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(57) Abstract: An information processing apparatus and method acquires an image, performs an image recognition process on the
acquired image to recognize a physical object in that image, and then generates a virtual image based on the results of the image re -
cognition process. The virtual image includes a virtual object positioned relative to the physical object that was recognized in the ac-
quired image. A display then displays the virtual image, and a projector projects at least part of the virtual image. The apparatus and
method also include modes in which the display displays the virtual image, but the projector does not project the virtual image,
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virtual image and the projector projects the virtual image.
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Description

Title of Invention: IMAGE PROCESSING APPARATUS,
PROJECTION CONTROL METHOD, AND PROGRAM WITH
PROJECTION OF A VIRTUAL IMAGE

Technical Field

(Cross-Reference to Related Applications)

The present disclosure contains subject matter related to that disclosed in Japanese
Priority Patent Application JP 2012-106724 filed in the Japan Patent Office on May 8,
2012, the entire content of which is hereby incorporated by reference.

The present disclosure relates to an image processing apparatus, a projection control

method, and a program.

Background Art

In recent years, attention has been focused on a technology called augmented reality
(AR) that presents additional information to the user by overlaying such content onto a
real space. The information presented to the user by AR technology may be visualized
using virtual objects in a variety of forms, such as text, icons, and animations. The
virtual objects are laid out in an AR space in accordance with the positions of as-
sociated real objects. Virtual objects are normally displayed on a screen such as the
display of a mobile terminal, a head-mounted display, or an eyeglasses-type display.
However, such displays are usually designed with a premise of being viewed by a
single user. This means that is difficult for a third party to know what AR content is
being provided to a user.

However, terminals with projection apparatuses (or so-called "projectors") capable of
projecting images onto a real space are also being developed (see for example PTL 1
listed below). If AR content is projected using a projection apparatus, it is possible for

a third party to know what AR content is being provided.
Citation List

Patent Literature
PTL 1: JP 2011-193243A
Summary
Technical Problem

However, if AR content is merely projected onto some type of projection surface in a
real space, the projected virtual objects will simply appear on a projection surface that
has no direct relationship to the real objects to which such virtual objects are as-
sociated. In such case, a third party is not provided with a sense of "augmented
reality", that is, an expanded version of the real world. Accordingly, instead of simply

projecting the same AR content as AR content for display output, it would be desirable
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to provide a framework capable of controlling the projection of AR content in ac-
cordance with the characteristics of augmented reality.
Solution to Problem

An information processing apparatus including an image pickup unit configured to
acquire an image, and a processor configured to perform an image recognition process
on the image acquired by the image pickup unit to recognize a physical object in the
image and to generate a virtual image including a virtual object positioned relative to
the physical object recognized in the image. The information processing apparatus also
includes a display unit configured to display the virtual image, and a projection unit
configured to project at least a portion of the virtual image.

An information processing method includes acquiring an image in an image pickup
unit; performing, in a processor, an image recognition process on the image acquired to
recognize a physical object in the image; generating, in the processor, a virtual image
including a virtual object positioned relative to the physical object recognized in the
image; displaying the virtual image in a display unit; and projecting at least a portion
of the virtual image by a projection unit.

A non-transitory computer-readable medium storing computer readable instructions
thereon that when executed by a computer cause the computer to perform a method
including acquiring an image; performing an image recognition process on the image
acquired to recognize a physical object in the image; generating a virtual image
including a virtual object positioned relative to the physical object recognized in the
image; displaying the virtual image; and projecting at least a portion of the virtual
image.

An information processing system includes a plurality of information processing
devices, each including an image pickup unit configured to acquire an image; a
processor configured to perform an image recognition process on the image acquired
by the image pickup unit to recognize a physical object in the image, and generate a
virtual image including a virtual object positioned relative to the physical object
recognized in the image, a display unit configured to display the virtual image under
control of the processor, and a projection unit configured to project at least a portion of
the virtual image under control of the processor, wherein one of the plurality of in-
formation processing devices determines an interest level in the physical object based
on a light intensity of virtual images projected by other information processing devices
Advantageous Effects of Invention

According to the above embodiments of the present disclosure, it is possible to
control the projection of AR content in accordance with the characteristics of

augmented reality.
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Brief Description of Drawings

[fig.1]Fig. 1 is a diagram useful in explaining projection of AR content according to a
known method.

[fig.2]Fig. 2 is a diagram useful in explaining an overview of an image processing
apparatus according to an embodiment of the present disclosure.

[fig.3]Fig. 3 is a block diagram showing one example of the hardware configuration of
the image processing apparatus according to the present embodiment.

[fig.4]Fig. 4 is a diagram useful in explaining an example of a physical layout of an
image pickup unit and a projection unit.

[fig.5]Fig. 5 is a block diagram showing one example of a configuration of logical
functions of the image processing apparatus according to the present embodiment.
[fig.6]Fig. 6 is a diagram useful in explaining one example of the data structure of a
content DB.

[fig.7A]Fig. 7A is a diagram useful in explaining a first example of a display mode.
[fig.7B]Fig. 7B is a diagram useful in explaining a second example of the display
mode.

[fig.7C]Fig. 7C is a diagram useful in explaining a third example of the display mode.
[fig.8]Fig. 8 is a diagram useful in explaining control of a virtual object in accordance
with projection resolution.

[fig.9A]Fig. 9A is a diagram useful in explaining a first example of control of virtual
objects to prevent a drop in recognition precision.

[fig.9B]Fig. 9B is a diagram useful in explaining a second example of control of virtual
objects to prevent a drop in recognition precision.

[fig. 10A]Fig. 10A is a diagram useful in explaining a first example of control of virtual
objects in accordance with a privacy level indicated by the user.

[fig. 10B]Fig. 10B is a diagram useful in explaining a second example of control of
virtual objects in accordance with a privacy level indicated by the user.

[fig.11A]Fig. 11A is a diagram useful in explaining a first example of a situation where
the projection state may become inappropriate.

[fig.11B]Fig. 11B is a diagram useful in explaining control for maintaining the
projection state in the situation in Fig. 11A.

[fig. 12A]Fig. 12A is a diagram useful in explaining a second example of a situation
where the projection state may become inappropriate.

[fig.12B]Fig. 12B is a diagram useful in explaining control for maintaining the
projection state in the situation in Fig. 12A.

[fig.13]Fig. 13 is a diagram useful in explaining one example of a user interface that

may be provided in order to utilize the projection control parameters.
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[fig.14]Fig. 14 is a flowchart showing one example of the overall flow of processing
according to the present embodiment.
[fig.15]Fig. 15 is a flowchart showing one example of the detailed flow of the
projection control process shown in Fig. 14.
[fig.16]Fig. 16 is a flowchart showing one example of the detailed flow of the
projected object control process shown in Fig. 15.
[fig.17]Fig. 17 is a diagram useful in explaining one example of an AR application that
may be realized by applying the technology according to an embodiment of the present
disclosure.
Description of Embodiments

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.

The following description is given in the order indicated below.

1. Overview

2. Configuration of Apparatus According to an Embodiment

2-1. Hardware Configuration

2-2. Transformation of Coordinates for Projector Output

2-3. Functional Configuration

2-4. Various Display Modes

2-5. Control of Projected Virtual Objects

2-6. Utilization of Projection Control Parameters

3. Flow of Processing

3-1. Overall Flow

3-2. Projection Control Process

3-3. Projected Object Control Process

4. Example Application

5. Conclusion

1. Overview

First, an overview of the technology according to an embodiment of the present
disclosure will be described with reference to Figs. 1 and 2.

Fig. 1 is a diagram useful in explaining projection of AR content according to an
existing method. In Fig. 1, an image processing apparatus 10 held by a user Ua is
shown. The image processing apparatus 10 includes a display unit 11 displaying an

image, an image pickup unit (not shown) that is provided for example on a rear surface
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of the display unit 11 and picks up images of a real space 20, and a projection unit 13
that projects images. In the example in Fig. 1, a table 21 that is a real object is present
in the real space 20. A control unit (not shown) of the image processing apparatus 10
receives the picked up images as input images and has an augmented reality (AR) ap-
plication carried out. The display unit 11 displays images on which virtual objects have
been overlaid by the AR application. In the example in Fig. 1, an image ImO1 is
displayed with a virtual object V1 being overlaid on the image ImO1 just as if such
virtual object V1 were actually present on the table 21. The projection unit 13 projects
such image ImO1 onto a projection surface in the real space (as examples, a wall
surface, a floor surface, or the surface of a real object). In the example in Fig. 1, the
image ImO1 is projected onto a wall surface.

