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DESCRIPTION 

Title: VIRTUAL SPACE CONNECTION DEVICE 

 

Technical Field 

[0001]    The present technology relates to a technology of a virtual space connection 

device that virtually connects spaces separated from each other. 

 

Background Art 

[0002]    Communication means such as a videophone is known which outputs an 

image captured in one space and sound collected in the one space to another space to 

thereby allow users present in the respective spaces to have a conversation with each other. 

[0003]    PTL 1 discloses a communication device that transmits an image of a user 

picked up by an imaging unit to a communication device of another user as a 

communication partner and that receives an image of the other user which image is 

transmitted from the communication device of the other user, to display the image on a 

display unit. 

 

Citation List 

Patent Literature 

[0004]    PTL 1: Japanese Patent Laid-Open No. 2019-146118  

 

Summary of Invention 

Technical Problems 
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[0005]    In the case of such communication means, it is desired that the users in the 

respective spaces not only simply have a conversation with each other but also 

communicate with each other with a sense of realism by sharing conditions of the mutual 

spaces.  In addition, in order to enhance the senses of realism of the users present in the 

respective spaces, it is important to devise imaging in such a manner that conditions in 

one space can be projected onto the other space without a feeling of strangeness. 

[0006]    It is accordingly an object of the present invention to improve a sense of 

realism by displaying conditions of one space in another space without a feeling of 

strangeness in virtually connecting the spaces separated from each other, and 

consequently realize smooth communication between users present in the mutual spaces. 

 

Solution to Problems 

[0007]    A virtual space connection device according to the present invention is used 

in a system that virtually connects a first space and a second space separated from the 

first space to each other by transmitting a first picked-up image signal obtained by image-

pickup by a first imaging unit in the first space to the second-space side, projecting, by a 

second projector, an image based on the first picked-up image signal received from the 

first-space side onto a second projection target unit having a second camera hole for a 

second imaging unit to pick up an image of the second space at the second-space side, 

transmitting a second picked-up image signal obtained by image-pickup by the second 

imaging unit in the second space to the first-space side, and projecting, by a first projector, 

an image based on the second picked-up image signal received from the second-space 

side onto a first projection target unit having a first camera hole for the first imaging unit 

to pick up an image of the first space at the first-space side. 
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        Thus, because, in each of the first space and the second space, an image of the 

other space is displayed and sound of the other space is output, the first space and the 

second space virtually are connected to each other. 

        Here, a specific output region refers to a region including the first camera hole 

in the first projection target unit. 

[0008]    The virtual space connection device according to the present invention 

described above includes a region setting section configured to set a specific output region 

including the first camera hole in the first projection target unit on the basis of a result of 

picking up an image of the first space by the first imaging unit, a signal processing section 

configured to generate post-processing image data by performing, on the second picked-

up image signal, image signal processing in such a manner that a luminance value of an 

image projected onto the specific output region by the first projector becomes a specific 

value set in advance, and a device control section configured to make the first projector 

perform image projection based on the post-processing image data. 

        Thus, when image projection from the first projector is performed onto the first 

projection target unit, projected light entering the first imaging unit provided in the first 

camera hole from the first projector is reduced. 

        Here, the specific value is, for example, a luminance value at a level at which 

the user visually recognizing the first projection target unit can recognize the specific 

output region to be black. 

        It is to be noted that the specific value is not limited to a luminance value at a 

level at which the specific output region can be recognized to be black, and it is adequate 

that the specific value may be set as a luminance value at a level at which the projected 
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light entering the first lens hole from the first projector does not cause lens flares in the 

image picked up by the first imaging unit. 

[0009]    In the above-described virtual space connection device according to the 

present invention, the region setting section may set the specific output region of the first 

projection target unit on the basis of a comparison between a calculated value based on a 

luminance of a picked-up image in the first picked-up image signal and a predetermined 

threshold value. 

        Thus, the specific output region is set with the brightness of the whole of the 

first space being taken into consideration. 

[0010]    The above-described virtual space connection device according to the present 

invention may include a condition determining section configured to determine 

conditions within the first space on the basis of a result of analysis processing on the first 

picked-up image signal, and the region setting section may set the specific output region 

according to the conditions within the first space determined by the condition determining 

section. 

        Thus, resetting processing of the specific output region is performed according 

to conditions within the first space. 

[0011]    In the above-described virtual space connection device according to the 

present invention, the condition determining section may determine whether or not there 

is a person within the first space on the basis of the result of analysis processing of the 

first picked-up image signal, and the region setting section may set the specific output 

region when it is determined that there is no person within the first space. 

        Thus, the setting of the specific output region is completed before a user enters 

the inside of the first space. 
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Advantageous Effects of Invention 

[0012]    According to the present invention, users present in spaces separated from 

each other can communicate with each other smoothly. 

 

Brief Description of Drawings 

[0013]    FIG. 1 is a diagram illustrating an outline of a virtual space connection device 

in an embodiment of the present invention. 

        FIG. 2 is a diagram schematically illustrating a part of a plan view of a first 

space in the present embodiment. 

        FIG. 3 is a diagram illustrating a configuration of the virtual space connection 

device in the present embodiment. 

        FIG. 4 is a diagram illustrating a functional configuration of the virtual space 

connection device in the present embodiment. 

        FIG. 5 is a diagram illustrating a second space projected onto a first projection 

target unit in a comparative example of the present embodiment. 

        FIG. 6 is a diagram illustrating a second space projected onto a first projection 

target unit in the present embodiment. 

        FIG. 7 is a flowchart illustrating processing of a first control section in the 

present embodiment. 

        FIG. 8 is a first diagram illustrating an example of a projected image for setting 

a specific output region in the present embodiment. 

        FIG. 9 is a second diagram illustrating an example of a projected image for 

setting the specific output region in the present embodiment. 



6 

        FIG. 10 is a third diagram illustrating an example of a projected image for 

setting the specific output region in the present embodiment. 

        FIG. 11 is a fourth diagram illustrating an example of a projected image for 

setting the specific output region in the present embodiment. 

        FIG. 12 is a fifth diagram illustrating an example of a projected image for 

setting the specific output region in the present embodiment. 

 

Description of Embodiment 

[0014]    In an embodiment of the present invention, as an example, a virtual space 

connection device 100 will be described which virtually connects a first space SA and a 

second space SB separated from the first space SA to each other by outputting, to an own 

space as the first space SA or the second space SB, a picked-up image and sound of the 

other space. 

[0015]    The first space SA and the second space SB in the present embodiment are, 

for example, indoor spaces and may represent various combinations such as a room in an 

own house and a room of a relative, a consulting room in a hospital and a room in the 

own house, an office of a company and a room in the own house, and an office of an own 

company and an office of another company.  Thus, the virtual space connection device 

100 according to the present embodiment can virtually connect various spaces to each 

other. 

[0016]    In addition, in the following description, an image signal obtained by imaging 

at the first-space-SA side will be described as a first picked-up image signal, an audio 

signal obtained by collecting sound at the first-space-SA side will be described as a first 

audio signal, an image signal obtained by imaging at the second-space-SB side will be 
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described as a second picked-up image signal, and an audio signal obtained by collecting 

sound at the second-space-SB side will be described as a second audio signal. 

[0017]    In addition, the first-space-SA side and the second space side have common 

configurations.  Hence, a tail end of a reference sign for a configuration at the first-

space-SA side is provided with “A” and a tail end of a configuration at the second-space-

SB side is provided with “B” so as to distinguish the respective configurations from each 

other for convenience. 

[0018]    It is to be noted that respective configurations provided in the drawings to be 

referred to in the description represent only extracted configurations of principal parts 

related to the present invention, and that the configurations provided in the drawings can 

be changed in various manners according to design or the like without departing from the 

scope and spirit of the present invention. 

        In addition, a configuration described once in the following may subsequently 

be denoted by the same reference sign, and description thereof may be omitted.  Further, 

the present invention is not limited to the present embodiment, and modifications, 

improvements, and the like within the scope where the object of the present invention can 

be achieved are included in the present invention. 

[0019]    The embodiment of the present invention will hereinafter be described in the 

following order. 

