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(57) ABSTRACT 

An information-processing apparatus determines whether a 
stimulation generation unit and a background virtual object 
contact each other based on position and orientation informa 
tion about the stimulation generation unit and position and 
orientation information about the background virtual object. 
If it is determined that the stimulation generation unit and the 
background virtual object contact each other, the informa 
tion-processing apparatus determines whether the stimula 
tion generation unit is included within an attention range. The 
information-processing apparatus generates operation setting 
information for controlling an operation of the stimulation 
generation unit according to a result of the determination and 
outputs the generated operation setting information to the 
stimulation generation unit. 
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FIG.5 
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INFORMATION-PROCESSINGAPPARATUS 
AND INFORMATION-PROCESSING 

METHOD 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to an information-pro 
cessing apparatus configured to implement an interaction 
between a virtual space and a user who observes the virtual 
space and to an information-processing method therefor. 
0003 2. Description of the Related Art 
0004 As is publicly known, a virtual reality system (VR 
system) refers to a system that performs the following opera 
tions. That is, the VR system configures a virtual space using 
three-dimensional computer graphics (CG) and displays an 
image in the virtual space on a large-sized display, a mobile 
apparatus display, or a head-mounted display (HMD). Thus, 
the VR system can cause a user to feel as if the virtual space 
is a real space. 
0005. In addition, a mixed reality system (MR system) has 
been developed for Superposedly displaying a virtual object 
generated using three-dimensional CG on an image in a real 
space. The MR system uses an image in a real space to allow 
a user to more easily enjoy a sense of actual size than that 
offered in a conventional VR system. In the case of using an 
HMD in Such a conventional system, a user can feel a greater 
sense of immersion into a virtual space because the virtual 
space is displayed according to a viewpoint of the user and a 
direction of a line of sight (visual axis) of the user. 
0006 Meanwhile, in recent years, a method of designing a 
product using a three-dimensional computer-aided design 
(3D-CAD) technique has become the mainstream in the field 
of product design and manufacture. In this regard, as a 
method for evaluating an object that has been designed with 
3D-CAD, a method is generally used for visually evaluating 
data generated with 3D-CAD and displayed on a screen of a 
computer as a 3D-CG image. 
0007. In addition, a method is also generally used for 
evaluating a simplified prototype (simplified mock-up) 
manufactured with a rapid prototyping apparatus and evalu 
ating the prototype based on a tactile sense. However, in the 
case of evaluating an automobile or a large-sized apparatus 
with a conventional method, it is not easy to perform a close 
evaluation because a sense of actual size cannot be obtained 
on a screen of a computer. 
0008 Furthermore, in the case of manufacturing a simpli 
fied mock-up, if the size of the mock-up to be manufactured 
is large, the cost of manufacture may become high. In this 
regard, a conventional method allows a user to evaluate a 
product under an environment in which the user can feel a 
sense of actual size or immersion by displaying CG informa 
tion with 3D-CAD using the VR system or the MR system. 
0009. Thus, the user can more intuitively evaluate or verify 
a product by looking at a virtual object with an actual size. 
0010. In the case of evaluating an operability or assem 

blability of an object to be designed, not only visual informa 
tion provided as CG information but also tactile sense infor 
mation obtained at the time of touching an objectare required. 
0011. In the case of performing an evaluation of a product 
to be designed using a mock-up, the user can actually touch 
and verify the mock-up. However, in order to obtain tactile 
sense information in the case of using a VR system oran MR 
system, it is necessary to user a specific apparatus, device, or 
method. 
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0012 That is, in order to express a feel of a virtual object 
expressed with CG information, it is necessary to use a device 
that performs contact detection processing for detecting a 
contact of a user with a virtual object and expresses and 
provides tactile sense information to the user. 
0013. A device that expresses tactile sense information is 
generally called a “haptic device' or a “haptic display'. Such 
a “haptic device' or a “haptic display' includes a force feed 
back providing apparatus that expresses a reaction from a 
virtual object and a cutaneous sense providing apparatus (tac 
tile display) that provides a stimulation to a cutaneous sense 
of a user. 
0014. It is useful to express a reaction from an object using 
a force feedback providing apparatus to evaluate and Verify a 
product (object) to be designed. However, a conventional 
force feedback providing apparatus is generally large-sized 
and thus cannot be easily transported. Accordingly, in the case 
of virtually evaluating an automobile or a large-sized appa 
ratus, an available scope of evaluating an object to be 
designed may be restricted because of the poor portability of 
the force feedback providing apparatus. Thus, in this case, it 
may become difficult for the user to intuitively perform the 
necessary evaluation operation. 
0015. Furthermore, in the case of using a force feedback 
providing apparatus over a large area, it is difficult for the user 
to feel a sense of immersion over the user's body by a tactile 
sense because only one force point is available to express a 
feel of the object in most cases. Accordingly, the scope or area 
of a virtual object available for verification with a tactile sense 
may be restricted even in the case where the virtual object to 
be designed is expressed in a VR system oran MR system that 
can provide a sense of an actual size. Thus, an effect of 
evaluating an object to be designed with a virtual object of an 
actual size may be reduced. 
0016. On the other hand, in the case of using a small-sized 
cutaneous sense providing apparatus whose portability is 
high, the tactile sense can be expressed with a greater sense of 
immersion by mounting the Small-sized cutaneous sense pro 
viding apparatus at a plurality of regions of the user's body. 
0017. In this regard, as a highly portable cutaneous sense 
providing apparatus, Patent Cooperation Treaty (PCT) Japa 
nese Translation Patent Application Laid-Open No. 2000 
501033 discusses a device that provides a vibration stimula 
tion to a user via a vibration motor mounted at a finger portion 
of a glove that the user wears according to user's contact with 
a virtual object. 
0018. Furthermore, Japanese Patent Application Laid 
Open No. 2003-316493 discusses a method for providing a 
user with a skin stimulation to the front surface of a finger of 
a user according to user's contact with a virtual object by 
using a mechanism for providing a stimulation by pressing 
against the front Surface of the finger of the user, which is 
disposed at a fingerfront Surfaceportion of a glove. In the case 
of expressing a tactile sense using a vibration motor, whether 
the virtual object has been contacting a region of the user can 
be expressed although it is difficult to express a reaction force 
from the virtual object. 
0019. Furthermore, such a vibration motor is small-sized, 
lightweight, and relatively inexpensive, and can generate a 
stimulation intense enough to cause a user to recognize vibra 
tion. Accordingly, a conventional method implements a tac 
tile sense presentation with a greater sense of immersion by 
using a plurality of vibration motors mounted on the whole 
body of a user including regions such as fingers or palms. 
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0020 For example, “Hiroaki Yano, Tetsuro Ogi, Michi 
taka Hirose: Development of Haptic Suit for Whole Human 
Body Using Vibrators”, Journal of Virtual Reality Society of 
Japan, Vol. 3, No. 3, 1998 discusses a device that allows a user 
wearing twelve vibration motors to recognize a virtual wall at 
the time of contacting the virtual wall. In the case of using the 
device discussed therein, twelve vibration motors are 
mounted on human body regions at the head, the backs of the 
hand, the elbows, regions around the waist (three pieces), 
knees, and ankles. The positions of mounting the vibration 
motors are determined based on a human perception diagram. 
0021. Furthermore, “Jonghyun Ryu, Gerard Jounghyun 
Kim: “Using a Vibro-tactile Display for Enhanced Collision 
Perception and Presence', VRST 04, Nov. 10-12, 2004, 
Hong Kong discusses a method in which vibration motors 
are mounted on the body of a user at four positions on the arms 
and legs, respectively, to provide different information indi 
cating virtual contacts with objects of different feels by vary 
ing the vibration of the vibration motors. 
0022. Meanwhile, a user may consciously or uncon 
sciously contact a virtual object. In the case of conscious 
contact, the user can easily recognize the contact even if the 
intensity of the stimulation provided by a vibration motor is 
low. On the other hand, in the case of unconscious contact, the 
user may not even recognize the stimulation provided by a 
vibration motor if the intensity of the stimulation on a region 
that has unconsciously contacted the virtual object is not high 
enough. In particular, in order to express contact of a virtual 
object on the whole body of a user, the expression of the 
contact is performed with respect to many regions of the body 
of the user. Accordingly, in this case, it is difficult for the user 
to always recognize contact with a virtual object for the whole 
body. 
0023. In this regard, if the user performs an operation with 
the hands, the user may particularly aware of the hands and 
thus becomes less aware of the legs. Accordingly, even if a 
stimulation is provided with respect to contact with a virtual 
object by the legs, the user may not positively recognize the 
stimulation. 
0024. On the other hand, if the intensity of stimulation is 
uniformly increased regardless of whether the user is aware of 
contact so that the user Surely receives the provided stimula 
tion information from any position of contact of the user's 
body with a virtual object, the intensity of stimulation may 
become very high in the case where the user consciously 
contacts the virtual object, and thus the user may feel uncom 
fortable with the excessive stimulation. 
0025. As described above, the conventional method can 
not solve the above-described problem because it cannot 
appropriately adjust the intensity of stimulation to be pro 
vided according to contact of a user with a virtual object based 
on whether the user is aware of the contact. 