By looking at the projected image ImO1, a third party, that is, a person aside from the
user Ua, can know what AR content is being provided to the user Ua. However, the
virtual object V1 in the image ImO01 is not present on the table 21 in the real space 20.
Accordingly, the third party is not provided with a sense of "augmented reality", that
is, an expanded version of the real world.

Fig. 2 is a diagram useful in explaining an overview of the image processing
apparatus 100 according to an embodiment of the present disclosure. Fig. 2 shows an
image processing apparatus 100 held by the user Ua in the same real space 20 as in
Fig. 1. The image processing apparatus 100 includes an image pickup unit 102, a
display unit 110, and a projection unit 112. A control unit (not shown) of the image
processing apparatus 100 receives images picked up by the image pickup unit 102 as
input images and has an AR application carried out. The display unit 110 displays an
image (for example, an image Im01) in which virtual objects have been overlaid by the
AR application. Instead of the image ImO1 displayed by the display unit 110, the
projection unit 112 projects an image Im02 that has been adapted for projection. In the
example in Fig. 3, the image Im02 representing a virtual object V1 is projected onto a
three-dimensional position on the table 21 that corresponds to the display position of
the virtual object V1 in the AR space.

By looking at the image Im02, the third party can experience a sense of the virtual
object V1 actually being present on the table 21 in the same way as the user Ua. By
doing so, the sharing of augmented reality by the user Ua and the third party is
realized. Also, if a virtual object is projected on the subject of an AR application in a
public place, it will be possible for a third party to know the intention of an action
taken by a user holding up a camera. By doing so, it is possible to prevent a suspicious
expression from being given to a third party or to stimulate the interest of the third
party and encourage the third party to join in the AR application.

The configuration of an apparatus for realizing such projection will be described in
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detail in the next section. Note that the projection of virtual objects for augmented
reality involves a number of specific issues, such as the projection resolution, the
precision of environment recognition, privacy, and the stability of the projection.
Measures for dealing with such issues are also provided by the present disclosure.

In Fig. 2, a mobile terminal is shown as one example of the image processing
apparatus 100. However, the image processing apparatus 100 is not limited to such
example. As other examples, the image processing apparatus 100 may be a PC
(Personal Computer), a PDA (Personal Digital Assistant), a smartphone, a game
terminal, a PND (Portable Navigation Device), a content player, or a digital home
appliance. Also, instead of running on the terminal operated by the user, the AR ap-
plication may run on another apparatus (such as an application server) that is capable
of communicating with the terminal.

2. Configuration of Apparatus According to an Embodiment

2-1. Hardware Configuration

Fig. 3 is a block diagram showing one example of the hardware configuration of the
image processing apparatus 100 according to an embodiment. As shown in Fig. 3, the
image processing apparatus 100 includes the image pickup unit 102, a sensor unit 104,
an input unit 106, a storage unit 108, a display unit 110, a projection unit 112, a com-
munication unit 114, a bus 116, and a control unit 118.

(1) Image Pickup Unit

The image pickup unit 102 is a camera module that picks up an image. The image
pickup unit 102 picks up images of a real space using an image pickup element such as
a CCD (Charge Coupled Device) or a CMOS (Complementary Metal Oxide Semi-
conductor) to generate a picked-up image. The picked-up images generated by the
image pickup unit 102 are used as input images for image processing performed by the
control unit 118. Note that the image pickup unit 102 does not need to be part of the
image processing apparatus 100. As one example, an image pickup apparatus
connected to the image processing apparatus 100 wirelessly or using wires may be
treated as the image pickup unit 102.

(2) Sensor Unit

The sensor unit 104 may include a variety of sensors such as a positioning sensor (for
example, a GPS (Global Positioning System) module), a geomagnetic sensor, an ac-
celeration sensor, and a gyro sensor. The positioning sensor measures a present
location of a terminal. The geomagnetic sensor measures the present posture
(orientation) of the terminal. Measurement results obtained by the sensor unit 104 may
be used in a variety of applications, such as acquiring data that is specific to a ge-
ographic position, supporting environment recognition, and detecting a user input.

Note that the sensor unit 104 may be omitted from the configuration of the image
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processing apparatus 100.

(3) Input Unit

The input unit 106 is an input device used by the user to operate the image
processing apparatus 100 or to input information into the image processing apparatus
100. As one example, the input unit 106 may include a touch sensor that detects
touches made by the user on the screen of the display unit 110. In place of (or in
addition to) this, the input unit 106 may include a pointing device such as a mouse or a
touch pad. In addition, the input unit 106 may include another type of input device
such as a keyboard, a keypad, a button or buttons, or a switch or switches.

(4) Storage Unit

The storage unit 108 is constructed of a storage medium such as a semiconductor
memory or a hard disk drive and stores programs and data for processing by the image
processing apparatus 100. The data stored by the storage unit 108 may include picked-
up image data, sensor data, and data in a variety of databases (DB), described later.
Note that instead of being stored in the storage unit 108, some of the programs and
data described in the present specification may be acquired from an external data
source (as examples, a data server, network storage, or an external memory).

(5) Display Unit

The display unit 110 is a display module including a display such as an LCD (Liquid
Crystal Display), an OLED (Organic Light-Emitting Diode), or a CRT (Cathode Ray
Tube). As one example, the display unit 110 is used to display an image of AR ap-
plication generated by the image processing apparatus 100. Note that the display unit
110 also does not need to be part of the image processing apparatus 100. As one
example, a display apparatus connected to the image processing apparatus 100
wirelessly or using wires may be treated as the display unit 110.

(6) Projection Unit

The projection unit 112 is a projector module, such as a liquid crystal projector, a
DLP (Digital Light Processing) projector (registered trademark), or an LCOS (Liquid
Crystal On Silicon) projector. The projection unit 112 is used for example to project
virtual objects of an AR application generated by the image processing apparatus 100
onto a projection surface in a real space. Note that the projection unit 112 does not
need to be part of the image processing apparatus 100. As one example, a projection
apparatus connected to the image processing apparatus 100 wirelessly or using wires
may be treated as the projection unit 112.

(7) Communication Unit

The communication unit 114 is a communication interface that serves as a mediator
for communication by the image processing apparatus 100 with other apparatuses. The

communication unit 114 supports an arbitrary wireless communication protocol or
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wired communication protocol and establishes a communication connection with other
apparatuses.

(8) Bus

The bus 116 connects the image pickup unit 102, the sensor unit 104, the input unit
106, the storage unit 108, the display unit 110, the projection unit 112, the commu-
nication unit 114, and the control unit 118 to one another.

(9) Control Unit

The control unit 118 corresponds to a processor such as a CPU (Central Processing
Unit) or a DSP (Digital Signal Processor). By executing a program stored in the
storage unit 108 or another storage medium, the control unit 118 causes the image
processing apparatus 100 to function in a variety of ways as described later.

2-2. Transformation of Coordinates for Projector Output

In the present embodiment, it is assumed that the physical arrangement of the image
pickup unit 102 and the projection unit 112 is calibrated in advance and that the
relative positions and postures of the image pickup unit 102 and the projection unit 112
are known by the image processing apparatus 100. Fig. 4 shows an example of the
physical arrangement of the image pickup unit 102 and the projection unit 112.

As shown in Fig. 4, the lens of the image pickup unit 102 and the lens of the
projection unit 112 are disposed next to one another on a surface of a case of the
terminal. The optical axis of the image pickup unit 102 and the optical axis of the
projection unit 112 are oriented in substantially the same direction. An image pickup
plane IP where a plurality of image pickup elements are disposed is provided behind
the lens of the image pickup unit 102. The position (and posture) of a real object
recognized in an input image by the image processing apparatus 100 are expressed in
two dimensions by a coordinate system U, (u,v) on the image pickup plane and in three
dimensions by a coordinate system X, (X, V., Z.) in the real space. The relationship
between the two-dimensional coordinate system U, and the three-dimensional co-
ordinate system X, is geometrically given in accordance with the so-called "pinhole
model", for example. The AR application decides the three-dimensional layout of
virtual objects based on the positions and postures of the real objects. From the decided
three-dimensional layout, it is possible to generate two-dimensional images of virtual
objects. Here, it should be noted that in physical terms, the projection unit 112 is not
installed at exactly the same position as the image pickup unit 102. Two-dimensional
images generated for output on a display are not appropriate for projection by the
projection unit 112 in their present state. For this reason, the image processing
apparatus 100 uses coordinate transforming parameters T, , and R, , to transform the
layout V. of virtual objects for display output to a layout V, for a projector output. The

coordinate transforming parameters may be a coordinate transforming matrix ex-
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pressing a transformation (translation, rotation and scaling) between the coordinate
system X, (X.,¥.,Z.) that has the image pickup unit 102 as a standard and the coordinate
system X, (X,,¥,,Z,) that has the projection unit 112 as a standard. Default values of the
coordinate transforming parameters are decided in advance in accordance with the
relative positional relationship between the image pickup unit 102 and the projection
unit 112 that has been calibrated, and are stored by the storage unit 108, for example.