(1. Outline of Virtual Space Connection Device) 

(2. Configuration of Virtual Space Connection Device) 

(3. Example of Processing of Embodiment) 

(4. Summary) 

(5. Modifications) 



8 

[0020]    (1. Outline of Virtual Space Connection Device) 

        An outline of the virtual space connection device 100 according to the present 

embodiment will be described with reference to FIGS. 1 to 3.  FIG. 1 illustrates an 

example of a state in which the second space SB virtually is connected as viewed from 

the first-space-SA side.  In the following, description will be made of an example in 

which the first space SA and the second space SB are rooms in buildings different from 

each other. 

[0021]    Placed at the first-space-SA side are a first imaging unit 1A, three first 

microphones 21A, a first projector 31A, a first projection target unit 32A, two first 

speakers 41A, and a first arithmetic processing unit 5A not illustrated. 

[0022]    The first projection target unit 32A is, for example, a screen provided on a 

wall surface in the first space SA in such a manner as to spread from a floor surface to a 

ceiling.  The first projection target unit 32A is provided with an infinitesimal first 

camera hole 33A in which the first imaging unit 1A for imaging the first space SA is 

placed.  The first camera hole 33A is, for example, provided at a height around the neck 

of a user U1 in the first space SA (for example, at a height of approximately 145 cm from 

the floor surface) and in a central portion in a width direction of the first projection target 

unit 32A. 

[0023]    It is to be noted that the position at which the first camera hole 33A is provided 

is not limited to the above position, and the first camera hole 33A can be provided at any 

portion of the first projection target unit 32A as long as imaging of the first space SA by 

the first imaging unit 1A is not disrupted.  In addition, in the drawings to be referred to 

in the description of the present embodiment, the first camera hole 33A is illustrated larger 

than actual dimensions for the convenience of description. 
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[0024]    The first imaging unit 1A is, for example, a small digital camera whose 

imaging lens has a width of substantially 2 mm.  The small digital camera is placed in 

such a manner that the imaging lens of the small digital camera is fitted into the first 

camera hole 33A. 

[0025]    By imaging the first space SA from the first-projection-target-unit-32A side 

by the first imaging unit 1A, it is possible to accomplish imaging as if the first space SA 

is viewed from the second-space-SB side.  In addition, by providing the first imaging 

unit 1A at a height around the neck of the user U1, it is possible to image, substantially 

from the front, the user U1 in the first space SA, the user U1 intending to have a 

conversation with a user U2 in the second space SB.  It is thus possible to perform 

imaging as if a line of sight of the user U1 in the first space SA is directed to the user U2 

in the second space SB. 

[0026]    The first projector 31A is, for example, provided at a side of the first 

projection target unit 32A.  Here, the first projector 31A is provided at a right side of the 

first projection target unit 32A as viewed from the user U1.  In addition, the first 

projector 31A is provided at a height around a center in a height direction of the first 

projection target unit 32A. 

        Incidentally, in the following description, an upward direction, a downward 

direction, a leftward direction, and a rightward direction will be described with reference 

to a direction in which the first projection target unit 32A is viewed from the user U1 

illustrated in FIG. 1. 

[0027]    FIG. 2 schematically illustrates a part of a plan view of the first space SA. 

        As illustrated in FIG. 2, the first projector 31A projects an image based on a 

second picked-up image signal at the second-space-SB side from the side of the first 
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projection target unit 32A to the first projection target unit 32A.  Consequently, a state 

of the second-space-SB side is displayed on the first projection target unit 32A at the first-

space-SA side.  Hence, the user U1 present in the first space SA can visually recognize 

conditions at the second-space-SB side in real time. 

        Incidentally, in FIG. 2, projected light from the first projector 31A is 

schematically indicated by alternate long and short dashed lines. 

[0028]    The first speakers 41A are arranged at the respective left and right sides of the 

first projection target unit 32A.  In this case, the first speakers 41A are arranged at the 

left and right sides of the first projection target unit 32A in front as viewed from the user 

U1. 

[0029]    The first speakers 41A output sound based on a second audio signal at the 

second-space-SB side, so that a voice of the user U2 present in the second space SB, 

ambient sound in the second space SB, and the like are output to the first-space-SA side.  

Consequently, the user U1 present in the first space SA can aurally recognize conditions 

in the second space SB in real time. 

[0030]    The first projection target unit 32A and the first speakers 41A thus enable the 

user U1 present in the first space SA to recognize the conditions in the second space SB 

visually and aurally in real time.  The user U1 can thus obtain a feeling as if the second 

space SB is present as an adjacent room. 

[0031]    The first arithmetic processing unit 5A illustrated in FIG. 3 is implemented, 

for example, as a computer device such as a Personal Computer (PC).  The first 

arithmetic processing unit 5A is connected to each of the first imaging unit 1A, the first 

microphones 21A, the first projector 31A, and the first speakers 41A in a wired or wireless 

manner. 
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[0032]    The first picked-up image signal obtained by the image-pickup by the first 

imaging unit 1A is subjected to predetermined processing by the first arithmetic 

processing unit 5A and is then transmitted to a second arithmetic procedure unit 5B at the 

second-space-SB side. 

        Thereafter, a second projector 31B not illustrated in the second space SB 

performs image projection, based on the first picked-up image signal at the first-space-

SA side, onto a second projection target unit 32B not illustrated.  A picked-up image in 

the first space SA is thus displayed at a second-section-SB side.  At this time, a real-size 

image at the first-space-SA side is displayed in order to emphasize a real-time 

communication and a sense of realism as if the communication partner is present very 

near. 

        Thus, the user U2 in the second space SB can also visually recognize conditions 

in the first space SA while being present in the second space SB. 

[0033]    In the first space SA, the three first microphones 21A are arranged on, for 

example, the ceiling of the first space SA in such a manner as to be separated from each 

other. 

        The first audio signal obtained by collecting sound by the first microphones 

21A is subjected to predetermined processing by the first arithmetic processing unit 5A 

and is then transmitted to the second arithmetic procedure unit 5B at the second-space-

SB side.  A second speaker or speakers 41B which are not illustrated but arranged in the 

second space SB output sound based on the first audio signal in the first-space-SA side.  

Thus, the user U2 at the second-space-SB side can also aurally recognize conditions in 

the first space SA while being present in the second space SB. 
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[0034]    As described above, the virtual space connection device 100 according to the 

embodiment of the present invention virtually connects the first space SA and the second 

space SB to each other at all times by mutually and continuously performing the 

processing of outputting the picked-up image signal and the audio signal input in one 

space to the other space. 

[0035]    Thus, the user U1 and the user U2 can obtain a feeling as if the mutual spaces 

are present as rooms adjacent to each other.  In addition, the user U1 in the first space 

SA and the user U2 in the second space SB can recognize the mutual spaces and perform 

communication through conversations, movement, and the like without a feeling of 

strangeness. 

[0036]    Incidentally, the connection at all times in this case means a state in which 

mutual communication of picked-up images and audio signals is performed at all times 

irrespective of the presence or absence of users, and also means connection to a 

communication partner in a state in which a user can talk using sound and an image at 

any time. 

[0037]    (2. Configuration of Virtual Space Connection Device) 

        A configuration of the virtual space connection device 100 according to the 

embodiment of the present invention will be described with reference to FIGS. 1 to 6. 

[0038]    As illustrated in FIG. 3, the virtual space connection device 100 includes the 

first imaging unit 1A, a first audio input unit 2A, a first display unit 3A, a first audio 

output unit 4A, the first arithmetic processing unit 5A as well as a second imaging unit 

1B, a second audio input unit 2B, a second display unit 3B, a second audio output unit 

4B, and the second arithmetic processing unit 5B. 
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[0039]    The first imaging unit 1A is provided in the first space SA.  The first imaging 

unit 1A includes an imaging element configured as, e.g., a Charge Coupled Device (CCD) 

type or a Complementary Metal Oxide Semiconductor (CMOS) type.  The first imaging 

unit 1A performs photoelectric conversion on light received by the imaging element, and 

outputs a result of the photoelectric conversion as the first picked-up image signal to the 

first arithmetic processing unit 5A. 

