual object appropriately selected by the selection

unit 110 is superimposed is presented to a user as an AR application image.

[0056] FIG. 7 is a flowchart illustrating a display target setting process according to the

present embodiment. The display target setting process described here is a process



performed in step S109 of the image display process as described above. In the shown

example, the image pickup unit 102 captures moving images, and thus the display

target setting process may be also performed for the respective images forming the

consecutive frames.

[0057] First, in step S201, the selection unit 110 determines whether or not the display of

virtual object in the previous frame is the front view display. As described above, the

front view display is a display of the virtual object obj_vl which looks as if it exists in

an inner space of the real object obj_r when the real object obj_r is reflected in the

image in a state close to front view.

[0058] Here, if the display of the virtual object in the previous frame is the front view

display, then the selection unit 110, in step S203, sets a threshold value Tl as a

threshold value of the angle A used to determine a continuous display target. On the

other hand, if the display of the virtual object in the previous frame is not the front

view display, that is, the display is the oblique view display, the selection unit 110, in

step S205, sets a threshold value T2 as the threshold value. As described with reference

to FIG. 5, the threshold values T l and T2 of the angle A in the present embodiment has

a relationship of T2<T1. Thereby, it is possible to select a display target object having

hysteresis.

[0059] Next, in step S207, the selection unit 110 determines whether or not the angle A

detected by the positional relationship detection unit 108 is equal to or less than the

threshold value set in step S203 or step S205.

[0060] Here, if it is determined that the angle A is equal to or less than the threshold value,

that is, the real object obj_r is reflected in the image in a state close to front view, in

step S209, the selection unit 110 sets the virtual object in the front view display as a

display target. On the other hand, if it is not determined that the angle A is equal to or

less than the threshold value, that is, the real object obj_r is reflected in the image in a

state of oblique view, in step S21 1, the selection unit 110 sets the virtual object in the

oblique view display as a display target.

[0061] As above, the display target setting process finishes, and information of the set

display target object is output to the display control unit 118 by the display target in

formation output unit 114.

[0062] 1-5. Example of Alternative Selection and Message Display

Next, with reference to FIG. 8, an example of the alternative selection and message

display according to the present embodiment will be described. FIG. 8 is a diagram i l

lustrating an example of the alternative selection and message display according to the

first embodiment of the present disclosure.

[0063] FIG. 8 shows a diagram for comparison of a case where alternative selection and

message display are performed and a case where they are not performed. In the case



shown in (a) of FIG. 8, the real object obj_r is reflected in the image in a state of

oblique view. Therefore, the virtual object obj_v2 which looks as if it protrudes from

the real object obj_r is displayed.

[0064] On the other hand, in the case shown in (b) of FIG. 8, the real object obj_r is

reflected in the image in a state of oblique view in similar manner as (a) of FIG. 8.

However, in (b) of FIG. 8, since the real object obj_r is reflected close to the end of the

screen, if the virtual object obj_v2 is to be displayed as in (a) of FIG. 8, a display

position of the virtual object obj_v2 would exceed the image effective region.

Therefore, the selection unit 110 selects the virtual object obj_vl which can be

displayed in the image effective region as a display target regardless of the deter

mination result obtained for the angle A of the real object obj_r relative to the in

formation processing apparatus 100.

[0065] Thereby, it is possible to prevent the virtual object from not being visually

recognized by a user because display of the virtual object exceeds the image region.

However, the display of the virtual object obj_v2 in a state of (b) of FIG. 8 is not nec

essarily in a state easily visually recognized by a user, for example, since the size

thereof is significantly transformed according to the tilt of the surface of the real object

obj_r. In addition, in this state, it is difficult to let the user know that the virtual object

obj_v2 can be displayed as in (a) of FIG. 8.

[0066] Therefore, in the shown example, a message msg based on information generated by

the message information output unit 116 is superimposed on the image so as to be

displayed. The message msg may be a message which prompts the user to pay

attention to the real object obj_r so as to change the image region accordingly and be

guided to a state where the virtual object obj_v2 which is to be originally selected can

be displayed, such as, for example, "LOOK AT THE OBJECT!". In addition, the

message information output unit 116 may output, as message information, information

for designating a display position of the message msg which is adjusted so as not to

overlap the virtual object obj_vl.

[0067] In the above example, for example, an image of an icon or the like may be displayed

instead of the message. In addition, a notification may be provided to a user through

lighting or blinking of an LED (Light-Emitting Diode) lamp included in the in

formation processing apparatus 100 or output of audio from the information processing

apparatus 100. In other words, the message information output unit 116 in the present

embodiment is an example of the notification unit which sends a notification to a user

so as to vary an image region when an alternative display target object is selected. This

notification may be performed through changes in display by the message information

output unit 116, the display control unit 118, and the display unit 120 as in the above-

described example. The notification also may be performed by a visual notification



unit such as a lamp, or may be performed by an audio notification unit such as a

speaker.