SUMMARY OF THE INVENTION 

0026. The present invention is directed to a method for 
controlling a stimulation based on a result of a determination 
as to whether a user has consciously performed contact with 
a virtual object in the case of notifying, to the user, contact of 
the user with the virtual object using stimulation. 
0027. According to an aspect of the present invention, an 
information-processing apparatus configured to generate an 
image in a virtual space including a virtual object based on 
position and orientation information about a viewpoint of a 
user includes an acquisition unit configured to acquire posi 
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tional information about a stimulation generation unit, which 
stimulation unit is arranged so as to be capable of applying 
stimulation to a body of the user, a determination unit con 
figured to determine whether the virtual object and the stimu 
lation generation unit contact each other based on position 
and orientation information about the virtual object and the 
positional information about the stimulation generation unit, 
and to determine whether the stimulation generation unit is 
included within an attention range to which the user draws 
attention from the viewpoint if it is determined that the virtual 
object and the stimulation generation unit contact each other, 
and an output unit configured to generate operation setting 
information for controlling an operation of the stimulation 
generation unit according to a result of determination by the 
determination unit and to output the generated operation set 
ting information to the stimulation generation unit. 
0028. Further features and aspects of the present invention 
will become apparent from the following detailed description 
of exemplary embodiments with reference to the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
exemplary embodiments, features, and aspects of the inven 
tion and, together with the description, serve to explain the 
principles of the present invention. 
0030 FIG. 1 illustrates an exemplary state of a system, 
which is being used by a user, according to a first exemplary 
embodiment of the present invention. 
0031 FIG. 2 illustrates an example of a hardware configu 
ration of the system according to the first exemplary embodi 
ment of the present invention. 
0032 FIG. 3 illustrates an example of a configuration of a 
stimulation generation unit illustrated in FIG. 2. 
0033 FIG. 4 is a flow chart of processing for controlling an 
operation of each stimulation generation unit by a calculation 
processing apparatus (computer) illustrated in FIG. 2. 
0034 FIG.5 illustrates an example of a state of a real space 
in which an arm of a user wearing a plurality of stimulation 
generation units, position and orientation sensors, and an 
HMD are included. 
0035 FIG. 6 illustrates an example of a virtual space when 
the state of the real space is in the state illustrated FIG. 5. 
0036 FIG. 7 is a flow chart illustrating an exemplary flow 
of processing in step S4005 illustrated in FIG. 4. 
0037 FIG. 8 illustrates an example of a method for setting 
an attention range. 
0038 FIG. 9 is a flow chart illustrating an example of a 
detailed flow of processing in step S4006 illustrated in FIG. 4. 
0039 FIGS. 10A and 10B illustrate exemplary waveform 
charts corresponding to different stimulations. 
0040 FIG. 11 illustrates an example of a real space image 
captured by an imaging unit illustrated in FIG. 2. 
0041 FIG. 12 is a flow chart illustrating an exemplary flow 
of processing for determining at which of an inside of an 
attention range, an outside of the attention range, and a 
peripheral portion thereof a region virtual object contacting a 
background virtual object is located. 
0042 FIG. 13 is a flow chart illustrating an exemplary flow 
of processing for controlling an operation of each stimulation 
generation unit by a calculation processing apparatus (com 
puter). 
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0043 FIG. 14 is a chart illustrating, on the time series, 
exemplary intensity levels of stimulations generated in the 
case where contact between a region virtual object and a 
background virtual object is continued outside the attention 
range. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0044 Various exemplary embodiments, features, and 
aspects of the present invention will now be herein described 
in detail below with reference to the drawings. It is to be noted 
that the relative arrangement of the components, the numeri 
cal expressions, and numerical values set forth in these 
embodiments are not intended to limit the scope of the present 
invention. 
0045. In each of the following exemplary embodiments of 
the present invention, a system is described that implements 
an interaction between a user and a virtual space using an 
HMD, which is an example of a head-mounted type display 
apparatus, and a plurality of Stimulation generation units 
mounted at a plurality of positions (regions) of the body of the 
USC. 