[0040]    The first audio input unit 2A is provided in the first space SA.  The first 

audio input unit 2A includes a plurality of, for example, three, first microphones 21A (see 

FIG. 1).  The first audio input unit 2A outputs the first audio signal, as an analog signal, 

representing sound collected by each of the first microphones 21A to the first arithmetic 

processing unit 5A. 

[0041]    The first display unit 3A is provided in the first space SA.  The first display 

unit 3A includes, for example, the first projector 31A and the first projection target unit 

32A. 

        The first projector 31A includes a projecting unit formed by an optical lens unit, 

a liquid crystal panel, a light source, and the like.  Under control of a first control section 

54A, the first projector 31A performs image projection based on an image signal received 

from the first arithmetic processing unit 5A onto the first projection target unit 32A by 

the projecting unit.  The image signal is an image signal based on the second picked-up 

image signal in the second space SB, the second picked-up image signal being received 

from the second arithmetic processing unit 5B. 

[0042]    The first projector 31A is implemented by various kinds of projectors, for 

example, a panel type projector that enlarges and projects an image displayed on an image 

forming element such as a Liquid Crystal On Silicon (LCOS) or a Digital Micro mirror 
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Device (DMD), onto a screen by a projection optical system such as a semiconductor 

laser. 

[0043]    The first audio output unit 4A is, for example, the one or plurality of first 

speakers 41A.  The first audio output unit 4A is provided in the first space SA (see FIG. 

1).  The first audio output unit 4A obtains the second audio signal obtained by collecting 

sound in the second space SB from the first arithmetic processing unit 5A that has 

received the second audio signal, and the first audio output unit 4A performs an audio 

output based on the received second audio signal. 

[0044]    The first arithmetic processing unit 5A includes functions of a first image 

signal processing section 51A, a first audio signal processing section 52A, a first 

communicating section 53A, and the first control section 54A. 

[0045]    The first image signal processing section 51A is configured as an image 

processing processor by, for example, a Digital Signal Processor (DSP), a Video Display 

Processor (VDP), or the like.  Under control of the first control section 54A, the first 

image signal processing section 51A performs various kinds of signal processing such as 

Analog/Digital (A/D) conversion processing on the first picked-up image signal as an 

analog signal from the first imaging unit 1A.  In addition, the first image signal 

processing section 51A performs various kinds of signal processing such as luminance 

signal processing, color processing, resolution conversion processing, and codec 

processing on the first picked-up image signal as a digital signal. 

[0046]    The first audio signal processing section 52A is configured as an audio 

processing processor by, for example, a DSP.  Under control of the first control section 

54A, the first audio signal processing section 52A performs various kinds of signal 

processing such as Analog/Digital (A/D) conversion processing on the first audio signal 
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as an analog signal from the first audio input unit 2A.  In addition, the first audio signal 

processing section 52A performs various kinds of signal processing on the first audio 

signal as a digital signal.  For example, the first audio signal processing section 52A 

performs beam forming processing, noise reduction processing, amplification processing, 

attenuation processing, sound quality processing, codec processing, and the like on the 

first audio signal.  The term "the beam forming processing" is processing of controlling 

directivity in a sound collecting direction on the basis of different sound wave 

propagations from a sound source to the respective first microphones 21A. 

[0047]    The first communicating section 53A performs data communication by 

wireless communication via a network NW with the second arithmetic processing unit 

5B in the second space SB under control of the first control section 54A. 

        The first communicating section 53A transmits the first picked-up image signal 

obtained by picking up an image of the first space SA and the first audio signal obtained 

by collecting sound in the first space SA, to the second arithmetic processing unit 5B in 

the second space SB separated from the first space SA.  In addition, the first 

communicating section 53A receives the second picked-up image signal obtained by 

picking up an image of the second space SB and the second audio signal obtained by 

collecting sound in the second space SB, from the second arithmetic processing unit 5B 

in the second space SB. 

[0048]    The first control section 54A is configured as a microcomputer including, for 

example, a Graphics Processing Unit (GPU), a Central Processing Unit (CPU), a Read 

Only Memory (ROM), a Random Access Memory (RAM), and the like. 
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[0049]    As illustrated in FIG. 4, the first control section 54A includes a first region 

setting section 55A, a first signal processing section 56A, a first device control section 

57A, and a first condition determining section 58A. 

[0050]    The first region setting section 55A sets a specific output region AR (part as 

indicated by hatching in FIG. 6 to be described later) including the first camera hole 33A 

in the first projection target unit 32A, on the basis of a result of imaging the first space 

SA by the first imaging unit 1A.  The specific output region AR refers to a region 

including the first camera hole 33A in the first projection target unit 32A. 

[0051]    The first signal processing section 56A generates post-processing image data 

by performing image signal processing on the second picked-up image signal in such a 

manner that a luminance value of an image projected onto the specific output region AR 

by the first projector 31A becomes a specific value set in advance. 

        In the present embodiment, a luminance value at a level at which the user U1 

visually recognizing the first projection target unit 32A can recognize the specific output 

region AR to be black, for example, is set as a predetermined value, and the specific value 

is set to be equal to or less than the predetermined value. 

[0052]    The first device control section 57A performs various kinds of control on the 

first imaging unit 1A, the first audio input unit 2A, the first projector 31A, the first audio 

output unit 4A, the first image signal processing section 51A, the first audio signal 

processing section 52A, and the first communicating section 53A in addition to the 

foregoing. 

[0053]    The first device control section 57A makes the first projector 31A perform 

image projection based on the post-processing image data generated by the first signal 

processing section 56A.  Consequently, the first projector 31A projects the image of the 
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second space SB onto the first projection target unit 32A, and projects, in black, the 

specific output region AR including the first camera hole 33A. 

        Hence, the projected light entering the first imaging unit 1A provided in the 

first camera hole 33A from the first projector 31A is suppressed (reduced). 

[0054]    Here, at the second-space-SB side, similar to the case of FIG. 2, the second 

projector 31B performs image projection from a side of the second projection target unit 

32B to the second projection target unit 32B.  Consequently, a state in the first space SA 

is displayed on the second projection target unit 32B. 

        At this time, because the second imaging unit 1B at the second-space-SB side 

is provided in a second camera hole 33B, projected light from the second projector 31B 

enters the second imaging unit 1B when the inside of the second space SB is imaged. 

[0055]    As a result, due to an adverse effect of diffraction of a lens itself of the second 

imaging unit 1B, repetition of reflection of incident light, and the like, between combined 

lenses, between the lens and a lens barrel, between the lens and an imaging element, or 

on surface wiring of the imaging element, or the like, lens flares LF as illustrated in FIG. 

5 (parts indicated in white in FIG. 5) occur when the picked-up image of the second space 

SB is projected on the first projection target unit 32A at the first-space-SA side.  The 

same is true for a case in which a picked-up image of the first-space-SA side is projected 

on the second projection target unit 32B in the second space SB, though not illustrated. 

[0056]    The occurrence of such lens flares LF causes a feeling of strangeness when 

the user U1 in the first space SA and the user U2 in the second space SB recognize the 

states in the respective spaces.  As a result, a sense of realism realized by the virtual 

space connection device 100 as if the spaces separated from each other are present as 

adjacent rooms is impaired. 
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[0057]    Accordingly, in the present embodiment, the specific output region AR 

including the second camera hole 33B of the second projection target unit 32B is set at 

the second-space-SB side, and the second projector 31B is caused to perform image 

projection in such a manner that the specific output region AR is displayed in black. 

        Thus, as a result of suppressing (reducing) the projected light from the second 

projector 31B, such light entering the second imaging unit 1B provided in the second 

camera hole 33B, the occurrence of the lens flares LF is prevented in the image of the 

second space SB is illustrated in FIG. 6 and displayed on the first-space-SA side. 

[0058]    The same is true for the first-space-SA side.  The specific output region AR 

including the first camera hole 33A is set at the first-space-SA side, and the first projector 

31A is caused to perform image projection in such a manner that the specific output region 

AR is displayed in black.  Thus, the occurrence of the lens flares LF is prevented in the 

image displaying the first space SA, the image being projected on the second-space-SB 

side. 

[0059]    In addition, the first condition determining section 58A performs image 

analysis processing on the first picked-up image signal received from the first imaging 

unit 1A.  The first condition determining section 58A also performs audio analysis 

processing on the first audio signal received from the first audio input unit 2A. 