Note that like a typical projector module, the projection unit 112 may have a unique
mechanism for adjusting the projection scale (zoom ratio) and the focus position. As
one example, if the projection scale is changed by driving a mechanism of the
projection unit 112, the coordinate transforming parameters are recalculated in ac-
cordance with the change in the projection scale. As described in detail later, the image
processing apparatus 100 may utilize such mechanisms to maintain a favorable
projection state.

2-3. Functional Configuration

Fig. 5 is a block diagram showing one example of a configuration of logical
functions realized by the storage unit 108 and the control unit 118 of the image
processing apparatus 100 shown in Fig. 3. As shown in Fig. 5, the image processing
apparatus 100 includes the image acquiring unit 120, a data acquiring unit 130, an en-
vironment recognizing unit 140, an environment database (DB) 145, an object control
unit 150, a content DB 155, a display control unit 160, a projection control unit 170,
and a user interface unit 180.

(1) Image Acquiring Unit

The image acquiring unit 120 acquires picked-up images generated by the image
pickup unit 102 as input images. The input images acquired by the image acquiring
unit 120 are images in which a real space appears. The input images may be still
images or frames that construct video. The image acquiring unit 120 outputs the
acquired input images to the environment recognizing unit 140 and the display control
unit 160.

(2) Data Acquiring Unit

The data acquiring unit 130 acquires data used for a variety of purposes such as en-
vironment recognition and control of displaying or projection of virtual objects. As one
example, the data acquiring unit 130 may acquire sensor data (for example, position
data and posture data) generated by the sensor unit 104. Also, the data acquiring unit
130 may acquire data relating to real objects present in the vicinity of the present
location of the terminal by enquiring to an external data server using the present
location of the terminal.

(3) Environment Recognizing Unit

The environment recognizing unit 140 recognizes at least one real object shown in
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the input images. The environment recognizing unit 140 may also recognize the
relative positional relationships (positions and postures) between the recognized real
objects and the image pickup unit 102. The environment recognizing unit 140 then
stores the result of environment recognition in the environment DB 145.

As one example, the environment recognizing unit 140 acquires map data in which
identifiers of respective real objects and positions in the real space are associated. The
environment recognizing unit 140 also recognizes the position and posture of the
image pickup unit 102 based on sensor data. By matching the camera angle estimated
from the position and posture of the image pickup unit 102 against the map data, the
environment recognizing unit 140 may recognize where real objects are present in the
camera angle.

As an alternative, the environment recognizing unit 140 may also utilize a more
advanced environment recognition technology. As one example, the environment rec-
ognizing unit 140 acquires model data in which feature amounts of real objects are
written. By matching feature amounts extracted from an input image against the
feature amounts written in the model data, the environment recognizing unit 140 may
recognize what real objects appear where and with what postures in the input image.
As examples, known environment recognition technologies include SURF (see H. Bay,
A. Ess, T. Tuytelaars and L.V. Gool, "Speeded-Up Robust Features (SURF)",
Computer Vision - ECCV, 2006 and SLAM (see Andrew J. Davison, "Real-Time Si-
multaneous Localization and Mapping with a Single Camera", Proceedings of the 9th
IEEE International Conference on Computer Vision Volume 2, 2003, pp.1403-1410).

The environment DB 145 is a database in which the results of environment
recognition by the environment recognizing unit 140 are stored. The results of en-
vironment recognition stored by the environment DB 145 include for example the
relative positions and postures of recognized real objects with the position and posture
of the image pickup unit 102 as a standard. The positions and postures of the real
objects may be expressed by the three-dimensional coordinates X, described with
reference to Fig. 4.

(4) Object Control Unit

The object control unit 150 decides the layout of virtual objects that are used for
augmented reality and are associated with the real objects recognized by the en-
vironment recognizing unit 140 in accordance with the positions and postures of such
real objects. More specifically, as one example the object control unit 150 acquires
data on virtual objects associated with the recognized real objects from the content DB
155. The object control unit 150 also acquires the positions and postures of such real
objects from the environment DB 145. The object control unit 150 then decides the

layout of the virtual objects in accordance with the positions and postures of the real



11

WO 2013/168346 PCT/JP2013/001999

[0043]

[0044]

[0045]

[0046]

objects (in the example in Fig. 2, the virtual object V1 is laid out on the table 21). The
object control unit 150 then outputs the identifiers of the virtual objects to be displayed
and the three-dimensional layout of such objects to the display control unit 160.

The object control unit 150 changes the virtual objects in accordance with the display
mode, as described in detail later. In a given display mode, an image for overlaying
virtual objects is outputted from the display control unit 160 to the display unit 110. In
another display mode, an image for overlaying virtual objects is outputted from the
display control unit 160 to the projection unit 112. When the output destination is the
projection unit 112, for example, the object control unit 150 may select simpler virtual
objects than when the output destination is the image processing apparatus 100 as the
virtual objects to be projected. Meanwhile, if the output destination is the projection
unit 112, the object control unit 150 may adjust at least one display attribute of the
virtual objects in accordance with the projection resolution. Also, if it is determined
that the precision of the recognition process by the environment recognizing unit 140
will decrease due to the projected virtual objects, the object control unit 150 may
adjust at least one display attribute of the virtual objects or may move the positions of
such virtual objects. In addition, the object control unit 150 may change the in-
formation to be shown by the virtual objects in accordance with a privacy level that is
set in advance for the information to be projected or is dynamically set.

The content DB 155 is a database in which data for the virtual objects associated with
the respective real objects is accumulated. Fig. 6 is a diagram useful in explaining one
example of the data structure of the content DB 155. As shown in Fig. 6, the content
DB 155 has six data items, namely a content ID 155a, a category 155b, an associated
object 155c¢, a default arrangement 155d, displayed data 155e, and projected data 155f.

The content ID 155a is an identifier for uniquely identifying each virtual object. The
category 155b shows the type of each virtual object. The associated object 155¢ is an
identifier of a real object associated with each virtual object. One real object may be
associated with a plurality of virtual objects. The default arrangement 155d shows a
default arrangement (the position, posture, and scale relative to the associated real
object).of each virtual object. The displayed data 155e is actual data for display output
of the respective virtual objects. The projected data 1551 is actual data for projector
output of the respective virtual objects. Such data may be written in any format, such
as text format, image format, or a link format for an external data source.

In the example in Fig. 6, although the display output data for the virtual object with
the content ID = "C4" includes text of a review comment for a restaurant, the projector
output data for such virtual object includes only an icon image of a number of star
symbols corresponding to a rating. In this way, by setting the AR content for projector

output with a simpler content than the AR content for display output, it is possible to
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avoid a situation where it is difficult to distinguish the AR content in a projected image
for which a resolution that is normally lower than a display image can only be
expected.

As can be understood from Fig. 6, the projected data 155f can store a plurality of
actual data for one virtual object. Such plurality of data may be data corresponding to
different projection resolutions or to different privacy levels.

The object control unit 150 controls the virtual objects to be displayed or projected
using the content DB 155 with the data structure described above. Note that instead of
storing a plurality of data for one virtual object in advance in a database as in the
example in Fig. 6, the object control unit 150 may dynamically generate other data
from one set of data. The control of virtual objects by the object control unit 150 is
described in more detail later in this specification.