First Exemplary Embodiment 
0046. A first exemplary embodiment of the present inven 
tion is described below. To begin with, a system according to 
the first exemplary embodiment of the present invention is 
described with reference to FIGS. 1 and 2. 
0047 FIG. 1 illustrates an exemplary state of a system, 
which is being used by a user, according to the present exem 
plary embodiment. 
0048 FIG. 2 illustrates an example of a hardware configu 
ration of the system according to the present exemplary 
embodiment. 
0049 Referring to FIG. 1, stimulation generation units 10, 
11, and 12 are mounted on the body of a user 1. Furthermore, 
an HMD 100 is mounted on the head of the user 1. Accord 
ingly, the user 1 can experience a virtual space including a 
virtual object 300 with both a visual sense and a tactile sense. 
0050. In the example illustrated in FIG. 1, the virtual 
object 300 is a virtually expressed imitation image of an 
automobile in an actual size. The user 1, in FIG. 1, is currently 
performing a verification operation with respect to an opera 
tion to be performed on an engine compartment of the auto 
mobile. 
0051. Furthermore, the stimulation generation unit 10 is 
mounted on the hand of the user 1. The stimulation generation 
unit 11 is mounted on the elbow of the user 1. The stimulation 
generation unit 12 is mounted on the knee of the user 1. 
0052 Moreover, one or more marker(s) 40 are provided to 
each of the stimulation generation units 10, 11, and 12 and the 
HMD 100. A position and orientation sensor 400 acquires 
position and orientation information indicating the position 
and orientation of the marker 40. The position and orientation 
information about the marker 40 acquired by the position and 
orientation sensor 400 and a real space image obtained via the 
HMD 100 are input to a calculation processing apparatus 
(information-processing apparatus) 200. 
0053. Then, the calculation processing apparatus 200 out 
puts a combined image including a virtual space image and a 
real space image to the HMD 100 by performing various 
types of processing. Furthermore, the calculation processing 
apparatus 200 outputs operation setting information for con 
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trolling an operation of each of the stimulation generation 
units 10, 11, and 12. Here, the HMD 100 is generally a video 
see-through type HMD. In the example illustrated in FIG. 2, 
the HMD 100 includes an imaging unit 101 and a display unit 
102. 

0054 The imaging unit 101 captures a moving image of 
the real space. Then, the imaging unit 101 sends the captured 
image (real space image) of each frame to the calculation 
processing apparatus 200, which is disposed at a Subsequent 
stage. The calculation processing apparatus 200 combines the 
real space image and a virtual space image that has been 
generated by the calculation processing apparatus 200. Pro 
cessing for combining the real space image and the virtual 
space image will be described in detail below. 
0055. Then, the calculation processing apparatus 200 
sends the combined image generated by the combining pro 
cessing to the HMD 100. 
0056. The display unit 102 includes a liquid crystal dis 
play (LCD) screen. The display unit 102 is mounted on the 
HMD 100 at a position thereof at which the display unit 102 
is positioned just in front of the viewpoint of the user 1, who 
wears the HMD 100 on his head. The display unit 102 dis 
plays the combined image sent from the calculation process 
ingapparatus 200. However, it is also useful if the display unit 
102 can further displays other information. 
0057 Here, by matching an optical axis of the imaging 
unit 101 and that of the display unit 102, a parallax between 
the image that has been captured by the imaging unit 101 and 
the above-described combined image can be suppressed. 
Thus, the user 1 can look at the virtual space image and a real 
space image from the viewpoint of user 1 without feeling 
uncomfortable. Here, a publicly known method can be used 
as the method for visually presenting a real object and a 
virtual object. Accordingly, a detailed description thereof is 
omitted here. 

0058. Furthermore, as described above, one or more mark 
er(s) 40 are provided to the HMD 100. As described above, in 
FIG. 1, the stimulation generation units 10, 11, and 12 are 
mounted at the hand, the elbow, and the knee of the user 1, 
respectively. 
0059. However, the number of and the mounting positions 
of the stimulation generation units are not limited to those 
described above. In the present exemplary embodiment, the 
stimulation generation units 10, 11, and 12 each have a glove 
like shape or an athletic Supporter-like shape to be Smoothly 
mounted on a region of the user's body. 
0060 FIG. 3 illustrates an example of a configuration of 
the stimulation generation unit 10 (FIG. 2) according to the 
present exemplary embodiment. 
0061 Referring to FIG. 3, the stimulation generation unit 
10 includes a glove-like shaped main body unit 19 and one or 
more cutaneous sense stimulation units 20. Here, it is useful 
if the main body unit 19 has such a configuration that the 
cutaneous sense stimulation unit 20 closely contacts the 
human body 9 of the user 1 (the back of the user's hand in the 
example in FIG. 3) so that a stimulation generated by the 
cutaneous sense stimulation unit 20 is transmitted to the 
human body 1 with an intensity high enough for the user 1 to 
recognize the vibration. 
0062. The cutaneous sense stimulation unit 20 includes a 
vibration motor, for example. Here, with respect to the cuta 
neous sense stimulation unit 20, it is useful if a plurality of 
cutaneous sense stimulation units 20 are mounted on regions 

Meta Platforms Exhibit 1003 
Page 0017



US 2009/0066725 A1 

of the user's body at the front or the back of the hands and is 
selected and driven according to user's contact with a virtual 
object by the body region. 
0063 Similarly, with respect to the stimulation generation 
unit 11 and the stimulation generation unit 12 having an 
elbow-like shape or a knee Supporter-like shape, one or more 
cutaneous sense stimulation units 20 are provided. 
0064. In the example illustrated in FIG. 3, a vibration 
motor is used as the cutaneous sense stimulation unit 20. 

0065. The vibration motor generates a vibration by rotat 
ing an eccentric weight mounted around a rotation shaft of the 
vibration motor. Here, either a cylinder-like shaped vibration 
motor or a coin-like shaped (flat-shaped) vibration motor can 
be generally used as the vibration motor. In the example 
illustrated in FIG. 3, a coin-like shaped (flat-shaped) vibra 
tion motor is used. 

0066. Here, a vibration motor is relatively small-sized but 
can generate a high level of stimulation. Accordingly, it is 
useful if a plurality of cutaneous sense stimulation units 20 
each including a vibration motor presents a stimulation at 
each of a plurality of regions of the user's body as in the 
present exemplary embodiment. 
0067. However, the present invention is not limited to this. 
That is, the cutaneous sense stimulation unit 20 can include a 
device other than the vibration motor, which can apply a 
stimulation to the cutaneous sense of the user. As for a method 
for presenting a stimulation to the cutaneous sense of the user, 
a mechanical stimulation generation method, an electrical 
stimulation generation method, or a thermal stimulation gen 
eration method can be used. That is, various types of devices 
can be used as the cutaneous sense stimulation unit 20 accord 
ing to the stimulation generation method. 
0068. In this regard, for example, a voice-coil type device 
that generates a mechanical vibration stimulation can be used 
as the cutaneous sense stimulation unit 20. 

0069. Furthermore, a device that includes a pin-like por 
tion configured to contact the body of a user and operated by 
an actuator Such as a piezoelectric element or a polymeric 
actuator to provide a stimulation can be used as the cutaneous 
sense stimulation unit 20. 
0070. In addition, a device that provides pressure on a skin 
of the user with an air pressure can be used as the cutaneous 
sense stimulation unit 20. 