[0068] As above, the first embodiment of the present disclosure has been described. In the

first embodiment of the present disclosure, a display position of a real object relative to

a virtual object is changed depending on a positional relationship between the real

object reflected in an image and a device capturing the image. Although an angle is

used as the positional relationship in the above-described example, other positional re

lationships may be used. For example, a distance between a real object and a device

may be used as the positional relationship. In this case, for example, if a distance

between a real object and a device is shorter than a predetermined distance and thus the

real object is displayed so as to be relatively large, a virtual object may be displayed in

the real object, and, conversely, if the real object is displayed so as to be relatively

small, the virtual object may protrude outwardly from the real object.

[0069] According to the first embodiment of the present disclosure, for example, a virtual

object which is displayed at a position which gives the most comfortable viewing can

be superimposed on an image so as to be presented to a user in each case according to

a positional relationship between a real object and a device.

[0070] 2. Second Embodiment

Next, the second embodiment of the present disclosure will be described with

reference to FIGS. 9 to 11. In the second embodiment of the present disclosure, an

amount of information displayed by a virtual object is changed depending on a p o

sitional relationship between a real object reflected in an image and a device capturing

the image.

[0071] In addition, in a configuration of the second embodiment, parts other than parts

described in the following are similar to those of the first embodiment. The con

figuration of these parts can be sufficiently described by appropriately replacing the

description of the first embodiment according to the following description, and thus

repeated detailed description thereof will be omitted.

[0072] Here, an example of a change in display according to the present embodiment will be

described FIGS. 9 to 11. FIG. 9 is a diagram illustrating a first state where a virtual

object is displayed by an information processing apparatus according to a second em

bodiment of the present disclosure. FIG. 10 is a diagram illustrating a second state

where a virtual object is displayed by the information processing apparatus according

to the second embodiment of the present disclosure. FIG. 11 is a diagram illustrating a

change in display of a virtual object by the information processing apparatus according

to the second embodiment of the present disclosure.

[0073] FIG. 9 shows the first state where a virtual object is displayed by the information

processing apparatus 100 according to the present embodiment. In the present em-



bodiment, the kind of virtual object which is a display target is selected according to a

distance of a real object from the information processing apparatus 100. In the first

state in the shown example, since the distance d l from the information processing

apparatus 100 to the real object obj_r (a signboard) is relatively long, and the real

object obj_r reflected in the image is relatively small, a virtual object obj_v3 (only

"SALE" is displayed) which displays a smaller amount of information is displayed. In

the following description, display of a virtual object when such a smaller amount of in

formation is displayed is referred to as "outline display".

[0074] FIG. 10 shows the second state where a virtual object is displayed by the information

processing apparatus 100 according to the present embodiment. In the second state in

the shown example, since the distance d2 from the information processing apparatus

100 to the real object obj_r (a signboard) is relatively short, and the real object obj_r

reflected in the image is relatively large, a virtual object obj_v4 (the time period or

place is further displayed) which displays a larger amount of information is displayed.

In the following description, display of a virtual object when such a larger amount of

information is displayed is referred to as "detail display".

[0075] FIG. 11 shows an example of the change in display of a virtual object by the in

formation processing apparatus 100 according to the present embodiment. As

described above, in the present embodiment, the display of the virtual object by the in

formation processing apparatus 100 is changed depending on the distance d from the

information processing apparatus 100 to the real object. FIG. 11 is a diagram i l

lustrating a positional relationship between the information processing apparatus 100

and the real object obj_r through simplification only in one direction on the two-

dimensional plane in relationships between the distance d and the detail display and

outline display of the virtual object. As will be readily apparent to a person skilled in

the art, in practice, similar relationship is established for any direction on a three-

dimensional space.

[0076] In the shown example, when the information processing apparatus 100 is closest to

the real object obj_r, the distance d is 0. In a state of the distance d=0, display of the

virtual object is the detail display as in a case of the distance d=dl shown in FIG. 9. If

the information processing apparatus 100 becomes distant from the real object obj_r

from the state and the distance d exceeds a threshold value LI, the display of the

virtual object is changed to the outline display as in a case of the distance d=d2 shown

in FIG. 10. On the other hand, if the information processing apparatus 100 gradually

comes close to the real object obj_r from the state where the display of the virtual

object is the outline display, and then the distance d becomes smaller than a threshold

value L2, the display of the virtual object is changed to the detail display.