(5) Display Control Unit

In a first display mode, the display control unit 160 outputs an output image for
overlaying virtual objects to the display unit 110 and has such output image displayed
on the screen of the display unit 110. In a second display mode, the display control unit
160 outputs an output image for overlaying virtual objects to the projection unit 112
and has the projection unit 112 project such output image onto a projection surface in
the real space. The display control unit 160 may also support a third display mode
where images are outputted in parallel to the display unit 110 and the projection unit
112. Such display modes that may be supported by the display control unit 160 are
described in detail later with reference to the drawings.

The three-dimensional laying out of virtual objects in the AR space is decided by the
object control unit 150 based on the result of environment recognition and data (for
example, the default arrangement 155d) in the content DB 155. The display control
unit 160 generates two-dimensional image of the virtual objects from the three-
dimensional layout of the virtual object in accordance with a pinhole model, for
example. The output image outputted from the display control unit 160 to the display
unit 110 may be generated by overlaying such two-dimensional image onto the input
image, for example. The display control unit 160 also uses the coordinate transforming
parameters described earlier to transform the layout of the virtual objects for output to
the projection unit 112. The output image outputted from the display control unit 160
to the projection unit 112 may be a two-dimensional image of virtual objects generated
in accordance with the layout after transformation.

(6) Projection Control Unit

The projection control unit 170 controls projection by the projection unit 112 based
on the position or posture of the image pickup unit 102 recognized by the environment

recognizing unit 140. More specifically, the projection control unit 170 controls



13

WO 2013/168346 PCT/JP2013/001999

[0052]

[0053]

[0054]

[0055]

projection so that the projection state is kept at a standard state that can be adjusted by
way of control parameters (hereinafter referred to as "projection control parameters")
that are specific to the projection unit 112. In the following description, it is assumed
that the projection control parameters include the projection scale and focus position
that were described with reference to Fig. 4. Note that the projection control pa-
rameters are not limited to this example and may include other types of parameter,
such as keystone correction and brightness.

Here, the expression "projection state" may include the resolution, size, integrity,
focus state, and the like of the virtual objects on the projection surface.

As one example, if other conditions are fixed, the projection resolution will decrease
as the distance between the projection unit 112 and the real object with the projection
surface increases. For this reason, the projection control unit 170 avoids a decrease in
the projection resolution by reducing the projection scale as the distance described
above increases. Also, as the distance between the projection unit 112 and the real
object with the projection surface decreases, there is the possibility that the virtual
objects will not fit into the projection angle and will be partly missing (that is, integrity
of the virtual objects is lost). For this reason, the projection control unit 170 avoids loss
of parts of the virtual objects by increasing the projection scale as the distance
described above decreases. In either case, by operating in concert with the object
control unit 150, the projection control unit 170 changes the sizes of the virtual objects
relative to the projection angle so that increases and decreases in the actual size (the
projected size) of the virtual objects on the projection surface are cancelled out.

In addition, if, once the focus position has been adjusted so as to sharply project the
virtual objects, the distance between the projection unit 112 and the real object
changes, there is the possibility of focusing errors occurring. For this reason, the
projection control unit 170 controls the focus position so that the focus state of the
projected virtual objects is maintained regardless of variations in the distance described
above.

In the present embodiment, control of projection by the projection control unit 170
includes two phases, namely an adjustment phase and a maintenance phase. In the ad-
justment phase, the projection state does not need to be maintained. Moreover, the
projection control unit 170 changes the projection state in accordance with adjustment
of the projection control parameters by the user. For example, by adjusting the
projection scale via a user interface, the user can enlarge or reduce the projection size
of the virtual objects. Also, by adjusting the focus position via a user interface, the user
can change the focus state of the virtual objects. When a specified user input has been
detected, projection control switches from the adjustment phase to the maintenance

phase. The projection state at the time when such user input is detected is treated as the
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standard state in the maintenance phase. The values of the projection control pa-
rameters at the time when such user input is detected may be held as standard values
for control. In the maintenance phase, the projection control unit 170 controls the
projection scale and the focus position so that the projection state is maintained at the
standard state regardless of variations in the distance between the projection unit 112
and the real object, for example. Note that by using the default values of the projection
control parameters as the standard values for control, it is possible to skip the ad-
justment phase.

The projection control unit 170 sets, in the projection unit 112, the values of the
projection control parameters that are adjusted in this way by the user or are dy-
namically controlled and drives the specific mechanisms of the projection unit 112. By
doing so, the projection state described above is maintained. An example of such
projection control carried out by the projection control unit 170 will be described in
more detail later with reference to the drawings.

(7) User Interface Unit

The user interface unit 180 provides a variety of user interfaces (UI) for an AR ap-
plication to the user. As examples, the Ul provided by the user interface unit 180 may
include a Ul for switching the display mode between a plurality of modes, a UI for
having the user designate a privacy level, a UI for having the user adjust the projection
control parameters, and a UI for having a switch between projection control phases. As
examples, the respective Ul may be graphical user interfaces (GUI) displayed on a
screen or may be touch Ul realized using a touch sensor. The respective Ul may be
physical Ul such as switches, buttons, and the like, or a speech Ul realized by
recognition of spoken commands.

2-4. Various Display Modes

Figs. 7A to 7C show three examples of display modes that may be supported by the
display control unit 160.

The display mode M1 shown in Fig. 7A is a display-only mode. When a mode
switching signal SW indicating the display mode M1 has been inputted, the display
control unit 160 may switch to display-only mode. The mode switching signal SW may
be generated in accordance with a specified user input. In display-only mode, the
display control unit 160 outputs an image for overlaying virtual objects to the display
unit 110 but does not output an image to the projection unit 112.

The display mode M2 shown in Fig. 7B is a dual mode. When a mode switching
signal SW indicating the display mode M2 has been inputted, the display control unit
160 may switch to dual mode. In dual mode, the display control unit 160 outputs an
image for overlaying virtual objects to the display unit 110 and also outputs an image

for overlaying the same virtual objects or different virtual objects to the projection unit



15

WO 2013/168346 PCT/JP2013/001999
112.
[0061]  The display mode M3 shown in Fig. 7C is a projector-only mode. When a mode

[0062]

[0063]

[0064]

[0065]

[0066]

switching signal SW indicating the display mode M3 has been inputted, the display
control unit 160 may switch to projector-only mode. In projector-only mode, the
display control unit 160 outputs an image for overlaying virtual objects to the
projection unit 112 but does not output an image to the display unit 110.

Note that the display modes described above are mere examples of display modes.
That is, additional display modes may also be supported or any of the display modes
described above does not need to be supported.

2-5. Control of Projected Virtual Objects

As described earlier, the object control unit 150 changes the virtual objects to be
displayed or projected in accordance with which of the display unit 110 and the
projection unit 112 is the output destination of images. Note that it is assumed in the
present specification that the expression "changes the virtual objects" includes not only
using different virtual objects in place of given virtual objects but also changing the
layout and/or attributes of given virtual objects or the information shown by such
virtual objects.

(1) Projection of Simple Virtual Objects

As one example, if the output destination is the projection unit 112, the object control
unit 150 may select simpler virtual objects than when the output destination is the
display unit 110 as the virtual objects to be projected. Here, as one example, the ex-
pression "simple virtual objects” may mean indications that simply notify a third party
of a location subject to attention in the AR application (i.e., a location where a virtual
object is to be overlaid on the screen of the display unit 110). As examples, the in-
dications may be frames that surround real objects associated with the virtual objects
or icons that point out such real objects. When such a simple virtual object is projected,
it is possible for a third party to know what real object is subject to attention by the
user of an AR application. In addition, by keeping the details of the AR content secret
from the third party, it is possible to protect the privacy of the user.

(2) Control in Accordance with Projection Resolution

If the output destination is the projection unit 112, the object control unit 150 may
change the projected virtual objects in accordance with the projection resolution.

