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(57) ABSTRACT 

A position acquiring unit acquires, from a position informa 
tion generating unit, three-dimensional position information 
relating to a position of a player, the position information 
generating unit generating the three-dimensional position 
information based on a photographed image acquired from a 
photographing unit for photographing the player and depth 
information relating to a distance between a measurement 
reference position of a depth measuring unit and the player. A 
determination unit determines Whether or not the position of 
the player is contained in a determination subject space. A 
game processing execution unit executes game processing 
based on a result of the determination made by the determi 
nation unit. A determination subject space changing unit 
changes, in a case Where it is determined that the position of 
the player is not contained in the determination subject space, 
a position of the determination subject space based on the 
position of the player. 
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PART THREE-DIMENSIONAL COORDINATE 

HEAD P1(Xw1,Yw1,Zw1) 

NECK P2(Xw2, YW2, 2W2) 

RIGHT SHOULDER P3 (XWS, YWS, 2W3) 

LEFT SHOULDER P4(Xw4, YW4, 2W4) 

/ // / 

\ \ \Z_________________________\l 
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t1 PUT RIGHT FOOT FORWARD 
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MOVEMENT OF BODY DETERMINATION CRITERION 
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GAME DEVICE, CONTROL METHOD FORA 
GAME DEVICE, AND NON-TRANSITORY 
INFORMATION STORAGE MEDIUM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims priority from Japa 
nese application JP2010-059465 ?led on Mar. 16, 2010, the 
content of Which is hereby incorporated by reference into this 
application. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a game device, a 
control method for a game device, and a non-transitory infor 
mation storage medium. 
[0004] 2. Description of the Related Art 
[0005] There is knoWn a game in Which an image obtained 
by photographing a player With a camera is used. For 
example, JP 2005-287830 A describes the folloWing technol 
ogy. That is, an image obtained by photographing the player 
and a reference game image stored in advance are synthe 
siZed, and the synthesiZed image is displayed on a monitor, to 
thereby enable the player to understand a movement that the 
player should make in the game. 

SUMMARY OF THE INVENTION 

[0006] In recent years, studies have been made on a game in 
Which, in addition to the image obtained by photographing 
the player, distance information acquired by using an infrared 
sensor (for example, distance betWeen the player and the 
infrared sensor) is used. For example, based on the image 
obtained by photographing the player and the distance infor 
mation, a determination can be made as to a position and a 
movement of the player. 
[0007] In such a game, the player moves their (his/her) 
body to play the game, and therefore the standing position of 
the player is sometimes displaced. As a result, there is a risk 
of the player hitting an obstacle in their surroundings. To 
address this, it is conceivable to narroW the photographing 
range of a camera so that the player does not go out of a 
predetermined range. HoWever, in this case, the player is 
more liable to go out of the photographing range, and hence 
there is a risk that some problem Will occur to the gameplay of 
the player. 
[0008] The present invention has been made in vieW of the 
above-mentioned problems, and therefore has an object to 
provide a game device, a control method for a game device, 
and a non-transitory information storage medium, Which are 
capable of dealing With displacement in position of a player 
during gameplay. 
[0009] In order to solve the above-mentioned problems, a 
game device according to the present invention includes: 
position acquiring means for acquiring, from position infor 
mation generating means, three-dimensional position infor 
mation relating to a position of a player in a three-dimensional 
space, the position information generating means generating 
the three-dimensional position information based on a pho 
tographed image acquired from photographing means for 
photographing the player and depth information relating to a 
distance betWeen a measurement reference position of depth 
measuring means and the player; determination means for 
determining Whether or not the position of the player in the 
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three-dimensional space is contained in a determination sub 
ject space; game processing execution means for executing 
game processing based on a result of the determination made 
by the determination means; and determination subject space 
changing means for changing, in a case Where it is determined 
that the position of the player in the three-dimensional space 
is not contained in the determination subject space, a position 
of the determination subject space based on the position of the 
player in the three-dimensional space. 
[0010] Further, a control method for a game device accord 
ing to the present invention includes: a position acquiring step 
of acquiring, from position information generating means, 
three-dimensional position information relating to a position 
of a player in a three-dimensional space, the position infor 
mation generating means generating the three-dimensional 
position information based on a photographed image 
acquired from photographing means for photographing the 
player and depth information relating to a distance betWeen a 
measurement reference position of depth measuring means 
and the player; a determination step of determining Whether 
or not the position of the player in the three-dimensional 
space is contained in a determination subject space; a game 
processing execution step of executing game processing 
based on a result of the determination made in the determi 
nation step; and a determination subject space changing step 
of changing, in a case Where it is determined that the position 
of the player in the three-dimensional space is not contained 
in the determination subject space, a position of the determi 
nation subject space based on the position of the player in the 
three-dimensional space. 
[0011] Further, a program according to the present inven 
tion causes a computer to function as a game device includ 
ing: position acquiring means for acquiring, from position 
information generating means, three-dimensional position 
information relating to a position of a player in a three 
dimensional space, the position information generating 
means generating the three-dimensional position information 
based on a photographed image acquired from photographing 
means for photographing the player and depth information 
relating to a distance betWeen a measurement reference posi 
tion of depth measuring means and the player; determination 
means for determining Whether or not the position of the 
player in the three-dimensional space is contained in a deter 
mination subject space; game processing execution means for 
executing game processing based on a result of the determi 
nation made by the determination means; and determination 
subject space changing means for changing, in a case Where it 
is determined that the position of the player in the three 
dimensional space is not contained in the determination sub 
ject space, a position of the determination subject space based 
on the position of the player in the three-dimensional space. 
[0012] Further, a non-transitory computer-readable infor 
mation storage medium according to the present invention is 
a non-transitory computer-readable information storage 
medium having the above-mentioned program recorded 
thereon. 