[0077] As such, in the present embodiment, the kind of virtual object which becomes a



display target object is selected using a threshold value set as a parameter (the distance

d) regarding a positional relationship between the information processing apparatus

100 and the real object obj_r. In a case where the image pickup unit 102 captures

moving images and the kind of virtual object is selected for the respective images

forming consecutive frames, a different threshold value may be used depending on a

virtual object which has been displayed until then, that is, the kind of virtual object

selected in the previous frame, such as the above-described threshold values L I and

L2. In this manner, by giving hysteresis to the selection of a virtual object, it is

possible to prevent reduction in visibility occurring since display of the virtual object is

frequently changed due to vibration of the distance d around a threshold value caused

by camera shake or the like.

[0078] As above, the second embodiment of the present disclosure has been described. In

the second embodiment of the present disclosure, an amount of information displayed

by a virtual object is changed depending on a positional relationship between the real

object reflected in an image and a device capturing the image. Although a distance is

used as the positional relationship in the above-described example, other positional re

lationships may be used. For example, an angle of a real object relative to a device may

be used as the positional relationship. In this case, for example, if a surface of the real

object is viewed nearly from the front side and thus the display area is large, a virtual

object displaying more information may be displayed, and, conversely, if the surface of

the real object is viewed obliquely and thus the display area is small, a virtual object

displaying less information may be displayed.

[0079] According to the second embodiment of the present disclosure, for example, a virtual

object which effectively displays an amount of information which gives the most com

fortable viewing can be superimposed on an image so as to be presented to a user in

each case according to a positional relationship between a real object and a device.

[0080] 3. Third Embodiment

Subsequently, the third embodiment of the present disclosure will be described with

reference to FIGS. 12 to 16. In the third embodiment of the present disclosure, the kind

of information displayed by a virtual object is changed depending on a positional rela

tionship between a real object reflected in an image and a device capturing the image.

[0081] In addition, in a configuration of the third embodiment, parts other than parts

described in the following are similar to those of the first embodiment. A configuration

of these parts can be sufficiently described by appropriately replacing the description

of the first embodiment according to the following description, and thus repeated

detailed description thereof will be omitted.

[0082] 3-1. Example of Detected Positional Relationship

First, an example of the positional relationship between a real object and a device



detected according to the present embodiment will be described with reference to FIG.

12. FIG. 12 is a diagram illustrating a positional relationship between a real object and

a device detected according to the third embodiment of the present disclosure.

[0083] FIG. 12 shows four examples (a)-(d) illustrating a detected positional relationship in

the present embodiment. In the present embodiment, a rotation angle B of the real

object obj_r reflected in the image is detected as a positional relationship between the

information processing apparatus 100 and the real object obj_r. For example, in a state

shown in (a) of FIG. 12, the image pickup unit 102 captures an image including the

real object obj_r in a state where the information processing apparatus 100 is erected.

In the shown example, in this case, the rotation angle B is 0(deg). Here, if the in

formation processing apparatus 100 is rotated in a clockwise direction by 90(deg) from

the state shown in (a) of FIG. 12 and enters a state shown in (b) of FIG. 12, the real

object obj_r is displayed in a state of being rotated by the rotation angle B=90(deg)

from the state shown in (a) of FIG. 12 in the image which is captured by the image

pickup unit 102 and is displayed on the display unit 120.

[0084] Moreover, when the information processing apparatus 100 is rotated in a clockwise

direction and enters a state shown in (c) of FIG. 12, the real object obj_r is displayed in

a state of being rotated by the rotation angle B=180(deg) from the state shown in (a) of

FIG. 12 in the image displayed on the display unit 120. On the other hand, when the

information processing apparatus 100 is rotated in a counterclockwise direction by

90(deg) from the state shown in (a) of FIG. 12 and enters a state shown in (d) of FIG.

12, the real object obj_r is displayed in a state of being rotated by the rotation angle

B=-90(deg) from the state shown in (a) of FIG. 12 in the image displayed on the

display unit 120.

[0085] In the present embodiment, the positional relationship detection unit 108 of the in

formation processing apparatus 100 detects the rotation of the real object obj_r relative

to the information processing apparatus 100 as the example described above, as a p o

sitional relationship of the real object and the information processing apparatus 100.

More specifically, the positional relationship detection unit 108 detects a rotation of

the real object obj_r of which an axis parallel to the image pickup axis of the image

pickup unit 102 is rotated, as a positional relationship. Here, the image pickup axis of

the image pickup unit 102 may be defined, for example, as an optical axis in a portion

closest to the real object obj_r of optical systems of the image pickup unit 102.

[0086] In addition, one of differences between the present embodiment and the first and

second embodiments is that the change in a positional relationship between the real

object and the information processing apparatus 100 does not substantially change the

display of the real object in an image.