Fig. 8 is a diagram useful in explaining control of virtual objects in accordance with
the projection resolution. In Fig. 8, the image processing apparatus 100 located at a
position Pry, that is close to a real object 22 and the image processing apparatus 100
located at a position Pry, that is far from the real object 22 are shown. One surface of
the real object 22 is the projection surface for virtual objects. Normally, if the distance

from the projection surface is large, the projection resolution will decrease. In the
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present embodiment, since, in the adjustment phase in particular, the projection scale is
not controlled to maintain the projection resolution, a drop in the projection resolution
is not avoided. If the spatial resolution of the virtual objects as graphics decreases
below the projection resolution, there is the possibility that detailed parts of the
projected virtual objects will be difficult to see (as one example, blurring of text
characters may occur). For this reason, the object control unit 150 calculates the
distance between the real object with the projection surface and the projection unit 112
using the result of environment recognition by the environment recognizing unit 140,
for example, and maintains the projection resolution based on the calculated distance.
Data showing the mapping between such distance and the projection resolution may be
stored in advance. The object control unit 150 then changes the virtual objects to be
projected if the estimated projection resolution decreases below the spatial resolution
of the virtual objects. As one example, the object control unit 150 may lower the
number of polygons in the virtual objects or may replace virtual objects that have
complex graphics with simple icons or the like. In the example in Fig. 8, the virtual
object V2b is projected onto the real object 22 by the image processing apparatus 100
located at the position Prg,. The virtual object V2b has a lower spatial resolution than
the virtual object V2a projected by the image processing apparatus 100 located at the
position Pry; as a result of lowering the number of polygons, for example.

(3) Preventing a Drop in Recognition Precision

If it is determined that the precision of the recognition process carried out by the en-
vironment recognizing unit 140 will decrease due to the projected virtual objects, the
object control unit 150 may adjust at least one display attribute of the virtual objects or
move the positions of such virtual objects. Here, as examples, the display attributes
may include the brightness, color, and contrast of the virtual objects.

Fig. 9A is a diagram useful in explaining a first example of control of virtual objects
to prevent a drop in recognition precision. In Fig. 9A, an image Im31 displayed on the
screen by the display unit 110 and an image Im32 projected by the projection unit 112
are shown. In the image Im31, a virtual object V3a is overlaid on a real object 23. A
virtual object V3b is also overlaid on the real object 23 in the real space by the image
Im32. The brightness of the projected virtual object V3b is lowered below the
brightness of the projected virtual object V3a displayed on the screen. By doing so, it
is possible to prevent a situation where it becomes difficult for the environment rec-
ognizing unit 140 to recognize the real object 23 due to projection light striking the
real object 23. In place of the brightness, the object control unit 150 may lower the
contrast of the projected virtual object or may adjust the color of the virtual object in
accordance with color of the projection surface by carrying out a so-called "color

equalization process".
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Fig. 9B is a diagram useful in explaining a second example of control of virtual
objects to prevent a drop in recognition precision. In the same way as Fig. 9A, Fig. 9B
shows an image Im31 displayed on the screen and an image Im33 projected by the
projection unit 112. Using the image Im33, the virtual object V3c is projected not onto
the real object 23 but a projection surface in the vicinity of the real object 23. That is,
the position of the virtual object V3c is moved from the display position of the virtual
object V3a that is displayed on the screen. In this case, since striking of the real object
23 by the projection light is avoided, it is possible to prevent a situation where it
becomes difficult for the environment recognizing unit 140 to recognize the real object
23. Note that the object control unit 150 may move the position of the virtual object
V3c in accordance with a user input such as a flick or a drag on the screen, for
example.

(4) Control in Accordance With Privacy Level

When the output destination is the projection unit 112, the object control unit 150
may change the virtual objects to be projected in accordance with a privacy level set in
advance for information projected by the projection unit 112 or dynamically set.

Fig. 10A and Fig. 10B show two examples of control of virtual objects in accordance
with a privacy level set by the user. On the left in Fig. 10A, the image processing
apparatus 100 that picks up an image of a real object 24 is shown. The real object 24 is
a calendar. On the screen of the display unit 110, a virtual object V4a is overlaid on the
calendar 24. The virtual object V4a shows detailed information (for example, the
location and participants for a meeting) of a schedule item associated with a date
written on the calendar 24. Meanwhile, the virtual object V4c is projected onto the
calendar 24 in the real space. The virtual object V4c is a simple icon merely informing
the user that a schedule item associated with a date written on the calendar 24 exists.

Here, if a specified user input is detected by the user interface unit 180, for example,
the setting of the privacy level is changed. In the example in Fig. 10A, a pinch out that
is one type of touch gesture is detected. In the present embodiment, a pinch out may
mean a lowering of the privacy level. In accordance with the detection of the pinch out,
the object control unit 150 changes the virtual object V4c to the virtual object V4b.
The virtual object V4b is projected onto the calendar 24 shown on the right in Fig.
10A. The virtual object V4b shows a title (for example, "meeting") of a schedule item
associated with the date written on the calendar 24. As the opposite to the illustrated
operation, the object control unit 150 may raise the privacy level in accordance with
the detection of a pinch in, for example, and change the virtual object V4b to the
virtual object V4c.

On the left in Fig. 10B, the image processing apparatus 100 that picks up an image of

the calendar 24 is shown again. On the screen of the display unit 110, the virtual object
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V4a is overlaid on the calendar 24. Meanwhile, the virtual object V4b is projected onto
the calendar 24 in the real space. At the right end of the screen, a slider U10 which is a
GUT for enabling the user to indicate the privacy level is displayed. If the slider U10 is
dragged downward or tapped by the user, the setting of the privacy level is lowered. In
accordance with this, the object control unit 150 changes the virtual object V4b to the
virtual object V4a. The virtual object V4a that is the same as the object displayed on
the screen is projected onto the calendar 24 shown on the right in Fig. 10B.

By carrying out control in accordance with the privacy level in this way, it becomes
possible for the user of the AR application to flexibly indicate a level for sharing AR
content with third parties from the viewpoint of privacy.

The various control carried out over the projected virtual objects described in this
specification may be used in any combination.

2-6. Utilization of Projection Control Parameters

If the technology according to the present embodiment of the disclosure is realized
using a mobile terminal, the position and posture of the mobile terminal may vary
during operation of the AR application both deliberately on the part of the user and un-
intentionally. So long as the recognition process by the environment recognizing unit
140 operates appropriately, such variation in the position and posture of the terminal
are correctly recognized and a proper display state is maintained for the virtual objects.
However, even if the variation in the position and posture of the terminal are correctly
recognized, under certain conditions the projection state of the virtual objects may
become inappropriate. For this reason, as described earlier, the projection control unit
170 utilizes the projection control parameters that are specific to the projection unit
112 to control projection so as to maintain an appropriate projection state.

Fig. 11A is a diagram useful in explaining a first example of a situation where the
projection state may become inappropriate. On the left in Fig. 11A, the image
processing apparatus 100 that picks up an image of a real object 25 is shown. A virtual
object V5a is projected onto the real object 25. It is assumed that the value of the
projection scale Sc at this time is Sc=sc1. The projection angle PA1 corresponds to
such value of the projection scale. On the right in Fig. 11A, the image processing
apparatus 100 that is positioned further from the real object 25 is shown. The en-
vironment recognizing unit 140 recognizes the change in the distance to the real object
25. In accordance with this change, the object control unit 150 reduces the size of the
virtual object relative to the projection angle PA1. As a result, a virtual object V5b is
projected onto the real object 25. The projection size (i.e., the actual size on the
projection surface) of the virtual object V5b is equal to the projection size of the virtual
object V5a. However, reducing the size of the virtual object relative to the projection

angle can lead to a lower projection resolution. Also, if the virtual object V5b is a
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complex graphic, there is the possibility that detailed parts of such graphic will be
difficult to see (as one example, blurring of text characters may occur). In particular, in
cases where measures such as the switching of virtual objects as described earlier are
not taken, it is preferable to avoid a drop in the projection resolution.

Fig. 11B is a diagram useful in explaining control for maintaining an appropriate
projection state for the situation in Fig. 11A. On the left in Fig. 11B, the situation
where the projection resolution has decreased as shown on the right in Fig. 11A is
shown once more. The distance from the real object 25 to the image processing
apparatus 100 on the right in Fig. 11B is the same as on the left in Fig. 11A. The
projection control unit 170 reduces the value of the projection scale Sc from scl to sc2
in keeping with the increase in the distance acquired based on the result of en-
vironment recognition. In accordance with this, the projection angle PA2 becomes
narrower than the projection angle PA1. The size of the virtual object relative to the
projection angle is enlarged. As a result, a virtual object V5c is projected onto the real
object 25. The projection size of the virtual object V5c is the same as the projection
sizes of the virtual objects V5a and V5b. Since the size of the virtual object relative to
the projection angle is enlarged, the projection resolution is maintained regardless of
the variation in the distance.