[0013] According to the present invention, it is possible to 
deal With the displacement in position of the player during 
gameplay. 
[0014] Further, according to one aspect of the present 
invention, the determination subject space changing means 
includes: means for determining Whether or not a state in 
Which the position of the player in the three-dimensional 
space is not contained in the determination subject space has 
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continued for a reference period; and means for changing the 
position of the determination subject space in a case Where the 
state in Which the position of the player in the three-dimen 
sional space is not contained in the determination subject 
space has continued for the reference period. 
[0015] Further, according to one aspect of the present 
invention, the game device further includes display control 
means for causing display means to display a game screen 
containing a game character and a focused area having light 
ness thereof set higher than lightness of another area, in Which 
the display control means includes means for controlling 
positional relation betWeen a display position of the game 
character and a display position of the focused area based on 
a positional relation betWeen the position of the player in the 
three-dimensional space and the determination subject space. 
[0016] Further, according to one aspect of the present 
invention, the game device further includes display control 
means for causing display means to display a game screen 
containing a ?rst game character and a second game charac 
ter, in Which the display control means includes means for 
controlling a positional relation betWeen a display position of 
the ?rst game character and a display position of the second 
game character based on a positional relation betWeen the 
position of the player in the three-dimensional space and the 
determination subject space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] In the accompanying draWings: 
[0018] FIG. 1 is a diagram illustrating a positional relation 
among a position detecting device, a game device, and a 
player; 
[0019] FIG. 2 is a diagram illustrating an example of a 
photographed image generated by a CCD camera; 
[0020] FIG. 3 is a diagram for describing a method of 
measuring a depth of the player, Which is performed by an 
infrared sensor; 
[0021] FIG. 4 is a diagram illustrating an example of a 
depth image acquired by the infrared sensor; 
[0022] FIG. 5 is a diagram illustrating an example of three 
dimensional position information generated by the position 
detecting device; 
[0023] FIG. 6 is a diagram illustrating a position of the 
player, Which is identi?ed by the three-dimensional position 
information; 
[0024] FIG. 7 is a diagram illustrating a space to be photo 
graphed by the position detecting device; 
[0025] FIG. 8 is a diagram illustrating an example of a game 
screen displayed by the game device; 
[0026] FIG. 9 is a diagram illustrating, as an example, the 
game screen displayed by the game device in a case Where the 
player has stepped out of a determination subject space; 
[0027] FIG. 10 is a diagram illustrating the position detect 
ing device and the player vieWed from an XW-ZW plane; 
[0028] FIG. 11 is an example ofthe game screen displayed 
in the case Where the player has stepped out of the determi 
nation subject space; 
[0029] FIG. 12 is a diagram illustrating the position detect 
ing device and the player vieWed from an XW-YW plane; 
[0030] FIG. 13 is an example ofthe game screen displayed 
in the case Where the player has stepped out of the determi 
nation subject space; 
[0031] FIG. 14 is a diagram illustrating a hardWare con?gu 
ration of the position detecting device; 
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[0032] FIG. 15 is a diagram illustrating a hardWare con?gu 
ration of the game device; 
[0033] FIG. 16 is a functional block diagram illustrating a 
group of functions to be implemented on the game device; 
[0034] FIG. 17 is a diagram illustrating an example of ref 
erence action information; 
[0035] FIG. 18 is a diagram illustrating an example of 
action determination criterion information; 
[0036] FIG. 19 is a How chart illustrating an example of 
processing to be executed on the game device; 
[0037] FIG. 20 is a diagram illustrating the determination 
subject space after change; 
[0038] FIG. 21 is a diagram illustrating a case Where a 
display position of an image contained in the game screen has 
been changed; 
[0039] FIG. 22 is a diagram illustrating another example of 
the game screen; 
[0040] FIG. 23 is a diagram illustrating an example of the 
game screen; 
[0041] FIG. 24 is a diagram illustrating an example of the 
game screen; and 
[0042] FIG. 25 is a diagram illustrating a case Where the 
display position of an image contained in the game screen has 
been changed. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