[0087] For example, in the examples shown in FIG. 12, it can be said that the display of the



real object obj_r is rotated in the coordinate system using the information processing

apparatus 100 as a reference. However, in many cases, the changes in the states as

shown in (a)-(d) of FIG. 12 occur in practice by a user changing a method of holding

the information processing apparatus 100. In these cases, since the information

processing apparatus 100 is rotated itself in a direction reverse to the rotation of the

display of the real object obj_r in the display unit 120, the real object obj_r visually

recognized by a user is not substantially rotated. For example, in the example shown in

(c) of FIG. 12, the real object obj_r displayed on the display unit 120 is rotated by the

rotation angle B=180(deg); however, if the information processing apparatus 100 itself

is held by a user in a state of being rotated by 180(deg) from the initial posture, the

display of the real object obj_r visually recognized by the user is the same as that

shown in (a) of FIG. 12.

[0088] In other words, the present embodiment indicates that the technique related to the

present disclosure is effective even in a case where it is not necessarily difficult for a

user to visually recognize a real object or a virtual object due to a change in a p o

sitional relationship between the real object and the information processing apparatus

100.

[0089] 3-2. Example of Display Change

Next, an example of the display change according to the present embodiment will be

described with reference to FIGS. 13 to 15. FIG. 13 is a diagram illustrating a first

state where a virtual object is displayed by the information processing apparatus

according to the third embodiment of the present disclosure. FIG. 14 is a diagram i l

lustrating a second state where a virtual object is displayed by the information

processing apparatus according to the third embodiment of the present disclosure. FIG.

15 is a diagram illustrating a change in display of a virtual object by the information

processing apparatus according to the third embodiment of the present disclosure.

[0090] FIG. 13 shows the first state where a virtual object is displayed by the information

processing apparatus 100 according to the present embodiment. As described above, in

the present embodiment, the kind of virtual object which is a display target is selected

according to a rotation of a real object relative to the information processing apparatus

100. In the first state in the shown example, the information processing apparatus 100

is in a state of being placed horizontally to the real object obj_r (monitor). In this case,

the display content (details) of the real object obj_r is displayed as a virtual object

obj_v5 so as to protrude from the real object obj_r. In the following description, such

display of the virtual object is also referred to as "content display".

[0091] FIG. 14 shows the second state where a virtual object is displayed by the information

processing apparatus 100 according to the present embodiment. In the second state in

the shown example, the information processing apparatus 100 is in a state of being



placed vertically to the real object obj_r (monitor). In this case, information related to

the display content (details) of the real object obj_r is displayed as a virtual object

obj_v6 so as to protrude from the real object obj_r. In the following description, such

display of the virtual object is also referred to as "related information display".

[0092] FIG. 15 shows an example of the change in display of a virtual object by the in

formation processing apparatus 100 according to the present embodiment. As

described above, in the present embodiment, the display of a virtual object by the in

formation processing apparatus 100 is changed depending on a rotation of a real object

relative to the information processing apparatus 100. In the present embodiment, a

range is set to a rotation angle, and the kind of information displayed by a virtual

object is changed depending on the range.

[0093] In the shown example, the information processing apparatus 100 is in a state of being

placed vertically to the real object obj_r, and a rotation angle B of the real object obj_r

relative to the information processing apparatus 100 is detected using a state where the

information processing apparatus 100 is erected as a reference. A range R l or a range

R2 is set for the detected rotation angle B, and the virtual object is displayed as the

content display if the rotation angle B is within this range. On the other hand, if the

rotation angle B is out of this range, a virtual object is displayed as the related in

formation display.

[0094] Here, the range Rl and the range R2 are ranges of a rotation angle of the real object

obj_r where the information processing apparatus 100 is determined as being in a state

of being placed horizontally to the real object obj_r. Therefore, both the range Rl and

the range R2 may be ranges around, for example, +/-90(deg). In addition, the range R l

is used in a case where display of a virtual object is the content display, and the range

R2 is used in a case where a virtual object is the related information display. In other

words, the range R2 where the content display is continued to be performed in a state

where the content display has already been performed is greater than the range R l of

being changed to the content display from a state where the related information display

is performed. As such, by giving hysteresis to the selection of a virtual object, it is

possible to prevent reduction in visibility occurring since display of the virtual object is

frequently changed due to vibration of the rotation angle B around a boundary of the

range caused by camera shake or the like.

[0095] 3-3. Example of Process Flow

Next, with reference to FIG. 16, a description will be made of an example of the

process flow performed by the information processing apparatus according to the

present embodiment. FIG. 16 is a flowchart illustrating an example of the process flow

of display target setting processes in the information processing apparatus according to

the third embodiment of the present disclosure.



[0096] FIG. 16 is a flowchart illustrating the display target setting process in the present em

bodiment. The display target setting process described here is a process performed in

step S109 of the image display process similar to that described with reference to FIG.