[0060]    The first condition determining section 58A determines conditions within the 

first space SA on the basis of a result of analysis processing of the first picked-up image 

signal and the first audio signal. 

        Here, the conditions within the space represent, for example, audio conditions 

within the space such as a voice of the user or silence, user conditions within the space 
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such as the presence or absence, head count, position, gesture, and orientation of a user 

or users, brightness within the space, weather conditions, and the like. 

        Incidentally, in determining the conditions in the first space SA, analysis results 

of both the image analysis processing and the audio analysis processing may be used, or 

only either one of the analysis results may be used.  In addition, in a case in which either 

one of the analysis results is used, the other analysis processing may not be performed. 

[0061]    Incidentally, each function of the first control section 54A can be 

accomplished as software processing.  Alternatively, each function of the first control 

section 54A can be accomplished by hardware or a combination of software and hardware.  

For example, the processing of the first signal processing section 56A may be processing 

performed in the first image signal processing section 51A, the image analysis processing 

of the first condition determining section 58A can be processing performed by the first 

image signal processing section 51A, or the audio analysis processing of the first 

condition determining section 58A can be processing performed by the first audio signal 

processing section 52A. 

[0062]    Respective configurations of the second imaging unit 1B, the second audio 

input unit 2B, the second display unit 3B, the second audio output unit 4B, and the second 

arithmetic processing unit 5B are described by mutually replacing, in the description of 

the configurations on the above-described first-space-SA side, the first space SA and the 

second space SB, the first picked-up image signal and the second picked-up image signal, 

the first audio signal and the second audio signal, the first imaging unit 1A and the second 

imaging unit 1B, the first audio input unit 2A and the second audio input unit 2B, the first 

display unit 3A and the second display unit 3B, the first audio output unit 4A and the 

second audio output unit 4B, the first arithmetic processing unit 5A and the second 
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arithmetic processing unit 5B, the first microphones 21A and second microphones 21B, 

the first projector 31A and the second projector 31B, the first projection target unit 32A 

and the second projection target unit 32B, the first camera hole 33A and the second 

camera hole 33B, the first speakers 41A and the second speakers 41B, the first image 

signal processing section 51A and a second image signal processing section 51B, the first 

audio signal processing section 52A and a second audio signal processing section 52B, 

the first communicating section 53A and a second communicating section 53B, and the 

first control section 54A and a second control section 54B. 

        In addition, each functional configuration of the second control section 54B is 

described by mutually replacing the first region setting section 55A and a second region 

setting section 55B, the first signal processing section 56A and a second signal processing 

section 56B, the first device control section 57A and a second device control section 57B, 

and the first condition determining section 58A and a second condition determining 

section 58B. 

        Therefore, description of the configurations at the second-space-SB side will 

be omitted.  In addition, when configurations and processing at the second-space-SB 

side, which are similar to those on the first-space-SA side, are omitted in the following 

description, and replacements will be made as described above. 

The present embodiment is carried out on the basis of the above configurations. 

[0063]    (3. Example of Processing of Embodiment) 

        An example of processing performed by the first control section 54A to carry 

out the present embodiment will be described with reference to FIG. 7.  The first control 

section 54A sets the specific output region AR as illustrated in FIG. 6 by performing 

processing illustrated in FIG. 7, for example. 
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[0064]    First, the first control section 54A in step S101 generates image data having 

such a luminance value that the user visually recognizing a search region BX illustrated 

in FIG. 8 recognizes the search region BX to be black (black projected part is indicated 

by hatching in FIG. 8; the same is true for subsequent figures), and makes the first 

projector 31A perform image projection output based on the generated image data. 

[0065]    Here, the search region BX is a region used to search for the position of the 

first camera hole 33A when the specific output region AR is set.  The search region BX 

is set in advance by a user input or the like as a region including a range in which the first 

camera hole 33A is assumed to be positioned in the first projection target unit 32A. 

[0066]    Next, in step S102, the first control section 54A calculates a flare metric value 

BL of the picked-up image of the first space SA on the basis of the first picked-up image 

signal obtained by the image-pickup by the first imaging unit 1A in a state in which the 

search region BX is projected in black on the first projection target unit 32A. 

[0067]    The flare metric value BL is a value indicating an amount of light incident on 

the first imaging unit 1A, such amount being calculated on the basis of the first picked-

up image signal obtained by the image-pickup by the first imaging unit 1A in a state in 

which the search region BX is projected in black. 

[0068]    The flare metric value BL is calculated as a value indicating an amount of 

light incident on the first imaging unit 1A in a case in which the state in which the search 

region BX including the first camera hole 33A is projected in black is assumed to be a 

state in which the least lens flares LF occur in the image picked up by the first imaging 

unit 1A. 
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[0069]    The flare metric value BL is calculated by an algorithm of [Equation 1] below, 

for example.  The value of “flare_metric(I)” calculated by [Equation 1] in the above-

described state is set as the flare metric value BL. 

        flare_metric(I) = Sum_i(brightness_of_pixel_i*(distance_from_center^E)) ... 

[Equation 1]     

[0070]    Here, an outline of [Equation 1] will be described. 

        In [Equation 1], “brightness_of_pixel_i” denotes the luminance of a pixel 

selected from the picked-up image (such a luminance will hereinafter be described also 

as a selected pixel luminance).  In addition, “distance_from_center” denotes the distance 

of the selected pixel from the center of the picked-up image (such a distance will 

hereinafter be described also as a selected pixel distance).  The luminance in this case is, 

for example, represented by vectors of three elements of red (R), blue (B), and green (G), 

a total value thereof, or the like. 

[0071]    In [Equation 1], a value obtained by performing weighting according to the 

distance from the center of the picked-up image is calculated for the selected pixel by 

multiplying the selected pixel luminance by a value obtained by raising the selected pixel 

distance to the power of a predetermined value E.  Then, the flare metric value BL 

(flare_metric(I)) is calculated by a sum total (denoted by “Sum_i” in [Equation 1]) of 

values obtained by performing weighting, such values being calculated at respective 

pixels of the picked-up image. 

[0072]    Next, in step S103, the first control section 54A generates image data having 

such a luminance value that the user visually recognizing the search region BX illustrated 

in FIG. 9 recognizes the search region BX to be white, and the first control section 54A 
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makes the first projector 31A perform image projection output based on the generated 

image data. 

[0073]    Next, in step S104, the first control section 54A calculates a flare metric value 

WH of the picked-up image of the first space SA on the basis of the first picked-up image 

signal obtained by the image-pickup by the first imaging unit 1A in a state in which the 

search region BX is projected in white on the first projection target unit 32A. 

[0074]    The flare metric value WH is a value indicating an amount of light incident 

on the first imaging unit 1A, such amount being calculated on the basis of the first picked-

up image signal obtained by the imaging by the first imaging unit 1A in a state in which 

the search region BX is projected in white. 

[0075]    The flare metric value WH is calculated as a value indicating an amount of 

light incident on the first imaging unit 1A in a case where the state in which the search 

region BX including the first camera hole 33A is projected in white is assumed to be a 

state in which the most lens flares LF occur in the image picked up by the first imaging 

unit 1A. 

        Incidentally, the flare metric value WH is calculated by the algorithm of 

[Equation 1] described above in the state in which the search region BX is projected in 

white. 

[0076]    Thereafter, the first control section 54A advances the processing to step S105 

and calculates a threshold value th for determining the occurrence of a minute lens flare 

LF in the image picked up by the first imaging unit 1A on the basis of the calculated flare 

metric value BL and the calculated flare metric value WH. 

        Here, supposing that a coefficient by which the flare metric value BL is 

multiplied is “a,” that a coefficient by which the flare metric value WH is multiplied is 
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“b,” and that a sum of the coefficients is “a + b = 1,” the value of the threshold value th 

is calculated by [Equation 2] below. 

        Threshold Value th = a × (Flare Metric Value BL) + b × (Flare Metric Value 

WH) ... [Equation 2] 

[0077]    The first control section 54A determines whether or not a minute lens flare 

LF has occurred in the image picked up by the first imaging unit 1A on the basis of a 

comparison between a flare metric value PR, which is a calculated value based on the 

luminance calculated from the first picked-up image signal obtained by the first imaging 

unit 1A, and the threshold value th. 