0071 Moreover, a device that provides an electrical stimu 
lation to the user using an array of microelectrodes can be 
used as the cutaneous sense stimulation unit 20. In addition, a 
device that uses an electrothermal device to provide athermal 
stimulation can be used as the cutaneous sense stimulation 
unit 20. As described above, various types of devices can be 
used as the cutaneous sense stimulation unit 20. 
0072. In the following description of the exemplary 
embodiments of the present invention, the device used as the 
cutaneous sense stimulation unit 20 can generate a stimula 
tion with any method if the content of the operation (the 
operation for controlling the stimulation intensity) to be per 
formed by the cutaneous sense stimulation unit 20 can be set 
via the calculation processing apparatus 200. 
0073. As described above, the position and orientation 
sensor 400 acquires position and orientation information 
about the marker 40. Accordingly, the position and orienta 
tion sensor 400 can detect the position and orientation of the 
HMD 100 and the stimulation generation units 10, 11, and 12, 
on each of which the marker 40 is disposed. 
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0074. In the present exemplary embodiment, the position 
and orientation sensor 400 and the marker 40 constitute an 
optical position and orientation acquisition system. The opti 
cal position and orientation acquisition system includes a 
plurality of position and orientation sensors 400 including a 
camera having an infrared radiation function and a plurality 
ofmarkers 40 made of a retroreflective material. Here, each of 
the markers 40 disposed at respective different three-dimen 
sional positions is provided with a unique identification (ID). 
0075. Here, a publicly known method can be used for 
acquiring the position and orientation information about the 
device having the marker 40 (in the present exemplary 
embodiment, the HMD 100 and the stimulation generation 
units 10, 11, and 12). Accordingly, a detailed description 
thereof is omitted here. 
0076. However, the present invention is not limited to this. 
Various other methods for acquiring the position and orien 
tation information about the HMD 100 and the stimulation 
generation units 10, 11, and 12 can be used. That is, the 
present invention is not limited to a method that uses the 
position and orientation sensor 400 and the marker 40. 
0077. For example, a method that uses a magnetic sensor 
can be used for acquiring the position and orientation infor 
mation about the HMD 100 and the stimulation generation 
units 10, 11, and 12. In this method, a transmitter for gener 
ating a magnetic field is provided in the real space, and the 
HMD 100 and the stimulation generation units 10, 11, and 12 
each have a receiver for detecting a change in the magnetic 
field occurring accordingly as the HMD 100 or the stimula 
tion generation units 10, 11, and 12 change their position and 
orientation within the magnetic field. 
0078. In addition, the method acquires the position and 
orientation information in a sensor coordinate system of each 
of the receivers based on a signal indicating a result of the 
detection by the receiver. Here, the sensor coordinate system 
has an origin point that denotes a position of the transmitter 
and an X-axis, a y-axis, and a Z-axis orthogonal to one another 
at the origin point. With respect to the method for acquiring 
the position and orientation information, a sensor system 
using another method, such as an ultrasonic system, can be 
used. 
0079. In addition, a method can be used for acquiring the 
position and orientation information by capturing, with a 
camera, an image of each of the markers mounted on the 
HMD 100 and the stimulation generation units 10, 11, and 12. 
0080 Furthermore, it is useful to acquire the position and 
orientation information about the stimulation generation 
units 10, 11, and 12 using a publicly known motion capture 
method. 
I0081 Moreover, in the case of using a glove-like shaped 
stimulation generation unit 10 as illustrated in FIG. 3, it is 
useful to acquire the position and orientation of the hand of 
the user with an optical sensor and to acquire the position and 
orientation of each finger with a finger position acquisition 
method using a mechanical sensor or an optical fiber. As 
described above, the method for acquiring the position and 
orientation information about the HMD 100 and the stimula 
tion generation units 10, 11, and 12 is not particularly limited 
to those described above. 
I0082 In the present exemplary embodiment, the position 
and orientation information about the HMD 100 and the 
position and orientation information about the stimulation 
generation units 10, 11, and 12 acquired by the position and 
orientation sensor 400 are sent to the calculation processing 
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apparatus 200. The calculation processing apparatus 200 
includes a general-purpose personal computer (PC), for 
example. 
0083. A central processing unit (CPU) 201 uses a program 
and data stored on a random access memory (RAM) 202 or a 
read-only memory (ROM) 203 to control the operation of the 
calculation processing apparatus 200. Furthermore, each of 
the following processing operations performed by the calcu 
lation processing apparatus 200 is performed with the CPU 
201 as the main unit of performing the processing. 
0084. The RAM 202 includes an area for temporarily stor 
ing a program or data loaded or sent from a data recording unit 
205 and the position and orientation information acquired by 
a position and orientation sensor information acquisition unit 
209 from the position and orientation sensor 400. 
0085. Furthermore, the RAM 202 includes an area for 
temporarily storing the data of a real space image, which an 
image input unit 207 has acquired from the imaging unit 101. 
In addition, the RAM 202 includes a work area used for 
performing various types of processing with the CPU 201. 
That is, the RAM 202 can provide various storage areas as 
necessary. 
I0086. The ROM 203 stores a boot program and various 
setting data. An operation input unit 206 functions as an 
interface for connecting an operation unit 204 to the calcula 
tion processing apparatus 200. 
0087. The operation unit 204 includes a keyboard and a 
mouse. An operator (user) can perform an operation via the 
calculation processing apparatus 200 to input various instruc 
tions to the CPU 201 via the operation input unit 206. 
0088. The data recording unit 205 is a mass storage device, 
such as a hard disk drive (HDD). The data recording unit 205 
stores an operating system (OS) and a program and data used 
when the CPU 201 of the calculation processing apparatus 
200 executes each of the following processing operations. 
0089. The program includes a program for executing each 
processing according to a flow of processing to be executed 
by the CPU 201. In addition, the data includes data related to 
each virtual object constituting a virtual space and data 
related to a light source that irradiates a virtual space with a 
light beam. 
0090. Furthermore, the data recording unit 205 stores pub 
licly known information and information that a person skilled 
in the art can easily arrive at using in performing the following 
processing. The program and the data stored in the data 
recording unit 205 are loaded therefrom to the RAM 202 
under the control of the CPU 201. 
0091. The CPU 201 uses the program and data loaded on 
the RAM 202 to perform each processing. 
0092. It is useful if the information temporarily stored on 
the RAM 202 is temporarily stored in the data recording unit 
205. The image input unit 207 and an image output unit 208 
function as an interface for connecting the HMD 100 to the 
calculation processing apparatus 200. Data of a real space 
image sent from the imaging unit 101 of the HMD 100 is 
stored on the RAM 202 or the data recording unit 205 via the 
image input unit 207. 
0093. Furthermore, a combined image generated by the 
calculation processing apparatus 200 is output to the display 
unit 102 of the HMD 100 via the image output unit 208. The 
position and orientation sensor information acquisition unit 
209 functions as an interface for connecting the position and 
orientation sensor 400 to the calculation processing apparatus 
2OO. 
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0094. The position and orientation information acquired 
by the position and orientation sensor 400 is input to the 
calculation processing apparatus 200 via the position and 
orientation sensor information acquisition unit 209, and then 
is stored on the RAM 202 or the data recording unit 205. 
0.095 The stimulation information output unit 210 func 
tions as an interface for connecting the cutaneous sense 
stimulation unit 20 to the calculation processing apparatus 
200. The operation setting information generated by the cal 
culation processing apparatus 200 is output to a specified 
cutaneous sense stimulation unit 20 via the stimulation infor 
mation output unit 210. 
0096. Each of the image input unit 207, the image output 
unit 208, the position and orientation sensor information 
acquisition unit 209, and the stimulation information output 
unit 210 includes an analog video port, a digital input and 
output (I/O) port (IEEE 1394, for example), a serial port, such 
as Recommended Standard 232C (RS232C) or a universal 
serial bus (USB), or Ethernet(R). The above-described com 
ponents of the calculation processing apparatus 200 are con 
nected to a system bus 211. 
0097. Now, processing performed by the calculation pro 
cessing apparatus 200 is described in detail below. The cal 
culation processing apparatus 200 performs the following 
processing in addition to generating a virtual space image 
according to the position and orientation of the HMD 100, 
combining the generated virtual space image with a real space 
image captured by the imaging unit 101, and sending the 
combined image to the display unit 102. That is, the calcula 
tion processing apparatus 200 detects whether the stimulation 
generation unit 10, 11, or 12 contacts a virtual object. 
0098. If it is determined that the stimulation generation 
unit 10, 11, or 12 contacts the virtual object, then the calcu 
lation processing apparatus 200 determines whether the con 
tacting stimulation generation unit is included in an attention 
range (area) to which the user 1 draws attention. 
0099. Then, the calculation processing apparatus 200 con 
trols an operation of any of the stimulation generation units 
10, 11, and 12 that contacts the virtual object. 
0100. In the example illustrated in FIG. 1, a range 50, 
which is an attention range, and a range 60, which is a range 
other than the range 50, are illustrated. Here, the range 60 is 
referred to as a “non-attention range'. 
0101 The attention range 50 is a range in which the user 1 
can perceive a virtual object with the visual sense and a part 
thereof. Accordingly, the attention range 50 is not limited to a 
precisely-measured human sight but can be an artificially set 
range. 
0102 Referring to FIG. 1, in the attention range 50, a 
virtual contact occurs between the region (hand) of the user, 
on which the stimulation generation unit 10 is mounted, and 
the virtual object 300. 
0103) On the other hand, in the non-attention range 60, a 
virtual contact occurs between the region (knee) on which the 
stimulation generation unit 12 is mounted and the virtual 
object 300. In this case, in the present exemplary embodi 
ment, the calculation processing apparatus 200 controls the 
stimulation generation unit 10 and the stimulation generation 
unit 12 to generate respective different stimulations. In this 
regard, the control of operation of the stimulation generation 
units 10, 11, and 12 performed by the calculation processing 
apparatus 200 is described in detail below. 
0104 FIG. 4 is a flow chart of processing performed by the 
calculation processing apparatus 200 for controlling an 
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operation of each of the stimulation generation units 10, 11, 
and 12 according to the present exemplary embodiment. 
0105. The program and data used for performing the pro 
cessing according to the flow chart of FIG. 4 with the CPU 
201 are stored in the data recording unit 205. The CPU 201 
loads the program and data from the data recording unit 205 
onto the RAM 202. 
0106 The CPU 201 of the calculation processing appara 
tus 200 performs the processing according to the flow chart of 
FIG.4, which will be described in detail below, by performing 
the processing using the loaded program and data. 
0107 Referring to FIG. 4, in step S4001, the CPU 201 
performs processing for loading various data to be used in 
processing for initializing the calculation processing appara 
tus 200 and Subsequent processing from the data recording 
unit 205 onto the RAM 202. The data loaded from the data 
recording unit 205 onto the RAM 202 includes various infor 
mation used in a virtual space (virtual space information). 
0108. In step S4002, the CPU 201 acquires position and 
orientation information about the HMD 100 and position and 
orientation information about the stimulation generation 
units 10, 11, and 12 sent from the position and orientation 
sensor 400 via the position and orientation sensor information 
acquisition unit 209 and stores the acquired information on 
the RAM 202. 
0109. In step S4003, the CPU 201 sets the position and 
orientation information about the HMD 100 acquired in step 
S4002 as the position and orientation information about the 
current viewpoint of the user 1. Furthermore, the CPU 201 
sets the position and orientation information about each of the 
stimulation generation units 10, 11, and 12 acquired in step 
S4002 as position and orientation information about a virtual 
object (hereinafter simply referred to as a “region virtual 
object') disposed according to the position and orientation of 
each of the stimulation generation units 10, 11, and 12. That 
is, the CPU201 sets the region virtual object corresponding to 
each stimulation generation unit according to the position and 
orientation of each of the stimulation generation units 10, 11, 
and 12. 
0110. In the case where the position and orientation of the 
virtual object existing in the virtual space changes, the CPU 
201 determines the position and orientation information after 
the change. The CPU 201 updates various information in the 
virtual space as described above. 
0111 Here, an outline of the region virtual object is 
described. As described above, the region virtual object cor 
responding to the stimulation generation unit 10 is disposed 
in the virtual space according to the position and orientation 
of the stimulation generation unit 10. 
0112 The region virtual object corresponding to the 
stimulation generation unit 11 is disposed in the virtual space 
according to the position and orientation of the stimulation 
generation unit 11. 
0113. The region virtual object corresponding to the 
stimulation generation unit 12 is disposed in the virtual space 
according to the position and orientation of the stimulation 
generation unit 12. Accordingly, the position and orientation 
of each of the stimulation generation units 10, 11, and 12 is 
reflected in the virtual space. The interaction between each of 
the stimulation generation units 10, 11, and 12 and the virtual 
space is available in this manner. 
0114 Hereinbelow, a virtual object other than the region 
virtual objects is referred to as a “background virtual object’. 
That is, the virtual space includes the background virtual 
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object, and the region virtual objects are disposed in the 
virtual space according to the position and orientation of each 
stimulation generation unit. 
0115 Furthermore, hereinbelow, the region virtual object 
and the background virtual object may be collectively 
referred to as a “virtual object' in the description common 
thereto. 
0116. What is characteristic about the region virtual object 
as one type of a virtual object will be described in detail 
below. In this regard, the region virtual object is disposed in 
the virtual space in terms of the calculation therefor. Thus, the 
region virtual object can be left unrendered. As described 
above, “processing for constructing a virtual space', namely, 
processing for disposing the background virtual object and 
the light source in the virtual space, is performed in parallel to 
performing the processing in the flow chart of FIG. 4. 
0117 Thus, in step S4004, the CPU 201 determines 
whether each of the background virtual objects disposed by 
the above-described processing in the virtual space and each 
of the region virtual objects disposed in the virtual space in 
step S4003 interfere with each other. That is, the CPU 201 
determines whether any background virtual object and any 
region virtual object contact each other. The determination as 
to whether the virtual objects interfere with each other can be 
performed according to a publicly known method. 
0118. In step S4005, the CPU201 determines whether the 
region virtual object contacting the background virtual object 
is located within the attention range (corresponding to the 
attention range 50 in FIG. 1) (attention determination pro 
cessing). 
0119 The method for calculating an attention range will 
be described in detail below. Furthermore, the processing in 
step S4005 will also be described in detail below. 
I0120. In step S4006, the CPU 201 generates operation 
setting information for controlling an operation of the stimu 
lation generation unit corresponding to the region virtual 
object contacting the background virtual object. The opera 
tion setting information can differ according to whether the 
region virtual object contacting the background virtual object 
is located within the attention range. 
I0121 Suppose, for example, that both the region virtual 
object disposed according to the position and orientation of 
the stimulation generation unit 10 and the region virtual 
object disposed according to the position and orientation of 
the stimulation generation unit 11 contact the background 
virtual object. 
I0122) If the region virtual object disposed according to the 
position and orientation of the stimulation generation unit 10 
is located within the attention range and the region virtual 
object disposed according to the position and orientation of 
the stimulation generation unit 11 is not located within the 
attention range, the operation setting information generated 
for the stimulation generation unit 10 differs from that gen 
erated for the stimulation generation unit 11. That is, the 
intensity of the stimulation indicated in each operation setting 
information mutually differs. The processing in step S4006 
will be described in detail below. 
(0123. In step S4007, the CPU 201 outputs, via the stimu 
lation information output unit 210, the operation setting infor 
mation generated in step S4006 to the stimulation generation 
unit (in the present exemplary embodiment, the cutaneous 
sense stimulation unit 20) corresponding to the region virtual 
object contacting the background virtual object. After receiv 
ing the operation setting information, the stimulation genera 
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tion unit operates to generate a stimulation of the intensity 
indicated by the operation setting information. 
(0.124. If it is determined by the CPU 201 that the user has 
issued an instruction for ending the processing via the opera 
tion unit 204 or if a condition for ending the processing is 
satisfied (YES in step S4008), then the processing advances 
from step S4008 to step S4009. 
(0.125. On the other hand, if it is determined by the CPU 
201 that the user has not issued any instruction for ending the 
processing via the operation unit 204 or if no condition for 
ending the processing is satisfied (NO in step S4008), then the 
processing returns from step S4008 to step S4002 to repeat 
the processing in Step S4002 and Subsequent steps. 
0126 Now, the processing in step S4004, namely, process 
ing for determining whether the region virtual object inter 
feres with the background virtual object, is described in detail 
below. 