Fig. 12A is a diagram useful in explaining a second example of a situation where the
projection state may become inappropriate. On the left in Fig. 12A, the image
processing apparatus 100 that picks up an image of a real object 26 is shown. A virtual
object V6a is projected onto the real object 26. It is assumed that the value of the
projection scale Sc at this time is Sc=sc1. The projection angle PA1 corresponds to
such value of the projection scale. On the right in Fig. 12A, the image processing
apparatus 100 that is positioned closer to the real object 26 is shown. The environment
recognizing unit 140 recognizes the change in the distance to the real object 26. In ac-
cordance with this change, the object control unit 150 increases the size of the virtual
object relative to the projection angle PA1. As a result, a virtual object V6b is
projected onto the real object 26. However, the virtual object V6b does fit within the
projection angle PA1 so that part of the projected virtual object V6b is missing.

Fig. 12B is a diagram useful in explaining control for maintaining an appropriate
projection state for the situation in Fig. 12A. On the left in Fig. 12B, the situation
where part of the virtual object is missing as shown on the right in Fig. 12A is shown
once more. The distance from the real object 26 to the image processing apparatus 100
on the right in Fig. 12B is the same as the distance on the left in Fig. 12B. The
projection control unit 170 increases the value of the projection scale Sc from scl to
sc3 in keeping with the reduction in the distance acquired based on the result of en-

vironment recognition. In keeping with this, the projection angle PA3 becomes wider
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than the projection angle PA1. The size of the virtual object relative to the projection
angle is reduced. As a result, the virtual object Véc is projected onto the real object 26.
The projection size of the virtual object V6c is the same as the projection size of the
virtual object V6a and integrity of the virtual object V6c is maintained (that is, no parts
of the virtual object V6c are missing).

In the maintenance phase, the projection control unit 170 maintains an appropriate
projection state by controlling the projection scale in this way. Here, the expression "ap-
propriate state" typically refers to a standard state decided via adjustments made by the
user in the adjustment phase. Alternatively, a default state stored in advance by the
content DB 155 for example may be used as the standard state.

Fig. 13 is a diagram useful in explaining one example of a user interface that may be
provided in order to utilize the projection control parameters. On the left in Fig. 13, a
slider UI1, a slider UI2, a button UI3, and a button Ul4 displayed on the screen of the
image processing apparatus 100 in the adjustment phase are shown. The slider Ull is a
user interface for adjusting the projection scale Sc. The user is capable of enlarging or
reducing the projection scale Sc by sliding the slider Ul to the left or right. By doing
s0, the projection resolution and projection size of the virtual objects may be changed.
The slider UI2 is a user interface for adjusting a focus position Fc. The user is capable
of moving the focus position Fc in the depth direction by sliding the slider UI2 to the
left or right. By doing so, the sharpness (degree of blurring) of the projected virtual
objects may be changed. The button U13 and the button U14 are both user interfaces
for switching the phase to the maintenance phase. On detecting a touch on the button
U13, the projection control unit 170 stores the values of the projection control pa-
rameters at the time of such detection as standard values and the values of the
projection control parameters are subsequently controlled so that the projection state at
this time (that is, the standard state) is maintained. On detecting a touch on the button
U14, the projection control unit 170 reads the default values of the projection control
parameters from a database and the values of the projection control parameters are sub-
sequently controlled so that the default projection state (that is, the standard state) is
maintained. On the right in Fig. 13, a button U135 displayed on the screen of the image
processing apparatus 100 in the maintenance phase is shown. The button U15 is a user
interface for switching the phase to the adjustment phase.

Note that if, in the adjustment phase, a parameter value that exceeds a tolerated range
is indicated by the user, the user interface unit 180 may display or project a warning
message. Also, if, in the maintenance phase, the terminal is moved to a position where
the projection state is not be able to be maintained, the user interface unit 180 may
display or project a warning message.

The user interfaces shown in Fig. 13 are mere examples. In place of the illustrated
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user interfaces, it is also possible to use a variety of other GUI, touch UI, physical UI,
or audio (speech) UL

[0085] 3. Flow of Processing

Next, the flow of processing according to the present embodiment is described with
reference to Figs. 14 to 16.
[0086] 3-1. Overall Flow
Fig. 14 is a flowchart showing one example of the overall flow of processing
according to the present embodiment.

[0087]  As shown in Fig. 14, the image acquiring unit 120 first acquires a picked-up image
generated by the image pickup unit 102 as an input image (step S10). Next, the en-
vironment recognizing unit 140 recognizes at least one real object shown in the input
image (step S15). The subsequent processing is carried out when recognition of at least
one real object by the environment recognizing unit 140 has succeeded (step S20).

[0088]  If areal object has been recognized, the environment recognizing unit 140 recognizes
the positional relationship (position and posture) of the image pickup unit 102 relative
to the recognized real object (step S30). Next, the object control unit 150 acquires data
on a virtual object associated with the recognized real object from the content DB 155
(step S35). After this, the object control unit 150 lays out the virtual object in the AR
space in accordance with the position and posture of the real object (step S40).

[0089]  The subsequent processing switches depending on the display mode at this time. If
the display mode is display-only mode or dual mode, the processing in step S55 and
S60 is carried out (step S50). In step S55, the display control unit 160 generates an
image for display output by overlaying an image of the virtual object generated in ac-
cordance with a pinhole model, for example onto the input image. The display control
unit 160 then outputs the generated image to the display unit 110 (step S60).

[0090]  If the display mode is dual mode or projector-only mode, the projection control
process in step S75 is carried out (step S70).

[0091]  3-2. Projection Control Process

Fig. 15 is a flowchart showing one example of the detailed flow of the projection
control process carried out in step S70 in Fig. 14.

[0092]  Asshown in Fig. 15, the projection control process first branches depending on the
phase (step S100). In the adjustment phase, the projection control unit 170 acquires the
values of the projection control parameters (for example, the projection scale and the
focus position) to be adjusted via the user interfaces (step S110).

[0093]  Meanwhile, in the maintenance phase, the projection control unit 170 decides the
values of the projection control parameters based on variations in the position and
posture of the projector (step S120). As one example, if the distance from the projector

to the real object has increased after the switch to the maintenance phase, the
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projection control unit 170 reduces the projection scale from the standard value.
Conversely, if the distance from the projector to the real object has decreased after the
switch to the maintenance phase, the projection control unit 170 increases the
projection scale from the standard value. The projection control unit 170 may change
the focus position so that the focus state is maintained regardless of the variation in the
distance described above.

Next, the object control unit 150 recalculates the coordinate transforming parameters
based on the values of the projection control parameters acquired or decided by the
projection control unit 170 (step S130). After this, the object control unit 150 carries
out a projected object control process to change the virtual object that is projected (step
S140).

Next, as described above with reference to Fig. 4, the display control unit 160 uses
the coordinate transforming parameters to transform the three-dimensional layout of
the projected virtual object to a layout for projector output (step S150). After this, the
display control unit 160 generates an image for projector output of the virtual object
from the three-dimensional layout of the virtual object after transformation of the co-
ordinates (step S160).

Next, the projection control unit 170 sets the values of the projection control pa-
rameters acquired in step S110 or decided in step S120 in the projection unit 112 and
drives the specific mechanisms of the projection unit 112 (step S170). The display
control unit 160 then outputs the image for projector output to the projection unit 112
(step S180).

3-3. Projected Object Control Process

Fig. 16 is a flowchart showing one example of the detailed flow of the projected
object control process executed in step S140 in Fig. 15.

As shown in Fig. 16, the object control unit 150 first switches the virtual object to be
projected in accordance with the privacy level that may be indicated as described
earlier with reference to Figs. 10A and 10B for example (step S141).

Next, the object control unit 150 estimates the projection resolution based on the
distance between the real object and the projection unit 112 and the value of the
projection scale supplied from the projection control unit 170 (step S142). If the
estimated projection resolution decreases below the spatial resolution of the virtual
object, the object control unit 150 then adjusts the graphic of the virtual object (step
S143). As one example, the object control unit 150 may lower the number of polygons
in the virtual object.

The object control unit 150 determines the risk of a drop in the precision of the
recognition process carried out by the environment recognizing unit 140 due to the

projected virtual object (step S144). Virtual objects for which there is a large risk of a
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drop in such precision may be defined in advance in the content DB 155. If there is a
high risk of a drop in the precision of the recognition process, the object control unit
150 adjusts display attributes such as the brightness, color, and contrast of the virtual
object or moves the virtual object (step S145).