6. In the shown example, the image pickup unit 102 captures moving images, and thus

the display target setting process may be also performed for the respective images

forming the consecutive frames.

[0097] First, in step S301, the selection unit 110 determines whether or not display of the

virtual object in the previous frame is the content display. As described above, the

content display is display of the virtual object obj_v5 which displays a content of the

real object obj_r when the information processing apparatus 100 is placed horizontally

to the real object obj_r.

[0098] Here, if the display of the virtual object in the previous frame is the content display,

the selection unit 110 sets a range Rl as a range of the rotation angle B used to

determine a continuous display target in step S303. On the other hand, if the display of

the virtual object in the previous frame is not the content display, that is, the display is

the related information display, the selection unit 110 sets a range R2 as the range, in

step S305. As described with reference to FIG. 15, the ranges Rl and R2 of the

rotation angle B in the present embodiment has a relationship that R l is larger than Rl.

Thereby, it is possible to select a display target object having hysteresis.

[0099] Next, in step S307, the selection unit 110 determines whether or not the rotation

angle B of the detected obj_r is within the range set in step S303 or step S305.

[0100] Here, if it is determined that the rotation angle B is within the range, that is, the in

formation processing apparatus 100 is placed horizontally to the real object obj_r, the

selection unit 110, in step S309, sets the virtual object in the content display as a

display target. On the other hand, if it is determined that the rotation angle B is not

within the range, that is, the information processing apparatus 100 is placed vertically

to the real object obj_r, the selection unit 110, in step S31 1, sets the virtual object in

the related information display as a display target.

[0101] As above, the display target setting process finishes, and information of the display

target object set here is output to the display control unit 118 by the display target in

formation output unit 114.

[0102] As above, the third embodiment of the present disclosure has been described. In the

third embodiment of the present disclosure, the kind of information displayed by a

virtual object is changed depending on a positional relationship between the real object

reflected in an image and a device capturing the image. Although a rotation angle is

used as the positional relationship in the above-described example, other positional re

lationships may be used. For example, an angle of a real object relative to a device may

be used as the positional relationship. In this case, for example, if a surface of the real



object is viewed nearly from the front side, a content of the real object may be

displayed, and, conversely, if the surface of the real object is viewed obliquely, in

formation related to the content of the real object may be displayed.

[0103] According to the third embodiment of the present disclosure, for example, by

changing a positional relationship between a real object and a device, it is possible to

change the kind of information displayed by a virtual object which is displayed with

regard to the real object. For example, if a positional relationship is intentionally

changed by a user, the user can use the change in a posture of the device as an in

struction operation for changing display content. In addition, for example, if a p o

sitional relationship is unintentionally changed, the user can obtain the different kinds

of information which has not been viewed before.

[0104] 4. Other Embodiments regarding Apparatus Configuration

Subsequently, other embodiments of the present disclosure regarding an apparatus

configuration will be described with reference to FIGS. 17 and 18.

[0105] <Example including Sensor Unit>

FIG. 17 is a block diagram illustrating another example of the functional con

figuration of an information processing apparatus according to an embodiment of the

present disclosure. Referring to FIG. 17, an information processing apparatus 200

includes a sensor unit 222 as well as an image pickup unit 102, an image recognition

unit 104, a model DB 106, a positional relationship detection unit 108, a selection unit

110, an object DB 112, a display target information output unit 114, a message in

formation output unit 116, a display control unit 118, and a display unit 120.

[0106] The sensor unit 222 includes a motion sensor group which measures a motion of the

image pickup unit 102. The motion sensor may be, for example, an acceleration sensor

which measures acceleration of the image pickup unit 102, a gyro sensor which

measures a tilt angle, a geomagnetic sensor which measures the azimuth to which the

image pickup unit 102 is oriented, or the like. In addition, the sensor unit 222 may

include a GPS (Global Positioning System) sensor which receives a GPS signal and

measures latitude, longitude and altitude of the apparatus.

[0107] In the shown example, the positional relationship detection unit 108 detects a p o

sitional relationship between a real object and the information processing apparatus

200 (more specifically, the image pickup unit 102) on the basis of the motion of the

image pickup unit 102 acquired by the sensor unit 222. For example, the positional re

lationship detection unit 108 detects a posture of the information processing apparatus

200 on the basis of information of acceleration or tilt angle of the image pickup unit

102. If there is information of a position of a real object, whether or not the real object

is on a horizontal plane such as the ground, or whether or not the real object is on a

vertical plane such as a wall, it is possible to obtain a positional relationship with the



real object by detecting a posture of the information processing apparatus 200. In

addition, the positional relationship detection unit 108, as shown in the figure, may

detect a positional relationship using information from the sensor unit 222, and may

detect a positional relationship using information from the image recognition unit 104

together.