0127. As described above, the data for the region virtual 
object and the data for the background virtual object are 
previously stored in the data recording unit 205. Here, the 
data for each virtual object includes virtual object shape infor 
mation and texture map data. 
0128. The shape information includes, in the case where 
the virtual object is constructed with a polygon, normal line 
vector data with respect to each polygon and data of each 
Vertex constituting the polygon, for example. 
0129. In the case of performing processing for determin 
ing whether the region virtual object interferes with the back 
ground virtual object, only the shape information of the data 
of each virtual object is used. 
0130. If the virtual object has a complicated shape, the size 
of the shape information becomes large. Accordingly, in per 
forming processing for determining whether virtual objects 
having a complicated shape interfere with each other, pro 
cessing for determining the presence or absence of interface 
between the virtual objects is performed using the large-sized 
shape information. In this case, a large amount of processing 
load may arise. 
0131 Accordingly, in performing processing for deter 
mining whether the background virtual object and the region 
virtual object interfere with each other, it is useful to generate 
apseudo-shape virtual object based on the background virtual 
object and using less detailed information about the shape 
thereof and a pseudo-shape virtual object based on the region 
virtual object and using less detailed information about the 
shape thereof and to perform processing for determining 
whether the generated pseudo-shape virtual objects interfere 
with each other. 