        The first control section 54A determines that a minute lens flare LF has 

occurred in the picked-up image when, for example, the calculated flare metric value PR 

becomes equal to or more than the threshold value th. 

[0078]    The first control section 54A makes a setting in [Equation 2] described above 

in such a manner that, for example, the value of the coefficient by which the flare metric 

value BL is multiplied is larger than the value of the coefficient by which the flare metric 

value WH is multiplied, that is, in such a manner that “a > b.”  For example, the 

threshold value th is calculated by a sum of a value obtained by multiplying the flare 

metric value BL by “a = 0.8” and a value obtained by multiplying the flare metric value 

WH by “b = 0.2.” 

[0079]    The sensitivity of detecting the occurrence of a minute lens flare can be 

enhanced by thus increasing a proportion of the flare metric value BL indicating a state 

in which the least lens flares LF occur in the picked-up image (state in which the inside 

of the first space SA is darkest) in the threshold value th. 
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[0080]    When the setting processing of the threshold value th is thus performed on the 

basis of the result of imaging the first space SA, the threshold value th suitable for the 

space of the user U1 in which space the virtual space connection device 100 is used can 

be set flexibly.  Hence, it is possible to improve the accuracy of determining the 

occurrence of a minute lens flare reflecting the conditions in the space in which the virtual 

space connection device 100 is used. 

[0081]    When the setting of the threshold value th is completed, the first control 

section 54A performs processing of setting the specific output region AR on the basis of 

the threshold value th in processing from step S106 on down.  The first control section 

54A sets the specific output region AR by identifying each end side of the specific output 

region AR from the search region BX. 

[0082]    The first control section 54A in the step S106 selects an unset end side among 

an upper end side, a lower end side, a left end side, and a right end side of the search 

region BX.  First, the first control section 54A in the step S106 sets the left end side of 

the search region BX as an end side L0, as illustrated in FIG. 8, for example. 

[0083]    Next, the first control section 54A in step S107 makes the first projector 31A 

perform image projection in such a manner that the search region BX of the first 

projection target unit 32A is displayed in black. 

[0084]    Next, the first control section 54A in step S108 sets a trial region WA as 

illustrated in FIG. 10. 

        The trial region WA is formed as a part of the search region BX.  The trial 

region WA is a region on which image projection is performed in such a manner that the 

region is displayed in white in calculating the flare metric value PR to be described later, 

in the search region BX. 



26 

[0085]    Supposing, for example, that a side parallel with the left end side L0 of the 

search region BX is an end side Ln, the first control section 54A sets, as the trial region 

WA, a region enclosed by the left end side L0 and the end side Ln in the search region 

BX.  Incidentally, “n” is a positive integer. 

        At this time, the end side Ln moves from the left end side L0 to the right end 

side of the search region BX in order of end sides L1, L2, L3, ... each time the flare metric 

value PR is calculated.  For example, letting “n = 1,” the first control section 54A sets, 

as the trial region WA, a region enclosed by the left end side L0 and the end side L1 in 

the search region BX. 

        The first control section 54A makes the first projector 31A perform image 

projection in such a manner that the trial region WA is displayed in white. 

[0086]    At this time, the first control section 54A advances the processing to step S109 

and calculates the flare metric value PR on the basis of the first picked-up image signal 

obtained by the image-pickup by the first imaging unit 1A in a state in which the trial 

region WA is projected in white.  As with the flare metric value BL and the flare metric 

value WH described above, the flare metric value PR is calculated by [Equation 1] 

described above. 

[0087]    The first control section 54A in step S110 determines whether or not the flare 

metric value PR is equal to or more than the threshold value th. 

        When the flare metric value PR is not equal to or more than the threshold value 

th, the first control section 54A determines that no minute lens flare LF has occurred in 

the image picked up by the first imaging unit 1A.  Therefore, the first control section 

54A advances the processing to step S111 without setting the end side Ln as an end side 

of the specific output region AR. 
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[0088]    The first control section 54A in the step S111 moves the end side Ln in a 

rightward direction.  That is, the first control section 54A sets the end side L(n + 1) 

moved in the rightward direction as a new end side Ln.  Here, moving the end side Ln 

to the end side L(n + 1) means moving the end side Ln by, for example, one pixel.  

Incidentally, an amount of movement in this case is not limited to one pixel.  The 

movement may be made at intervals of a plurality of pixels, or the amount of movement 

may differ for each movement. 

[0089]    The first control section 54A thereafter advances the processing from the step 

S111 to the step S107.  The first control section 54A repeatedly performs the processing 

of the steps S107 to S111 until the flare metric value PR becomes equal to or more than 

the threshold value th in the step S110. 

        Thus, a ratio of the trial region WA to the search region BX gradually increases 

in the rightward direction. 

[0090]    Conversely, when the first control section 54A determines in the step S110 

that the flare metric value PR is equal to or more than the threshold value th, the first 

control section 54A determines that a minute lens flare LF has occurred in the image 

picked up by the first imaging unit 1A. 

        This is due to a fact that, as illustrated in FIG. 11, for example, the projected 

light entering the first camera hole 33A gradually increases as a result of the trial region 

WA that is projected in white approaching a left end portion of the first camera hole 33A. 

        At this time, the first control section 54A advances the processing to step S112 

and sets, as a left end side of the specific output region AR, the end side Ln as illustrated 

in FIG. 11 obtained when the occurrence of the minute lens flare LF is detected. 
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[0091]    Then, after setting the left end side of the specific output region AR, the first 

control section 54A returns the processing to the step S106 until all end sides such as a 

right end side, an upper end side, and a lower end side of the specific output region AR 

are set in step S113.  The first control section 54A thereafter repeats the processing of 

the steps S106 to S112. 

[0092]    For example, the first control section 54A advances the processing from the 

step S113 to S106 and selects an unset right end side R0 of the search region BX (see 

FIG. 12). 

        In addition, in the processing of the steps S106 to S112, the first control section 

54A gradually increases the trial region WA enclosed by the right end side R0 and a 

parallel end side Rn on the left side of the right end side R0 until the flare metric value 

PR becomes equal to or more than the threshold value th.  Here, when the flare metric 

value PR becomes equal to or more than the threshold value th, the first control section 

54A sets the end side Rn as the right end side of the specific output region AR. 

        Then, the first control section 54A advances the processing to the step S113. 

[0093]    In addition, the first control section 54A advances the processing from the 

step S113 to S106 again and selects an unset upper end side P0 of the search region BX. 

        In the processing of the steps S106 to S112, the first control section 54A 

gradually increases the trial region WA enclosed by the upper end side P0 and a parallel 

end side Pn on the lower side of the upper end side P0 until the flare metric value PR 

becomes equal to or more than the threshold value th.  Here, when the flare metric value 

PR becomes equal to or more than the threshold value th, the first control section 54A 

sets the end side Pn as the upper end side of the specific output region AR. 

        Then, the first control section 54A advances the processing to the step S113. 
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[0094]    Finally, the first control section 54A advances the processing from the step 

S113 to S106 and selects an unset lower end side D0 of the search region BX. 

        In the processing of the steps S106 to S112, the first control section 54A 

gradually increases the trial region WA enclosed by the lower end side D0 and a parallel 

end side Dn on the upper side of the lower end side D0 until the flare metric value PR 

becomes equal to or more than the threshold value th.  Here, when the flare metric value 

PR becomes equal to or more than the threshold value th, the first control section 54A 

sets the end side Dn as the lower end side of the specific output region AR. 

        Then, the first control section 54A advances the processing to the step S113. 

[0095]    As described above, the first control section 54A sets each end side of the 

specific output region AR by using a so-called linear search. 

        The first control section 54A ends the processing illustrated in FIG. 7 when the 

first control section 54A identifies the position of the specific output region AR in the 

search region BX as illustrated in FIG. 12 by setting all of the end sides of the specific 

output region AR in the step S113. 

        The first control section 54A performs the processing illustrated in FIG. 7 at 

the time of, for example, starting the first arithmetic processing unit 5A in the virtual 

space connection device 100 or in response to an operating input of the user or the like.  