[0043] Hereinafter, detailed description is given of an 
example of an embodiment of the present invention With 
reference to the draWings. 
[0044] A game device according to the embodiment of the 
present invention is implemented by, for example, a home-use 
game machine (stationary game machine), a portable game 
machine, a mobile phone, a personal digital assistant (PDA), 
or a personal computer. In this speci?cation, description is 
given of a case Where the game device according to the 
embodiment of the present invention is implemented by a 
home-use game machine. 

1 - 1 . General Outline 

[0045] FIG. 1 is a diagram illustrating a positional relation 
among a position detecting device 1, a game device 20, and a 
player 100. As illustrated in FIG. 1, the player 100 is posi 
tioned, for example, in front of the position detecting device 
1. The position detecting device 1 and the game device 20 are 
connected to each other so as to be able to communicate data 
therebetWeen. Further, the player 100 plays a game in, for 
example, a living room Where items of furniture F are placed. 
[0046] The position detecting device 1 generates informa 
tion relating to a position of the player 100 based on an image 
acquired by photographing the player 100 and information 
relating to a distance betWeen the position detecting device 1 
and the player 100. For example, the position detecting device 
1 detects sets of three-dimensional coordinates correspond 
ing to a plurality of parts (for example, head, shoulder, etc.) 
constituting the body of the player 100. 
[0047] The game device 20 acquires the information relat 
ing to the position of the player 100 from the position detect 
ing device 1. For example, the game device 20 acquires a 
three-dimensional coordinate that indicate a standing posi 
tion of the player 100 in a three-dimensional space from the 
position detecting device 1. The game device 20 controls the 
game based on changes in the three-dimensional coordinate. 
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[0048] A change in the three-dimensional coordinate asso 
ciated With the player 100 corresponds to an action of the 
player 100. For example, in a case Where the player 100 has 
performed an action of raising their right hand, sets of the 
three-dimensional coordinates corresponding to the right 
elboW and the right hand of the player 100 mainly change. 

1-2. Operation of Position Detecting Device 

[0049] Next, description is given of processing in Which the 
position detecting device 1 generates the information relating 
to the position of the player 100 (three-dimensional position 
information). As illustrated in FIG. 1, the position detecting 
device 1 includes, for example, a CCD camera 2, an infrared 
sensor 3, and a microphone 4 including a plurality of micro 
phones. In this embodiment, the three-dimensional position 
information of the player 100 is generated based on informa 
tion acquired from the CCD camera 2 and the infrared sensor 
3. 
[0050] The CCD camera 2 is a publicly-knoWn camera 
comprising a CCD image sensor. The CCD camera 2 photo 
graphs the player 100. For example, the CCD camera 2 gen 
erates a still image (for example, RGB digital image) by 
photographing the player 100 at predetermined time intervals 
(for example, every 1/6oth of a second). Hereinafter, the still 
image generated by the CCD camera 2 is referred to as a 
photographed image. The photographed image contains an 
object located Within a ?eld of vieW of the CCD camera 2. 
[0051] FIG. 2 is a diagram illustrating an example of the 
photographed image generated by the CCD camera 2. As 
illustrated in FIG. 2, the photographed image contains, for 
example, the player 100. It should be noted that in a case 
Where the items of furniture F, the ?oor and the Wall of the 
living room, and the like are contained Within the ?eld of vieW 
of the CCD camera 2, the photographed image contains those 
objects, Which are omitted in FIG. 2 for simplicity of descrip 
tion. 
[0052] In the photographed image, there are set an Xs-axis 
and a Ys-axis, Which are orthogonal to each other. For 
example, the upper left comer of the photographed image is 
set as an origin point Os (0,0). Further, for example, the loWer 
right comer of the photographed image is set as a coordinate 
Pmax (Xmax,Ymax). The position of each pixel in the pho 
tographed image is identi?ed by a tWo-dimensional coordi 
nate @(s-Ys coordinate) that is assigned to each pixel. 
[0053] The infrared sensor 3 is formed of, for example, an 
infrared emitting device and an infrared receiving device (for 
example, infrared diodes). The infrared sensor 3 detects 
re?ected light obtained by emitting infrared light. The infra 
red sensor 3 measures the depth of a subject (for example, 
player 100) based on a detection result of the re?ected light. 
[0054] The depth of a subject is a distance betWeen a mea 
surement reference position (for example, position of the 
infrared receiving device of the infrared sensor 3) and the 
position of the subject. The measurement reference position 
is a position that serves as a reference in measuring the depth 
of the position of the player 100. The measurement reference 
position may be a predetermined position associated With the 
position of the position detecting device 1. The infrared sen 
sor 3 measures the depth of the player 100 based, for example, 
on a time of ?ight (TOF), Which is a time required for the 
infrared sensor 3 to receive re?ected light after emitting infra 
red light. 
[0055] FIG. 3 is a diagram for describing a method of 
measuring the depth of the player 100, Which is performed by 
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the infrared sensor 3. As illustrated in FIG. 3, the infrared 
sensor 3 emits pulsed infrared light at predetermined inter 
vals. The infrared light emitted from the infrared sensor 3 
spreads spherically With an emission position of the infrared 
sensor 3 at the center. 