0132 Here, a pseudo-shape virtual object of a virtual 
object can be generated based on shape information whose 
data amount is Small (shape information indicating a rela 
tively low degree of detailedness) using a publicly known 
polygon reduction method based on the shape information 
about the virtual object. 
0.133 Alternatively, the shape information used for per 
forming the processing for determining the presence or 
absence of interference can be previously generated and 
stored in the data recording unit 205 instead of generating the 
same in real time during the interference determination pro 
cessing. In this regard, various methods can be used for deter 
mining whether the virtual objects interfere with each other. 
In the present exemplary embodiment, any method for deter 
mining the presence or absence of interference can be used. 
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I0134) Furthermore, the virtual object can be constructed 
by an element other than a polygon. Moreover, the content of 
the interference determination processing can be changed 
according to the element of the virtual object. That is, in the 
present exemplary embodiment, on what kind of interference 
the processing according to the present exemplary embodi 
ment is performed is not significant. Accordingly, any method 
that can detect an interference between the virtual objects can 
be used. 
I0135 Now, the processing in step S4005 is described with 
reference to FIGS. 5 and 6. More specifically, processing for 
determining whether the region virtual object contacting the 
background virtual object is located within the attention 
range (corresponding to the attention range 50 in FIG. 1) is 
described below. 
0.136 FIG. 5 illustrates an example of a state of the real 
space including the arm of the user 1 on which the stimulation 
generation units 10 and 11 are mounted, the position and 
orientation sensors 400, and the HMD 100 according to the 
present exemplary embodiment. 
0.137 FIG. 6 illustrates an example of a virtual space when 
the state of the real space is in the state illustrated FIG. 5. 
Accordingly, the state that is a combination of the real space 
(FIG.5) and the virtual space (FIG. 6) is presented to the user 
1 who wears the HMD 100. However, the virtual space and 
the real space are described separately from each other for 
easier understanding. 
0.138 Referring to FIG. 5, The stimulation generation unit 
10 is mounted on the hand of the user 1 as described above. 
The stimulation generation unit 11 is mounted on the elbow of 
the user 1. A plurality of markers 40 is provided on each of the 
stimulation generation units 10 and 11. Furthermore, the 
marker 40 is provided on the HMD 100. 
0.139 Moreover, the position and orientation sensor 400 
monitors each of the markers 40. A line-of-sight direction 
vector 68 is indicated by an orientation component of the 
position and orientation information about the HMD 100. The 
line-of-sight direction vector 68 is a vector whose initial point 
is taken at a position indicated by a position component of the 
position and orientation information about the HMD 100. 
0140. On the other hand, referring to FIG. 6, background 
virtual objects 302 and 303 are disposed in the virtual space. 
Here, a viewpoint 69 of the user 1 indicates a point having a 
position and orientation measured by the position and orien 
tation sensor 400 as the position and orientation of the HMD 
100 in the state where the HMD 100 is in the position and 
orientation illustrated in FIG. 5. A region virtual object 311 is 
disposed according to the position and orientation of the 
stimulation generation unit 10. A region virtual object 312 is 
disposed according to the position and orientation of the 
stimulation generation unit 11. 
0.141. Here, in the example illustrated in FIG. 6, each of 
the region virtual objects 311 and 312 is a virtual object 
generated by imitating a shape of the stimulation generation 
units 10 and 11 corresponding thereto. The region virtual 
objects 311 and 312 can have any other form. However, it is 
desirable that the region virtual object is a virtual object 
generated by imitating the shape of the corresponding stimu 
lation generation unit or a virtual object generated by imitat 
ing the shape of the region of the body of a user who wears the 
corresponding stimulation generation unit. 
0142. This is because it is useful, in increasing the degree 
of reality of the interference determination processing, to 
perform processing for determining the presence of interfer 
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ence with the background virtual object based on the shape of 
the stimulation generation unit or the shape of the region of 
the user who wears the stimulation generation unit. 
0143 A view volume 55 is calculated based on viewpoint 
information included in the position and orientation informa 
tion and angle of view information of the viewpoint 69. As the 
view volume 55, a view volume (a view volume correspond 
ing to a virtual sight for looking at the virtual space) set in the 
case of drawing a virtual space image can be generally used. 
0144. In this case, the view volume 55 indicates a range of 
the virtual space drawn on the display unit 102 of the HMD 
1OO. 