Other execution timings of the processing will be described later. 

[0096]    Incidentally, while a linear search is used as a scheme of setting each end side 

of the specific output region AR in the present embodiment, another scheme, for example, 

a scheme of a binary search can be used. 

        In addition, as an example in this case, the end sides of the specific output 

region AR are set in order of the left end side, the right end side, the upper end side, and 



30 

the lower end side.  However, the order of the setting is not limited to this, and the end 

sides can be set in any order. 

[0097]    In a state in which the specific output region AR is set by the processing of 

FIG. 7, the first control section 54A generates post-processing image data by performing 

image signal processing on the second picked-up image signal in such a manner that the 

luminance value of the image projected onto the specific output region AR by the first 

projector 31A becomes a specific value set in advance. 

        Then, the first control section 54A makes the first projector 31A perform 

projection output to the specific output region AR on the basis of the post-processing 

image data. 

        Consequently, a picked-up image at the second-space-SB side in which the 

specific output region AR is projected in black is displayed on the first projection target 

unit 32A at the first-space-SA side.  By projecting the specific output region AR in black, 

it is possible to reduce the projected light entering the first camera hole 33A from the first 

projector 31A and suppress (reduce) the occurrence of lens flares LF in the image picked 

up by the first imaging unit 1A. 

[0098]    It is to be noted that the specific value in the present embodiment is not limited 

to a luminance value at a level at which the user can recognize the specific output region 

SA to be black, and it suffices to set the specific value as a luminance value at a level at 

which the projected light entering the first camera hole 33A from the first projector 31A 

does not cause lens flares in the image picked up by the first imaging unit 1A.  Hence, 

the specific value may be a luminance value at a level at which the user can recognize the 

specific output region SA to be blue or green, for example. 
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[0099]    Incidentally, the position of the first projector 31A provided within the first 

space SA may be displaced due to vibration of the device itself, an external factor such 

as an earthquake, and the like.  Then, a displacement occurs between the position of the 

currently set specific output region AR and the actual position of the first camera hole 

33A. 

        In such a case, in order to keep suppressing (reducing) the occurrence of lens 

flares LF due to the projected light entering the first camera hole 33A from the first 

projector 31A, it is necessary to reset the specific output region AR on the basis of 

positional relation between the first projector 31A after the positional displacement and 

the first camera hole 33A. 

        Accordingly, the first control section 54A performs the processing of FIG. 7 

according to various kinds of conditions and resets the specific output region AR as 

appropriate. 

[0100]    For example, the first control section 54A can reset the specific output region 

AR periodically, for example, every time a predetermined time such as “50 minutes” or 

“3 hours” has passed or at a predetermined time period such as “11 p.m.” or “4 a.m.” 

[0101]    In addition, when such setting processing of the specific output region AR is 

performed, black-and-white rectangular projections in the search region BX, for example, 

appear during the projection of the image of the second-space-SB side onto the first 

projection target unit 32A, so that a feeling of strangeness may be caused to the user U1 

in the first space SA who views the projected image of the second space SB. 

[0102]    Accordingly, the first control section 54A performs the processing of FIG. 7 

and sets the specific output region AR in a midnight time period in which there is a high 

possibility of the user U1 in the first space SA not communicating with the user U2 in the 
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second space SB, for example.  The setting processing of the specific output region AR 

can be performed without causing a feeling of strangeness to the user U1 by thus 

performing the processing of FIG. 7 in a time period in which the user U1 is assumed not 

to use the virtual space connection device 100. 

[0103]    In addition, the first control section 54A determines the conditions within the 

first space SA on the basis of a result of analysis processing on the first picked-up image 

signal and the first audio signal or the like.  Then, the first control section 54A performs 

the setting processing of the specific output region AR according to the conditions within 

the first space SA. 

        For example, the first control section 54A determines, from the result of 

analysis processing on the first picked-up image signal and the first audio signal, whether 

or not a person is present within the first space SA as the conditions within the first space 

SA.  Then, the first control section 54A sets the specific output region AR when the first 

control section 54A determines that there is no user U1 within the first space SA. 

        Consequently, the setting of the specific output region AR is completed before 

the user U1 enters the inside of the first space SA.  The setting processing of the specific 

output region AR can therefore be performed without causing the user U1 to feel 

strangeness. 

[0104]    The first control section 54A performs image analysis processing based on 

the first picked-up image signal from the first imaging unit 1A, in each frame unit.  The 

first control section 54A detects the user U1 within the first space SA by the image 

analysis processing based on the first picked-up image signal. 
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        The image analysis processing may extract an image of the user U1 by a scheme 

of pattern matching, or may, for example, detect a moving body by a scheme of moving 

body detection based on a frame difference and detect the user U1 from the moving body. 

[0105]    In addition, the first control section 54A performs audio analysis processing 

based on the first audio signal received from the first audio input unit 2A.  The first 

control section 54A obtains audio classification information on a talking voice of the user 

U1, ambient sound within the first space SA, and the like by performing the audio analysis 

processing, and detects the user U1 according to the presence or absence of the talking 

voice of the user U1. 

[0106]    In addition, the first control section 54A can also perform the processing of 

FIG. 7 in a period of one frame in 60 fps in the image projection onto the first space SA.  

Consequently, it becomes difficult for the user U1 to recognize black-and-white 

rectangles in the search region BX projected on the first projection target unit 32A in the 

processing of FIG. 7.  Hence, this also enables the setting processing of the specific 

output region AR to be performed without causing the user U1 to feel strangeness. 

        The processing of the first control section 54A in the present embodiment is 

carried out as described above. 

        Incidentally, in the present embodiment, the second control section 54B also 

performs processing similar to the above-described processing.  Hence, description of 

the processing of the second control section 54B will be omitted. 

[0107]    (4. Summary) 

        The virtual space connection device 100 according to the foregoing 

embodiment is used in a system that virtually connects the first space SA and the second 

space SB separated from the first space SA to each other by transmitting the first picked-
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up image signal obtained by image-pickup by the first imaging unit 1A in the first space 

SA to the second-space-SB side, projecting, by the second projector 31B, an image based 

on the first picked-up image signal received from the first-space-SA side onto the second 

projection target unit 32B having the second camera hole 33B for the second imaging unit 

1B to pick up an image of the second space SB at the second-space-SB side, transmitting 

the second picked-up image signal obtained by image-pickup by the second imaging unit 

1B in the second space SB to the first-space-SA side, and projecting, by the first projector 

31A, an image based on the second picked-up image signal received from the second-

space-SB side onto the first projection target unit 32A having the first camera hole 33A 

for the first imaging unit 1A to pick up an image of the first space SA at the first-space-

SA side (see FIG. 1 and FIG. 3 or the like). 

        Thus, because, in each of the first space SA and the second space SB, an image 

of the other space is displayed and sound of the other space is output, the first space SA 

and the second space SB virtually are connected to each other. 

        Hence, by virtually connecting the spaces separated from each other, the user 

U1 and the user U2 present in respective places separated from each other, such as one 

room in an own house and an office as a workplace, can share the mutual spaces in a 

pseudo manner and communicate with each other. 

[0108]    The virtual space connection device 100 according to the embodiment 

includes a region setting section (the first region setting section 55A or the second region 

setting section 55B) that sets the specific output region AR including the first camera hole 

33A in the first projection target unit 32A on the basis of a result of picking up an image 

of the first space SA by the first imaging unit 1A, a signal processing section (the first 

signal processing section 56A or the second signal processing section 56B) that generates 
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post-processing image data by performing image signal processing on the second picked-

up image signal in such a manner that the luminance value of the image projected onto 

the specific output region AR by the first projector 31A becomes the specific value set in 

advance, and a device control section (the first device control section 57A or the second 

device control section 57B) that makes the first projector 31A perform image projection 

based on the post-processing image data (see FIG. 4 and FIG. 7 or the like). 

        Thus, when image projection from the first projector 31A is performed onto the 

first projection target unit 32A, the projected light entering the first imaging unit 1A 

provided in the first camera hole 33A from the first projector 31A is reduced. 