[0108] <Example of Server on Network>

FIG. 18 is a block diagram illustrating still another example of the functional con

figuration of an information processing apparatus according to an embodiment of the

present disclosure. Referring to FIG. 18, an information processing apparatus 300

includes an image recognition unit 104, a model DB 106, a positional relationship

detection unit 108, a selection unit 110, an object DB 112, a display target information

output unit 114, a message information output unit 116, and a communication unit 324.

[0109] In the shown example, the information processing apparatus 300 does not include the

image pickup unit 102, the display control unit 118, and the display unit 120. The in

formation processing apparatus 300 is, for example, a server installed on a network,

and receives data of an image captured by the image pickup unit of an apparatus which

is a client as an input image via the communication unit 324. In addition, the in

formation processing apparatus 300 transmits information of a display target object

output from the display target information output unit 114 and further information of a

message output from the message information output unit 116, to the client via the

communication unit 324. An image on which a virtual object is superimposed is

generated, and the image is displayed in the display control unit of the terminal

apparatus using the transmitted information.

[0110] As such, the information processing apparatus according to the embodiments of the

present disclosure may not necessarily include the image pickup unit 102 or the display

unit 120, and has various configurations. For example, in the above-described in

formation processing apparatus 300, the display control unit 118 may be provided, and

an image on which a virtual object is superimposed may be generated and transmitted

to the client via the communication unit 324. Further, the information processing

apparatus may not include the image pickup unit 102 but include the display unit 120,

and superimpose a virtual object on an image captured by an external device so as to

be displayed. Furthermore, the information processing apparatus may not include the

image pickup unit 102 but include the display unit 120, and transmit an image where a

virtual object is superposed on a captured image to an external device.

[0111] 5. Supplement

<Hardware Configuration>

Finally, with reference to FIG. 19, a description will be made of a hardware con

figuration of the information processing apparatus 900 capable of realizing the in-



formation processing apparatus according to the embodiments of the present

disclosure. FIG. 19 is a block diagram illustrating a hardware configuration of the in

formation processing apparatus.

[01 12] The information processing device 900 includes a CPU (Central Processing Unit)

901, ROM (Read Only Memory) 903, and RAM (Random Access Memory) 905.

Further, the information processing device 900 may include a host bus 907, a bridge

909, an external bus 9 11, an interface 913, an input device 915, an output device 917, a

storage device 919, a drive 921, a connection port 923, and a communication device

925. The information processing device 900 may include a processing circuit such as

DSP (Digital Signal Processor) in addition to or instead of the CPU 901.

[0113] The CPU 901 functions as an arithmetic processing unit and a control unit, and

controls the entire operation within the information processing device 900 or a part

thereof in accordance with various programs recorded on the ROM 903, the RAM 905,

the storage 919, or the removable recording medium 927. The ROM 903 stores

programs, operation parameters, and the like used by the CPU 901. The RAM 905

temporarily stores programs used in the execution of the CPU 901, parameters that

change as appropriate during the execution, and the like. The CPU 901, the ROM 903,

and the RAM 905 are mutually connected by a host bus 907 constructed from an

internal bus such as a CPU bus. Further, the host bus 907 is connected to the external

bus 911 such as a PCI (Peripheral Component Interconnect/Interface) via the bridge

909.

[01 14] The input device 915 is a device used by a user such as, for example, a mouse, a

keyboard, a touch panel, a button, a switch, or a lever. The input device 915 may be,

for example, a remote control device that uses infrared rays or other radio waves, or an

external connection device 929 such as a portable phone corresponding to the

operation of the information processing device 900. The input device 915 includes an

input control circuit that generates an input signal based on information input by a user

and outputs the input signal to the CPU 901. The user can, by operating the input

device 915, input various data to the information processing device 900 or instruct the

information processing device 900 to perform a processing operation.

[0115] The output device 917 includes a device that can visually or audibly inform a user of

the acquired information. The output device 917 can be, for example, a display device

such as an LCD (liquid crystal display), a PDP (Plasma Display Panel,) an organic EL

(Electro-Luminescence) display; an audio output device such as a speaker or

headphones; or a printer device. The output device 917 outputs the result obtained

through the processing of the information processing device 900 as text or video such

as an image or as sound such as voice or audio.

[0116] The storage device 919 is a device for storing data, constructed as an example of a



storage unit of the information processing device 900. The storage device 919 includes,

for example, a magnetic storage device such as HDD (Hard Disk Drive), a semi

conductor storage device, an optical storage device, or a magneto-optical storage

device. This storage device 929 includes, for example, programs or various data

executed by the CPU 901 or various data acquired from the outside.