[0056] The infrared light emitted from the infrared sensor 3 
strikes surfaces of, for example, the body of the player 100 
and other objects (for example, furniture F, Walls, etc.) 
located in the living room. The infrared light that has struck 
those surfaces is re?ected. The re?ected infrared light is 
detected by the infrared receiving device of the infrared sen 
sor 3. Speci?cally, the infrared sensor 3 detects re?ected light 
having a phase shifted by 1800 from that of the emitted 
infrared light. 
[0057] For example, as illustrated in FIG. 3, in a case Where 
the player 1 00 is holding out both hands, those held-out hands 
are closer to the infrared sensor 3 than the torso of the player 
100. Speci?cally, the TOP of the infrared light re?ected by 
both hands of the player 100 is shorter than the TOP of the 
infrared light re?ected by the torso of the player 100. 
[0058] The value determined as folloWs corresponds to the 
distance betWeen the measurement reference position and the 
player 100 (that is, depth). Speci?cally, the value is deter 
mined by multiplying a time required for the infrared sensor 
3 to detect the re?ected light after emitting the infrared light 
(that is, TOF) by the speed of the infrared light and then 
dividing the resultant value by tWo. In this manner, the infra 
red sensor 3 can measure the depth of the player 100. 
[0059] Further, the infrared sensor 3 can also detect an 
outline of a subject (player 100) by detecting depth differ 
ences acquired from the re?ected infrared light. 
[0060] Speci?cally, the fact that the infrared sensor 3 
receives the re?ected infrared light as described above means 
that an object is located at that place. If there is no other object 
located behind the object, the depth difference betWeen the 
object and the surroundings of the object is large. Speci?cally, 
for example, the depth difference is large betWeen a depth 
acquired by the infrared light re?ected from the player 100 
and a depth acquired by the infrared light re?ected from the 
Wall behind the player 100, and hence it is possible to detect 
the outline of the object by joining portions having the depth 
differences larger than a predetermined value. 
[0061] It should be noted that the method of detecting the 
outline of an object is not limited to the above-mentioned 
example. Alternatively, for example, the outline may be 
detected based on the brightness of each pixel of the photo 
graphed image acquired by the CCD camera 2. In this case, it 
is equally possible to detect the outline of the object by, for 
example, joining portions having large brightness differences 
among the pixels. 
[0062] It should be noted that the light that has returned to 
the infrared sensor 3 may be subjected to predetermined 
?ltering processing. Speci?cally, noise may be reduced by 
employing such a con?guration that only re?ected light cor 
responding to the infrared light emitted by the infrared sensor 
3 is detected by a light detection sensor. 
[0063] Information relating to the depth of the player 100 
(depth information), Which is detected as described above, is 
expressed as, for example, a depth image. In this embodi 
ment, description is given by taking, as an example, a case 
Where the depth information is expressed as a gray-scale 
depth image (for example, 256-bit gray-scale image data). 
[0064] FIG. 4 is a diagram illustrating an example of the 
depth image acquired by the infrared sensor 3. As illustrated 




