As aresult of the projection control process in Fig. 15, a virtual object that has been
adapted for projection in this way is projected from the projection unit 112 onto the
projection surface in the real space. After this, the processing returns to step S10 in
Fig. 14 and the same process is repeated for the next input image.

Note that the processing according to the present embodiment described above is
merely one example. It is also possible for a number of the processing steps described
above to be omitted and for other processing steps to be additionally carried out. Also,
a number of the processing steps may be carried out in parallel and/or the processing
order may be changed.

4. Example Application

Fig. 17 is a diagram useful in explaining one example of an AR application that may
be realized by applying the technology according to an embodiment of the present
disclosure.

In Fig. 17, three image processing apparatuses 100a, 100b, and 100c that have the
same configuration as the image processing apparatus 100 described earlier are shown.
The image processing apparatuses 100a, 100b, and 100c are each held by a different
user (not shown). The image pickup units 102 and the projector units 112 of the image
processing apparatuses 100a, 100b, and 100c are pointed toward a menu 27 of a
restaurant present in a real space. The AR application running on the image processing
apparatus 100a places attention on the menu item 28 written on the menu 27 and
projects a virtual object V7a onto the menu item 28. In the same way, the AR ap-
plication that runs on the image processing apparatus 100b also places attention on the
menu item 28 and projects a virtual object V7b onto the menu item 28. The virtual
objects V7a and V7b may be simple indications that give notification of the position of
the real object subject to attention or may be complex graphics. The environment rec-
ognizing unit 140 of the image processing apparatus 100c recognizes the menu item
28. After this, the object control unit 150 of the image processing apparatus 100c de-
termines the interest levels of other users in the menu item 28 based on the intensity of
the projection light projected onto the menu item 28. In the example in Fig. 17, the
object control unit 150 is capable of determining that the menu item 28 has attracted
the interest of two users. The object control unit 150 then changes the virtual object to
be displayed or projected in accordance with the determined interest levels, for
example. In the example in Fig. 17, a virtual object V8 giving the user notification to

pay attention to the menu item 28 is overlaid on the menu item 28 on the screen of the
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[0107]

[0108]

[0109]

[0110]

image processing apparatus 100c.

In this way, by projecting a virtual object of an AR application onto the three-
dimensional position in the real space corresponding to the display position in addition
to displaying the virtual object on the screen, the projection light is fed back to the AR
application via the input images. By using such feedback, it is possible for an AR ap-
plication to provide richer information.

5. Conclusion

This completes the description of various embodiments of the technology according
to the embodiment of the present disclosure with reference to Figs. 1 to 17. According
to the embodiments described above, since virtual objects are projected onto three-
dimensional positions corresponding to the display positions of virtual objects for
producing AR, it is possible to give a sense of augmented reality not only to the user of
the AR application but also to a third party. That is, it is possible to share the sense of
augmented reality between the user and a third party. Also, if the AR application is
used in a public place, it will be possible for a third party to know the intention of an
action taken by a user holding up a camera. By doing so, it is possible to stimulate the
interest of the third party and encourage the third party to join in the AR application.

Also, according to the embodiments described above, since the projection of the
virtual objects is controlled based on the position and posture of the terminal
recognized using the input images, it is possible to maintain an appropriate projection
state for the virtual objects. In particular, by controlling control parameters that are
specific to a projector, such as projection scale, it is possible to effectively prevent
projection problems that are difficult to be avoided with mere adjustment of the virtual
objects on an application level.

The series of control processes carried out by each apparatus described in the present
specification may be realized by software, hardware, or a combination of software and
hardware. Programs that compose such software may be stored in advance for example
on a storage medium provided inside or outside each of the apparatus. As one example,
during execution, such programs are written into RAM (Random Access Memory) and
executed by a processor such as a CPU.

Instead of being implemented in the present apparatus itself, some of the logical
functions of the apparatus may be implemented in an apparatus present in a cloud
computing environment. In such case, the information exchanged between the logical
functions may be transmitted or received between apparatuses via the communication
unit 114 illustrated in Fig. 3.

Although preferred embodiments of the present disclosure are described in detail
above with reference to the appended drawings, the technical scope of the disclosure is

not limited thereto. It should be understood by those skilled in the art that various mod-
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ifications, combinations, sub-combinations and alterations may occur depending on
design requirements and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

Additionally, the present technology may also be configured as below.

(1) An image processing apparatus including:

an image acquiring unit acquiring an input image generated by imaging a real space
using an image pickup apparatus;

a recognizing unit recognizing a real object shown in the input image;

an object control unit deciding a display position of a virtual object for augmented
reality associated with the real object recognized by the recognizing unit in accordance
with a position of the real object; and

a display control unit outputting an output image on which the virtual object is to be
overlaid to a projection apparatus to project the output image onto a three-dimensional
position corresponding to the display position.

(2) The image processing apparatus according to (1),

wherein the display control unit is operable in a first display mode to output the
output image to a display apparatus and is operable in a second display mode to output
the output image to the projection apparatus.

(3) The image processing apparatus according to (2),

wherein the object control unit changes a virtual object to be displayed or projected
in accordance with which of the display apparatus or the projection apparatus is an
output destination of the output image.

(4) The image processing apparatus according to (3),

wherein the object control unit is operable when the output destination of the output
image is the projection apparatus, to set a simpler virtual object than when the output
destination of the output image is the display apparatus as the virtual object to be
projected.

(5) The image processing apparatus according to (3) or (4),

wherein the object control unit is operable when the output destination of the output
image is the projection apparatus, to change the virtual object to be projected in ac-
cordance with a resolution of projection.

(6) The image processing apparatus according to (5),

wherein the object control unit estimates the resolution based on a distance between
the real object and the projection apparatus.

(7) The image processing apparatus according to any one of (3) to (6),

wherein the object control unit is operable when it is determined that a precision of a
process of recognition performed by the recognizing unit decreases due to the virtual

object to be projected, to adjust at least one display attribute of the virtual object to be
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projected.

(8) The image processing apparatus according to any one of (3) to (6),

wherein the object control unit is operable when it is determined that a precision of a
process of recognition performed by the recognizing unit decreases due to the virtual
object to be projected, to move the position of the virtual object to be projected.

(9) The image processing apparatus according to any one of (3) to (8),

wherein the object control unit is operable when the output destination of the output
image is the projection apparatus, to change information shown by the virtual object to
be projected, in accordance with a privacy level which is set in advance or dynamically
indicated.

(10) The image processing apparatus according to (9), further including:

a user interface unit for enabling a user to indicate the privacy level.

(11) The image processing apparatus according to any one of (1) to (10),

wherein the object control unit determines interest levels of one or more users in the
real object based on an intensity of projection light projected on the real object and
changes the virtual object to be displayed or projected in accordance with the de-
termined interest levels.

(12) The image processing apparatus according to any one of (1) to (11),

wherein the image processing apparatus is a mobile terminal further including the
image pickup apparatus and the projection apparatus, and

wherein a relative position and posture between the image pickup apparatus and the
projection apparatus are known to the image processing apparatus.

(13) The image processing apparatus according to any one of (1) to (12),

wherein at least one of the image acquiring unit, the recognizing unit, the object
control unit, or the display control unit is realized by an apparatus present on a cloud
computing environment instead of the image processing apparatus.

(14) A projection control method including:

acquiring an input image generated by imaging a real space using an image pickup
apparatus;

recognizing a real object shown in the input image;

deciding a display position of a virtual object for augmented reality associated with the
real object to be recognized in accordance with a position of the real object; and
outputting an output image on which the virtual object is to be overlaid to a projection
apparatus to project the output image onto a three-dimensional position corresponding
to the display position.

(15) A program for causing a computer controlling an image processing apparatus to
function as:

an image acquiring unit acquiring an input image generated by imaging a real space
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using an image pickup apparatus;

a recognizing unit recognizing a real object shown in the input image;

an object control unit deciding a display position of a virtual object for augmented
reality associated with the real object recognized by the recognizing unit in accordance
with a position of the real object; and

a display control unit outputting an output image on which the virtual object is to be
overlaid to a projection apparatus to project the output image onto a three-dimensional
position corresponding to the display position.

Additionally, the present technology may also be configured as below.