[0117] The drive 921 is a reader/writer for a removable recording medium 927 such as a

magnetic disk, an optical disc, a magneto-optical disk, or semiconductor memory, and

is incorporated in or externally attached to the information processing device 900. The

drive 921 reads information recorded on a removable recording medium 927 that is

mounted, and outputs the information to the RAM 905. The drive 921 also writes in

formation to the removable recording medium 927 that is mounted.

[0118] The connection port 923 is a port for directly connecting a device to the information

processing device 900. The connection port 923 can be, for example, a USB (Universal

Serial Bus) port, an IEEE 1394 port, or a SCSI (Small Computer System Interface)

port. In addition, the connection port 923 may be an RS-232 port, an optical audio

terminal, or a HDMI (High-Definition Multimedia Interface) port. When the external

connection device 929 is connected to the connection port 923, the information

processing device 900 and the external connection device 929 can exchange various

data.

[01 19] The communication device 925 is, for example, a communication interface including

a communication device or the like for connection to a communications network 931.

The communication device 925 can be, for example, a wired or wireless LAN (Local

Area Network) or a communication card for Bluetooth (registered trademark) or

WUSB (Wireless USB). Alternatively, the communication device 925 may be a router

for optical communication, a router for ADSL (Asymmetric Digital Subscriber Line),

or a modem for various communication. The communication device 925 transmits or

receives signals or the like via the Internet or to/from other communication devices, for

example, using a predetermined protocol such as TCP/IP. In addition, the commu

nications network 931 connected to the communication device 925 is a network

connected by wire or wirelessly, and is, for example, the Internet, a home LAN,

infrared communication, radio wave communication, or satellite communication.

[0120] The image pickup device 933 is, for example, an apparatus which captures a real

world and generates a captured image by using image sensor such as CCD (Charge

Coupled Device) or CMOS (Complementary Metal Oxide Semiconductor) and various

components such as lens for picking up a subject image to the image sensor. The image

device 933 may be configured to pick up still images or moving images.

[0121] The sensor 935 may be various types of sensors such as an acceleration sensor, a

gyro sensor, a geomagnetic sensor, an optical sensor, and an acoustic sensor. The



sensor 935 acquires information related to the state of an information processing

apparatus 900 such as the shape of housing of the information processing apparatus

900 and information related to surrounding environment of the information processing

apparatus 900 such as brightness or noise in surroundings of the information

processing apparatus 900. Moreover, the sensor 935 may include a GPS (Global Po

sitioning System) sensor which receives a GPS signal and measures latitude, longitude

and altitude of the apparatus.

[0122] An example of the hardware configuration of the information processing apparatus

900 has been described. The respective components described above may be

configured using general purpose elements, and may be configured by hardware spe

cialized to the function of the respective components. Such configurations can be ap

propriately changed according to the technical level at the time of implementing the

present embodiments.

[0123] Although preferred embodiments of the present disclosure are described in detail

above with reference to the appended drawings, the 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.

[0124] Additionally, the following configurations are also within the technical scope of the

present disclosure.

(1) An apparatus including:

an image processor configured to

receive a video including an object,

determine a positional relationship between the apparatus and the object,

change a positional relationship between an image superimposed on the video and

the object when the positional relationship between the apparatus and the object

changes.

(2) The apparatus according to (1), wherein the image processor determines an angle

between a direction of the object and a direction of the apparatus and changes the p o

sitional relationship between the image superimposed on the video and the object

based on the angle.

(3) The apparatus according to (2), wherein the image processor determines that the

positional relationship between the image superimposed on the video and the object is

a front view relationship when the angle is below a first threshold angle.

(4) The apparatus according to (3), wherein the image processor changes the p o

sitional relationship between the image superimposed on the video and the object from

the front view relationship to an oblique view relationship when the angle exceeds the



first threshold angle.

(5) The apparatus according to (4), wherein the image processor changes the positional

relationship between the image superimposed on the video and the object from the

oblique relationship to the front view relationship when the angle drops below a

second threshold angle.

(6) The apparatus according to (5), wherein the second threshold angle is lower than

the first threshold angle.

(7) The apparatus according to (4), wherein the image processor superimposes the

image on the video in a plane of the object for the front view relationship and su

perimposes the image on the video above the object for the oblique view relationship.

(8) The apparatus according to (1) to (7), wherein the image processor superimposes a

text message on the video with the image.

(9) The apparatus according to (8), wherein the image processor superimposes a text

message on the video with the image when the image is modified to fit on a display

screen.

(10) The apparatus according to (9), wherein the image processor superimposes a text

message providing instructions to eliminate modification of the image to fit on the

display screen.

(11) The apparatus according to (1), wherein the image processor determines a

distance between the object and the apparatus and changes the positional relationship

between the image superimposed on the video and the object based on the distance.