        Hence, it is possible to suppress (reduce) the occurrence of lens flares LF in the 

picked-up image of the first space SA picked up by the first imaging unit 1A.  The image 

of the first space SA which does not cause the user U2 to feel strangeness can therefore 

be displayed at the second-space-SB side. 

[0109]    In addition, the virtual space connection device 100 includes a region setting 

section (the first region setting section 55A or the second region setting section 55B) that 

sets the specific output region AR including the second camera hole 33B in the second 

projection target unit 32B on the basis of a result of picking up an image of the second 

space SB by the second imaging unit 1B, a signal processing section (the first signal 

processing section 56A or the second signal processing section 56B) that generates post-

processing image data by performing image signal processing on the second picked-up 

image signal in such a manner that the luminance value of the image projected onto the 

specific output region AR by the second projector 31B becomes the specific value set in 

advance, and a device control section (the first device control section 57A or the second 
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device control section 57B) that makes the second projector 31B perform image 

projection based on the post-processing image data (see FIG. 4 and FIG. 7 or the like). 

        Thus, similar to the first-space-SA side, the projected light entering the second 

imaging unit 1B at the second-space-SB side from the second projector 31B is also 

reduced, and the occurrence of lens flares LF in the picked-up image of the second space 

SB picked up by the second imaging unit 1B can be suppressed (reduced).  Hence, the 

image of the second space SB which does not cause the user U1 to feel strangeness can 

similarly be displayed on the first-space-SA side. 

        Consequently, the first space SA and the second space SB separated from each 

other can virtually be connected to each other more naturally, and the users in the 

respective spaces can carry out more realistic smooth communication with each other. 

[0110]    Here, the specific value set in advance is such a value that the luminance value 

in the specific output region AR is equal to or less than a predetermined value.  For 

example, a luminance value at a level at which the user U1 visually recognizing the first 

projection target unit 32A can recognize the specific output region AR to be black is set 

as the predetermined value, and the specific value is set to be equal to or less than the 

predetermined value. 

        Thus, such image projection that the specific output region AR is black is 

performed, and as a result, the occurrence of lens flares LF in the picked-up image can be 

suppressed (reduced). 

[0111]    In the virtual space connection device 100 according to the embodiment, the 

region setting section (the first region setting section 55A or the second region setting 

section 55B) sets the specific output region AR of the first projection target unit 32A on 

the basis of a comparison between a calculated value (flare metric value) based on the 
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luminance of a picked-up image in the first picked-up image signal and a predetermined 

threshold value th (see S110 in FIG. 7 or the like). 

        Thus, the specific output region AR is set in consideration of the brightness of 

the whole of the first space SA. 

        Hence, the specific output region AR suitable for the conditions in the first 

space SA can be set, so that the occurrence of lens flares LF in the picked-up image of 

the first space SA can be suppressed (reduced) more effectively. 

[0112]    In addition, in the virtual space connection device 100, the region setting 

section (the first region setting section 55A or the second region setting section 55B) 

similarly sets the specific output region AR of the second projection target unit 32B on 

the basis of a comparison between a calculated value based on the luminance of a picked-

up image in the second picked-up image signal and a predetermined threshold value th 

(see S110 in FIG. 7 or the like). 

        Thus, the specific output region AR is set with the brightness of the whole of 

the second space SB being taken into consideration, and the occurrence of lens flares LF 

in the picked-up image of the second space SB can similarly be suppressed (reduced). 

[0113]    The virtual space connection device 100 according to the embodiment 

includes a condition determining section (the first condition determining section 58A or 

the second condition determining section 58B) that determines the conditions within the 

first space SA on the basis of a result of analysis processing on the first picked-up image 

signal, and the region setting section (the first region setting section 55A or the second 

region setting section 55B) performs the setting processing for the specific output region 

AR according to the conditions within the first space SA, the conditions being determined 
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by the condition determining section (the first condition determining section 58A or the 

second condition determining section 58B) (see FIG. 3 and FIG. 7 or the like). 

        Thus, the resetting processing of the specific output region AR is performed 

according to the conditions within the first space SA. 

        Hence, even when a displacement occurs between the position of the currently 

set specific output region AR and the actual position of the first camera hole 33A due, for 

example, to vibration of the device itself, an external factor such as an earthquake, and 

the like, subsequent occurrence of lens flares LF in the image picked up by the first 

imaging unit 1A can be suppressed (reduced) by performing the resetting processing of 

the specific output region AR as appropriate. 

[0114]    In addition, the virtual space connection device 100 includes a condition 

determining section (the first condition determining section 58A or the second condition 

determining section 58B) that determines conditions within the second space SB on the 

basis of a result of analysis processing on the second picked-up image signal, and the 

region setting section (the first region setting section 55A or the second region setting 

section 55B) performs the setting processing for the specific output region AR according 

to the conditions within the second space SB, the conditions being determined by the 

condition determining section (the first condition determining section 58A or the second 

condition determining section 58B) (see FIG. 3 and FIG. 7 or the like). 

        Thus, like the first space SA, the resetting processing for the specific output 

region AR is performed according to the conditions within the second space SB. 

[0115]    In the virtual space connection device 100 according to the embodiment, the 

condition determining section (the first condition determining section 58A or the second 

condition determining section 58B) determines whether or not there is a person within 
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the first space SA on the basis of the result of analysis processing on the first picked-up 

image signal, and the region setting section (the first region setting section 55A or the 

second region setting section 55B) performs the setting processing for the specific output 

region AR when it is determined that there is no person within the first space SA.  In 

addition, in the virtual space connection device 100, the condition determining section 

(the first condition determining section 58A or the second condition determining section 

58B) determines whether or not there is a person within the second space SB on the basis 

of the result of analysis processing on the second picked-up image signal, and the region 

setting section (the first region setting section 55A or the second region setting section 

55B) performs the setting processing for the specific output region AR when it is 

determined that there is no person within the second space SB (see FIG. 4 and FIG. 7 or 

the like). 

        Thus, the setting for the specific output region AR is completed before the user 

using the virtual space connection device 100 enters the inside of the space. 

        Because the processing illustrated in FIG. 7 is thus performed while the user is 

not in the space, it is possible to make display that does not cause a feeling of strangeness 

when the user within the space visually recognizes the virtually connected other space. 

[0116]    In the virtual space connection device 100 according to the embodiment, the 

first projector 31A performs image output based on the second picked-up image signal at 

the second-space-SB side, the second picked-up image signal being received from the 

first arithmetic processing unit 5A, from a side of the first projection target unit 32A to 

the first projection target unit 32A (see FIG. 2 and FIG. 3 or the like). 
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        Thus, because the second space SB is displayed by using the first projection 

target unit 32A, a display region of the second space SB can be installed within the first 

space SA more easily than in the case of using a liquid crystal panel or the like. 

[0117]    In addition, because the first projector 31A projects a picked-up image from 

the side of the first projection target unit 32A, realism of a video can be prevented from 

being impaired when a shadow caused by falling of light from the first projector 31A onto 

the user U1 or the like is projected onto the first projection target unit 32A.  In addition, 

a projection occupying an area from the floor to the ceiling is enabled by installing the 

first projector 31A on the side of the first projection target unit 32A.  The same is true 

for the second-space-SB side. 

[0118]    (5. Modifications) 

        In the present embodiment, the description has been given of an example in 

which the user U1 present in the first space SA and the user U2 present in the second 

space SB communicate with each other (see FIG. 1 or the like).  However, a user who 

intends to communicate with a user present in the other space does not necessarily needs 

to be present in the first space SA and the second space SB virtually connected to each 

other by the virtual space connection device 100.  One space may simply be used so as 

to share a picked-up image and sound of the other space. 

[0119]    In the present embodiment, as an example, the first space SA and the second 

space SB have been described as indoor spaces.  However, the first space SA and the 

second space SB are not limited to indoor spaces and may be outdoor spaces as long as 

the first space SA and the second space SB are environments in which the respective 

configurations of the virtual space connection device can be placed.  That is, an indoor 



41 

space and an outdoor space can virtually be connected to each other, or an outdoor space 

and an outdoor space can virtually be connected to each other. 