0145. In the example illustrated in FIG. 6, the view volume 
55 includes the horizontal and vertical angles of view of the 
HMD 100 and two planes orthogonal to the line-of-sight 
direction vector 68. The two planes include a plane positioned 
closer to the viewpoint 69 (a front clipping plane) and a plane 
positioned farther from the viewpoint 69 (a rear clipping 
plane). 
0146 Here, it is useful if the view volume 55 is calculated 
again upon any change in information about the viewpoint 69 
and the shape and the size thereof can be determined as 
appropriate. 
0147 Furthermore, information necessary for generating 
the view volume 55 (information other than the position and 
orientation information about the viewpoint 69) is previously 
recorded in the data recording unit 205. Here, the view vol 
ume 55 is used as the attention range. 
0.148. In the example illustrated in FIG. 6, the region vir 
tual object 311 and the background virtual object 302 contact 
each other. In addition, the region virtual object 312 and the 
background virtual object 303 contact each other. 
0149 Furthermore. In the example illustrated in FIG. 6, 
the region virtual object 311 is located within the view vol 
ume 55, while the region virtual object 312 is located outside 
the view volume 55. Here, it can be presumed that the user 1 
draws attention to the stimulation generation unit correspond 
ing to the region virtual object included within the attention 
range, of the region virtual objects contacting the background 
virtual objects. 
0150. On the other hand, with respect to the stimulation 
generation unit corresponding to the region virtual object that 
is not included within the attention range, it can be presumed 
that the user 1 does not draw attention. 

0151. In the present exemplary embodiment, the CPU201 
performs processing for determining whether each of the 
virtual objects exists inside or outside the view volume 55 
according to the positional relationship between the view 
Volume calculated as the attention range and the region virtual 
object contacting the background virtual object. 
0152. In the example illustrated in FIG. 6, the region vir 
tual object 311 contacting the background virtual object 302 
exists inside the view volume 55. Accordingly, in this case, it 
can be presumed that the user 1 draws attention to the region 
on which the stimulation generation unit 10 is mounted. 
0153. On the other hand, the region virtual object 312 
contacting the background virtual object 303 exists outside 
the view volume 55. Accordingly, in this case, it can be 
presumed that the user 1 does not draw attention to the region 
on which the stimulation generation unit 11 is mounted. 
0154) Then, in this case, the CPU 201 generates different 
operation setting information for the stimulation generation 
unit 10 and the stimulation generation unit 11 to cause the 
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stimulation generation unit 10 and the stimulation generation 
unit 11 to generate stimulations of respective different inten 
sity levels. 
0155 FIG. 7 is a flow chart illustrating an exemplary 
detailed flow of processing in step S4005. 
0156 Here, in step S4005, the CPU 201 does not process 
all of the region virtual objects but processes the region virtual 
object that has been determined to contact the background 
virtual object in the interference determination processing in 
step S4004. In step S7001, the CPU201 determines whether 
the position included in the positional information about each 
region virtual object that has been determined to contact the 
background virtual object is inside the view volume (within 
the attention range). 
(O157. If it is determined in step S7001 that the position 
included in the positional information about the region virtual 
object that has been determined to contact the background 
virtual object is inside the view volume (within the attention 
range) (YES in step S7001), then the CPU 201 advances to 
step S7002. In step S7002, the CPU201 records identification 
information (an ID, for example) unique to the region virtual 
object on the RAM 202. 
0158. On the other hand, if it is determined in step S7001 
that the position included in the positional information about 
the region virtual object that has been determined to contact 
the background virtual object is outside the view volume (NO 
in step S7001), then the CPU 201 advances to step S7003. In 
step S7003, the CPU 201 records identification information 
(an ID, for example) unique to the region virtual object on the 
RAM 202. 

0159. In the above-described example, the view volume 
for displaying a virtual space is used as the attention range. 
However, the present invention is not limited to this. That is, 
a space having a quadrangular pyramid shape or a predeter 
mined shape and set in the line-of-sight direction of the HMD 
100 can be used as the attention range. 
0160 FIG. 8 illustrates an example of another method for 
setting the attention range according to the present exemplary 
embodiment. In the example illustrated in FIG. 8, a space 
smaller than the view volume 55 is set for an attention range 
(attention determination space) 56. The attention determina 
tion space56 is set Smaller than a range that the user 1 can see 
(the view volume 55), because it is unlikely that the user 1 
draws attention to a peripheral portion of the display area. If 
a region virtual object contacting the background virtual 
object exists inside the attention determination space56, then 
the CPU 201 determines that the user 1 draws attention to the 
region virtual object. 
0.161 Referring to FIG. 8, a plane equivalent to the rear 
clipping plane of the view volume 55 is moved in the direction 
of the viewpoint 69. Thus, a relatively small attention deter 
mination space 56 is set. 
0162. In the case of using a stimulation generation unit 
that is mounted directly on the human body as in the present 
exemplary embodiment, the view Volume used for displaying 
the virtual object cannot contact a virtual object positioned at 
a distant position. Accordingly, the attention determination 
space 56 is customized as a space dedicated as the attention 
range with respect to contact between the user and the virtual 
object. With respect to the customization of the attention 
range, it is useful to determine its content based on human 
visual characteristics and content of the task (in the present 
exemplary embodiment, a verification work). 
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0163 For example, the human visual field is generally 
approximately 60 degrees upward and approximately 75 
degrees downward in the vertical direction. Accordingly, in 
the present exemplary embodiment, the attention range is set 
in the range of 60 degrees upward and 75 degrees downward 
of the HMD 100 even if the display apparatus includes an 
angle of view wider than that. 
0164. Furthermore, the human visual field includes a cen 

tral visual field having a high resolution. The user 1 can 
observe an object with the central visual field in the case of 
performing a work with a visual verification (drawing atten 
tion to and touching an object). Accordingly, it is useful to set 
the attention range around the central visual field. 
0.165 Moreover, the attention range may differ according 

to the type of the task. In this regard, it is useful to predeter 
mine the attention range according to the type of a work 
target object and the content of the verification to be per 
formed. 