(1) An information processing apparatus including: an image pickup unit configured
to acquire an image; a processor configured to perform an image recognition process
on the image acquired by the image pickup unit to recognize a physical object in the
image, and generate a virtual image including a virtual object positioned relative to the
physical object recognized in the image; a display unit configured to display the virtual
image; and a projection unit configured to project at least a portion of the virtual
image.

(2) The information processing apparatus of (1), wherein in a first mode, the
processor controls the display unit to display the virtual image; and in a second mode,
the processor controls the projection unit to project at least the portion of the virtual
image.

(3) The information processing apparatus of (2), wherein in the first mode, the
processor controls the projection unit to inhibit projection of the virtual image, and in
the second mode, the processor controls the display to inhibit display of the virtual
image.

(4) The information processing apparatus of any one of (1) to (3), wherein in a third
mode, the processor controls the display unit to display the virtual image and controls
the projection unit to project at least the portion of the virtual image.

(5) The information processing apparatus of any one of (1) to (4), wherein a version
of the virtual object projected by the projection unit is projected with lower detail than
a version of the virtual object displayed by the display unit as part of the virtual image.

(6) The information processing apparatus of any one of (1) to (5), wherein a
resolution of the virtual object projected by the projection unit is adjusted based on a
distance between the projection unit and a target of a projected virtual image.

(7) The information processing apparatus of any one of (1) to (6), wherein an
attribute of the virtual object projected by the projection unit is modified based on an
accuracy of the image recognition process.

(8) The information processing apparatus of (7), wherein the attribute of the virtual

object projected by the projection unit is modified to increase the accuracy of the
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image recognition process.

(9) The information processing apparatus of any one of (7) to (8), wherein the attribute
is a position of projection of the virtual object.

(10) The information processing apparatus of (9), wherein the position of projection of
the virtual object is changed to increase the accuracy of the image recognition process.
(11) The information processing apparatus of any one of (9) to (10), wherein the
position of projection of the virtual object is changed based on a user input.

(12) The information processing apparatus of (11), wherein the display includes a
touch screen, and the user input is a gesture on the touch screen.

(13) The information processing apparatus of (12), wherein the gesture includes a flick
or a drag along the touch screen.

(14) The information processing apparatus of any one of (1) to (13), further
comprising: an input unit to receive a user input, wherein the virtual object projected
by the projection unit is changed based on a privacy level received at the input unit.
(15) The information processing apparatus of any one of (1) to (14), wherein the
processor adjusts a projection size and a projection resolution of the virtual object
projected by the projection unit based on a distance from the projection unit to a
projection target.

(16) The information processing apparatus of any one of any one of (1) to (15),
wherein the physical object is recognized in three-dimensional space and the virtual
object is generated at a three-dimensional position relative to the physical object in the
three-dimensional space.

(17) The information processing apparatus of (16), wherein the physical object is a
three-dimensional physical object and the virtual object is a three-dimensional virtual
object.

(18) An information processing system including: a plurality of information processing
devices, each including an image pickup unit configured to acquire an image; a
processor configured to perform an image recognition process on the image acquired
by the image pickup unit to recognize a physical object in the image, and generate a
virtual image including a virtual object positioned relative to the physical object
recognized in the image, a display unit configured to display the virtual image under
control of the processor, and a projection unit configured to project at least a portion of
the virtual image under control of the processor, wherein one of the plurality of in-
formation processing devices determines an interest level in the physical object based
on a light intensity of virtual images projected by other information processing
devices.

(19) An information processing method including: acquiring an image in an image

pickup unit; performing, in a processor, an image recognition process on the image
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acquired to recognize a physical object in the image; generating, in the processor, a
virtual image including a virtual object positioned relative to the physical object
recognized in the image; displaying the virtual image on a display unit; and projecting
at least a portion of the virtual image by a projection unit.
(20) A non-transitory computer-readable medium storing computer readable in-
structions thereon, the computer-readable instructions when executed by a computer
cause the computer to perform a method including: acquiring an image; performing an
image recognition process on the image acquired to recognize a physical object in the
image; generating a virtual image including a virtual object positioned relative to the
physical object recognized in the image; displaying the virtual image; and projecting at
least a portion of the virtual image.
Reference Signs List

100 Image processing apparatus

102 Image pickup unit (image pickup apparatus)

110 Display unit (display apparatus)

112 Projection unit (projection apparatus)

120 Image acquiring unit

140 Environment recognizing unit

150 Object control unit

160 Display control unit

170 Projection control unit

180 User interface unit
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Claims

An information processing apparatus, comprising:

an image pickup unit configured to acquire an image;

a processor configured to

perform an image recognition process on the image acquired by the
image pickup unit to recognize a physical object in the image, and
generate a virtual image including a virtual object positioned relative to
the physical object recognized in the image;

a display unit configured to display the virtual image; and

a projection unit configured to project at least a portion of the virtual
image.

The information processing apparatus according to claim 1, wherein

in a first mode, the processor controls the display unit to display the
virtual image; and

in a second mode, the processor controls the projection unit to project
at least the portion of the virtual image.

The information processing apparatus according to claim 2, wherein

in the first mode, the processor controls the projection unit to inhibit
projection of the virtual image, and

in the second mode, the processor controls the display to inhibit display
of the virtual image.

The information processing apparatus according to claim 3, wherein

in a third mode, the processor controls the display unit to display the
virtual image and controls the projection unit to project at least the
portion of the virtual image.

The information processing apparatus according to claim 1, wherein a
version of the virtual object projected by the projection unit is projected
with lower detail than a version of the virtual object displayed by the
display unit as part of the virtual image.

The information processing apparatus according to claim 1, wherein a
resolution of the virtual object projected by the projection unit is
adjusted based on a distance between the projection unit and a target of
a projected virtual image.

The information processing apparatus according to claim 1, wherein an
attribute of the virtual object projected by the projection unit is
modified based on an accuracy of the image recognition process.

The information processing apparatus according to claim 7, wherein the
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attribute of the virtual object projected by the projection unit is
modified to increase the accuracy of the image recognition process.

The information processing apparatus according to claim 8, wherein the
attribute is a position of projection of the virtual object.

The information processing apparatus according to claim 9, wherein the
position of projection of the virtual object is changed to increase the
accuracy of the image recognition process.

The information processing apparatus according to claim 9, wherein the
position of projection of the virtual object is changed based on a user
input.

The information processing apparatus according to claim 11, wherein
the display includes a touch screen, and the user input is a gesture on
the touch screen.

The information processing apparatus according to claim 12, wherein
the gesture includes a flick or a drag along the touch screen.

The information processing apparatus according to claim 1, further
comprising:

an input unit to receive a user input,

wherein the virtual object projected by the projection unit is changed
based on a privacy level received at the input unit.

The information processing apparatus according to claim 1, wherein the
processor adjusts a projection size and a projection resolution of the
virtual object projected by the projection unit based on a distance from
the projection unit to a projection target.

The information processing apparatus according to claim 1, wherein the
physical object is recognized in three-dimensional space and the virtual
object is generated at a three-dimensional position relative to the
physical object in the three-dimensional space.

The information processing apparatus according to claim 16, wherein
the physical object is a three-dimensional physical object and the
virtual object is a three-dimensional virtual object.

An information processing system, comprising:

a plurality of information processing devices, each including

an image pickup unit configured to acquire an image;

a processor configured to

perform an image recognition process on the image acquired by the
image pickup unit to recognize a physical object in the image, and

generate a virtual image including a virtual object positioned relative to
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the physical object recognized in the image,

a display unit configured to display the virtual image under control of
the processor, and

a projection unit configured to project at least a portion of the virtual
image under control of the processor,

wherein one of the plurality of information processing devices de-
termines an interest level in the physical object based on a light
intensity of virtual images projected by other information processing
devices.

An information processing method, comprising:

acquiring an image in an image pickup unit;

performing, in a processor, an image recognition process on the image
acquired to recognize a physical object in the image;

generating, in the processor, a virtual image including a virtual object
positioned relative to the physical object recognized in the image;
displaying the virtual image on a display unit; and

projecting at least a portion of the virtual image by a projection unit.

A non-transitory computer-readable medium storing computer readable
instructions thereon, the computer-readable instructions when executed
by a computer cause the computer to perform a method comprising:
acquiring an image;

performing an image recognition process on the image acquired to
recognize a physical object in the image;

generating a virtual image including a virtual object positioned relative
to the physical object recognized in the image;

displaying the virtual image; and

projecting at least a portion of the virtual image.
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