(12) The apparatus according to ( 11), wherein the image processor changes the image

superimposed on the video based on the distance.

(13) The apparatus according to (12), wherein the image processor changes the image

superimposed on the video based on the distance such that additional detail is

displayed when the distance is less than a first threshold distance.

(14) The apparatus according to (13), wherein the image processor changes the image

superimposed on the video based on the distance such that additional detail is removed

when the distance exceeds a second threshold distance.

(15) The apparatus according to (14), wherein the second threshold distance is shorter

than the first threshold distance.

(16) The apparatus according to (1) to (15), further comprising:

a receiver configured to receive the image from an external device.

(17) The apparatus according to (1) to (16), further comprising:

a display configured to display the image superimposed on the video.

(18) The apparatus according to (1) to (17), further comprising:

a sensor configured measure positional information of the apparatus.

(19) A method including:



receiving a video including an object,

determining a positional relationship between the apparatus and the object,

changing a positional relationship between an image superimposed on the video and

the object when the positional relationship between the apparatus and the object

changes.

(20) A non-transitory computer readable medium encoded with a program that, when

loaded on a processor, causes the processor to perform a method including:

receiving a video including an object,

determining a positional relationship between the apparatus and the object,

changing a positional relationship between an image superimposed on the video and

the object when the positional relationship between the apparatus and the object

changes.

Reference Signs List
100, 200, 300 Information processing apparatus

102 Image pickup unit

104 Image recognition unit

108 Positional relationship detection unit

110 Selection unit

114 Display target information output unit

116 Message information output unit

118 Display control unit

120 Display unit

222 Sensor unit

324 Communication unit

obj_r Real object

obj_v Virtual object
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Claims
An apparatus comprising:

an image processor configured to

receive a video including an object,

determine a positional relationship between the apparatus and the

object,

change a positional relationship between an image superimposed on the

video and the object when the positional relationship between the

apparatus and the object changes.

The apparatus according to claim 1, wherein the image processor de

termines an angle between a direction of the object and a direction of

the apparatus and changes the positional relationship between the

image superimposed on the video and the object based on the angle.

The apparatus according to claim 2, wherein the image processor de

termines that the positional relationship between the image su

perimposed on the video and the object is a front view relationship

when the angle is below a first threshold angle.

The apparatus according to claim 3, wherein the image processor

changes the positional relationship between the image superimposed on

the video and the object from the front view relationship to an oblique

view relationship when the angle exceeds the first threshold angle.

The apparatus according to claim 4, wherein the image processor

changes the positional relationship between the image superimposed on

the video and the object from the oblique relationship to the front view

relationship when the angle drops below a second threshold angle.

The apparatus according to claim 5, wherein the second threshold angle

is lower than the first threshold angle.

The apparatus according to claim 4, wherein the image processor su

perimposes the image on the video in a plane of the object for the front

view relationship and superimposes the image on the video above the

object for the oblique view relationship.

The apparatus according to claim 1, wherein the image processor su

perimposes a text message on the video with the image.

The apparatus according to claim 8, wherein the image processor su

perimposes a text message on the video with the image when the image

is modified to fit on a display screen.

The apparatus according to claim 9, wherein the image processor su-
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perimposes a text message providing instructions to eliminate modi

fication of the image to fit on the display screen.

The apparatus according to claim 1, wherein the image processor de

termines a distance between the object and the apparatus and changes

the positional relationship between the image superimposed on the

video and the object based on the distance.

The apparatus according to claim 11, wherein the image processor

changes the image superimposed on the video based on the distance.

The apparatus according to claim 12, wherein the image processor

changes the image superimposed on the video based on the distance

such that additional detail is displayed when the distance is less than a

first threshold distance.

The apparatus according to claim 13, wherein the image processor

changes the image superimposed on the video based on the distance

such that additional detail is removed when the distance exceeds a

second threshold distance.

The apparatus according to claim 14, wherein the second threshold

distance is shorter than the first threshold distance.

The apparatus according to claim 1, further comprising:

a receiver configured to receive the image from an external device.

The apparatus according to claim 1, further comprising:

a display configured to display the image superimposed on the video.

The apparatus according to claim 1, further comprising:

a sensor configured measure positional information of the apparatus.

A method comprising:

receiving a video including an object,

determining a positional relationship between the apparatus and the

object,

changing a positional relationship between an image superimposed on

the video and the object when the positional relationship between the

apparatus and the object changes.

A non-transitory computer readable medium encoded with a program

that, when loaded on a processor, causes the processor to perform a

method comprising:

receiving a video including an object,

determining a positional relationship between the apparatus and the

object,

changing a positional relationship between an image superimposed on
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the video and the object when the positional relationship between the

apparatus and the object changes.
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