[0120]    In the present embodiment, the first arithmetic processing unit 5A and the 

second arithmetic processing unit 5B perform data communication by wireless 

communication via the network NW (see FIG. 1).  However, the communication scheme 

is not limited to wireless communication, and the data communication may be performed 

by wired communication. 

[0121]    In the present embodiment, as an example, the first projection target unit 32A 

has been described as a screen (see FIGS. 1 to 3 or the like).  However, it suffices for 

the first projection target unit 32A to be a region onto which the first projector 31A can 

project and output a video.  The first projection target unit 32A may be an object, such 

as a wall surface of the first space SA or furniture.  The same is true for the second 

projection target unit 32B on the second-space-SB side. 

[0122]    In the present embodiment, the one first imaging unit 1A is provided at 

substantially the central portion of the first projection target unit 32A (see FIG. 1 or the 

like).  However, the first imaging unit 1A may include a plurality of imaging devices to 

recognize peripheral spatial coordinates.  The same is true for the second imaging unit 

1B on the second-space-SB side. 

[0123]    In the present embodiment, the description has been given of an example in 

which the first audio input unit 2A includes three microphones (see FIG. 1 or the like).  

However, the first audio input unit 2A may include two microphones or four or more 

microphones.  When the number of microphones increases, a degree of spatial freedom 

increases, and sharp directivity can be obtained.  The same is true for the second audio 

input unit 2B on the second-space-SB side. 
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[0124]    In the present embodiment, the first audio input unit 2A performs, for example, 

directivity control on each microphone and processing such as noise reduction processing, 

filing processing, amplification processing, or sound quality processing according to a 

control signal corresponding to the conditions in the first space SA from the first 

arithmetic processing unit 5A (see FIG. 3 or the like).  However, the noise reduction 

processing, the filing processing, the amplification processing, the sound quality 

processing, or the like may be performed by the first arithmetic processing unit 5A. 

        In this case, the first arithmetic processing unit 5A performs, on the first audio 

signal received from the first audio input unit 2A, processing, such as the noise reduction 

processing, the filing processing, the amplification processing, or the sound quality 

processing, according to the conditions in the first space SA.  The same is true for the 

second-space-SB side. 

[0125]    In addition, in the present embodiment, the description has been given of an 

example in which the first image signal processing section 51A of the first arithmetic 

processing unit 5A performs, on the first picked-up image signal as an analog signal from 

the first imaging unit 1A, various kinds of signal processing, such as A/D conversion 

processing.  However, the various kinds of signal processing may be performed by the 

first imaging unit 1A.  Similarly, as for the second image signal processing section 51B 

of the second arithmetic processing unit 5B, the various kinds of signal processing may 

be performed by the second imaging unit 1B. 

[0126]    In the present embodiment, the description has been given of a case in which 

various kinds of processing are performed under the control of the first control section 

54A of the first arithmetic processing unit 5A at the first-space-SA side, such as the 

processing of transmitting the second picked-up image signal obtained by image-pickup 
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by the second imaging unit 1B in the second space SB to the first space SA, and projecting, 

by the first projector 31A, an image based on the second picked-up image signal received 

from the second-space-SB side onto the first projection target unit 32A having the first 

camera hole 33A for the first imaging unit 1A to pick up the image of the first space SA 

at the first-space-SA side; the processing of setting the specific output region AR 

including the first camera hole 33A in the first projection target unit 32A on the basis of 

the result of picking up the image of the first space SA by the first imaging unit 1A; the 

processing of generating post-processing image data by performing, on the second 

picked-up image signal, image signal processing in such a manner that the luminance 

value of the image projected onto the specific output region AR by the first projector 31A 

becomes the specific value set in advance; and the processing of making the first projector 

31A perform image projection based on the post-processing image data.  However, the 

above processing can also be performed under the control of the second control section 

54B of the second arithmetic processing unit 5B at the second-space-SB side. 

        In addition, each processing as described above can also be performed in a 

shared manner by the first control section 54A of the first arithmetic processing unit 5A 

and by the second control section 54B of the second arithmetic processing unit 5B. 

[0127]    In the present embodiment, the description has been given of an example in 

which the first control section 54A makes the first projector 31A perform projection 

output in such a manner that the search region BX is white, and in a state in which 

projection is performed in such a manner that the search region BX is white, the first 

control section 54A calculates the flare metric value WH of the picked-up image of the 

first space SA on the basis of the first picked-up image signal obtained by image-pickup 

by the first imaging unit 1A (S103 and S104 in FIG. 7).  However, regarding the 
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projection output in this case, it is adequate that high-luminance projection output is 

performed.  For example, the projection output may be performed in such a manner that 

the search region BX is blue or green. 

        By using the projection output in blue or green in place of white as described 

above, it is possible to set the specific output region AR without a usage feeling of the 

user being impaired using the virtual space connection device 100. 

[0128]    Finally, advantageous effects described in the present disclosure are merely 

illustrative and are not limitative.  Other advantageous effects may be achieved, or only 

some of the advantageous effects described in the present disclosure may be achieved. 

        In addition, the embodiment described in the present disclosure is merely 

illustrative, and the present invention is not limited to the foregoing embodiment.  Hence, 

needless to say, various changes can be made according to design or the like in addition 

to the foregoing embodiment within the scope and spirit of the present invention.  In 

addition, not combinations of all structural components described in the embodiment are 

necessarily essential to address the technical problems. 

 

Reference Signs List 

[0129]    1A: First imaging unit 

1B: Second imaging unit 

3A: First display unit 

3B: Second display unit 

5A: First arithmetic processing unit 

5B: Second arithmetic processing unit 

31A: First projector 
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31B: Second projector 

32A: First projection target unit 

32B: Second projection target unit 

33A: First camera hole 

33B: Second camera hole 

55A: First region setting section 

55B: Second region setting section 

56A: First signal processing section 

56B: Second signal processing section 

57A: First device control section 

57B: Second device control section 

58A: First condition determining section 

58B: Second condition determining section 

100: Virtual space connection device 

SA: First space 

SB: Second space 
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CLAIMS 

        1. A virtual space connection device used in a system that virtually connects a 

first space and a second space separated from the first space to each other by  

        transmitting a first picked-up image signal obtained by image-pickup by a first 

imaging unit in the first space to the second-space side, and projecting, by a second 

projector, an image based on the first picked-up image signal received from the first-space 

side onto a second projection target unit having a second camera hole for a second 

imaging unit to pick up an image of the second space at the second-space side, and 

        transmitting a second picked-up image signal obtained by image-pickup by the 

second imaging unit in the second space to the first-space side, and projecting, by a first 

projector, an image based on the second picked-up image signal received from the 

second-space side onto a first projection target unit having a first camera hole for the first 

imaging unit to pick up an image of the first space at the first-space side, the virtual space 

connection device comprising: 

        a region setting section configured to set a specific output region including the 

first camera hole in the first projection target unit on a basis of a result of picking up an 

image of the first space by the first imaging unit; 

        a signal processing section configured to generate post-processing image data 

by performing, on the second picked-up image signal, image signal processing in such a 

manner that a luminance value of an image projected onto the specific output region by 

the first projector becomes a specific value set in advance; and 

        a device control section configured to make the first projector perform image 

projection based on the post-processing image data. 
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        2. The virtual space connection device according to claim 1, wherein 

        the specific value is such a value that the luminance value in the specific output 

region is equal to or less than a predetermined value. 

 

        3. The virtual space connection device according to claim 1 or 2, wherein 

        the region setting section sets the specific output region of the first projection 

target unit on a basis of a comparison between a calculated value based on a luminance 

of a picked-up image in the first picked-up image signal and a predetermined threshold 

value. 

 

        4. The virtual space connection device according to any one of claims 1 to 3, 

comprising: 

        a condition determining section configured to determine conditions within the 

first space on a basis of a result of analysis processing on the first picked-up image signal, 

wherein 

        the region setting section sets the specific output region according to the 

conditions within the first space determined by the condition determining section. 

 

        5. The virtual space connection device according to claim 4, wherein 

        the condition determining section determines whether or not there is a person 

within the first space on the basis of the result of analysis processing on the first picked-

up image signal, and 
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        the region setting section sets the specific output region when it is determined 

that there is no person within the first space. 

  