0166 Furthermore, it is useful to previously measure the 
eye movement of a user to presume and estimate the attention 
range in a task work to be performed and to set the attention 
range based on the presumed attention range. As described 
above, various methods can be arbitrarily selected and used 
for setting the attention range, although if the position and 
orientation of the viewpoint is changed, the attention range is 
to be set again according thereto. 
0167 Now, the processing in step S4006 is described in 
detail below. More specifically, the processing for generating 
operation setting information for controlling an operation of 
the stimulation generation unit corresponding to the region 
virtual object contacting the background virtual object is 
described below. 

0168 FIG.9 is a flow chart illustrating exemplary process 
ing in step S4006 according to the present exemplary embodi 
ment. Referring to FIG.9, in step S9001, the CPU201 deter 
mines whether the position included in the positional 
information about each region virtual object that has been 
determined to contact the background virtual object is inside 
the view volume (within the attention range). 
(0169. If it is determined in step S9001 that the position 
included in the positional information about the region virtual 
object that has been determined to contact the background 
virtual object is inside the view volume (within the attention 
range) (YES in step S9001), then the CPU 201 advances to 
step S9002. In step S9002, the CPU 201 performs processing 
on the ID information recorded on the RAM 202 in step 
S7002 (FIG. 7). 
(0170. On the other hand, if it is determined in step S9001 
that the position included in the positional information about 
the region virtual object that has been determined to contact 
the background virtual object is outside the view volume (NO 
in step S9001), then the CPU 201 advances to step S9003. In 
step S9003, the CPU 201 performs processing on the ID 
information recorded on the RAM 202 in step S7003 (FIG. 7). 
(0171 In step S9002, the CPU 201 identifies the region 
virtual object corresponding to the ID information recorded 
on the RAM 202 in step S7002. 
0172. Then, the CPU 201 generates (sets) operation set 
ting information to be set for the stimulation generation unit 
corresponding to the identified region virtual object (opera 
tion setting information for the region virtual object inside the 
attention range). 
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(0173. On the other hand, in step S9003, the CPU 201 
identifies the region virtual object corresponding to the ID 
information recorded on the RAM 202 in step S7003. 
0.174. Then, the CPU 201 generates (sets) operation set 
ting information to be set for the stimulation generation unit 
corresponding to the identified region virtual object (opera 
tion setting information for the region virtual object outside 
the attention range). 
(0175. In the example illustrated in FIG. 6, the CPU 201 
sets the operation setting information for the region virtual 
object inside the attention range with respect to the stimula 
tion generation unit 10. On the other hand, the CPU 201 sets 
the operation setting information for the region virtual object 
outside the attention range with respect to the stimulation 
generation unit 11. 
0176 The correspondence relation information as to 
which region virtual object is associated with which stimula 
tion generation unit (which region virtual object is disposed 
on which position and orientation of the stimulation genera 
tion unit) is previously recorded on the data recording unit 
205. Thus, the CPU 201 can identify the stimulation genera 
tion unit corresponding to the region virtual object. 
(0177. In step S4007 in FIG. 4, the CPU 201 outputs the 
operation setting information set in step S9002 to the stimu 
lation generation unit with which the region virtual object 
corresponding to the ID information recorded on the RAM 
202 in step S7002 is associated, via the stimulation informa 
tion output unit 210. 
(0178. Furthermore, in step S4007 in FIG.4, the CPU 201 
outputs the operation setting information set in step S9003 to 
the stimulation generation unit with which the region virtual 
object corresponding to the ID information recorded on the 
RAM 202 in step S7003 is associated, via the stimulation 
information output unit 210. 
0179. In the present exemplary embodiment, with respect 
to the stimulation control, it is useful to set the stimulation to 
be generated in the case of contact outside the attention range 
to a level higher than that generated in the case of contact 
inside the attention range. 
0180 That is, if the region virtual object contacting the 
background virtual object is included within the attention 
range, then the CPU 201 sets the operation setting informa 
tion for causing the stimulation generation unit correspond 
ing to the region virtual object to generate a stimulation of a 
first intensity. 
0181. On the other hand, if the region virtual object con 
tacting the background virtual object is not included within 
the attention range, then the CPU 201 sets the operation 
setting information for causing the stimulation generation 
unit corresponding to the region virtual object to generate a 
stimulation of a second intensity. Here, the level of the first 
intensity is lower than that of the second intensity. 
0182. In the case where a vibration motor is used to oper 
ate the cutaneous sense stimulation unit 20 according to pulse 
width modulation (PWM) control, two duty ratios are previ 
ously set for outputting different vibration intensities. 
0183 Then, if the region virtual object contacting the 
background virtual object is included within the attention 
range, the CPU 201 sets a low duty ratio to the stimulation 
generation unit corresponding to the region virtual object as 
the operation setting information. 
0184. If the region virtual object contacting the back 
ground virtual object is not included within the attention 
range, then the CPU 201 sets a high duty ratio to the stimu 
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lation generation unit corresponding to the region virtual 
object as the operation setting information. 
0185. When the operation setting information set in this 
manner is output to the stimulation generation unit, if the 
region virtual object contacting the background virtual object 
is included within the attention range, the stimulation genera 
tion unit corresponding to the region virtual object generates 
a relatively low stimulation. 
0186. On the other hand, if the region virtual object con 
tacting the background virtual object is not included within 
the attention range, the stimulation generation unit corre 
sponding to the region virtual object generates a relatively 
high stimulation. 
0187. Accordingly, the user can recognize that the user has 
contacted the background virtual object based on the feel of 
the vibration stimulation. Thus, the user can clearly recognize 
the stimulation in the case of contact to which the user does 
not draw attention because the user receives a high Stimula 
tion in the case of contact outside the attention range. 
0188 In the present exemplary embodiment, the duty ratio 

is used as the operation setting information. However, the 
present invention is not limited to this. 
0189 That is, in the case of performing control of the 
vibration motor with an analog value of input Voltage, the 
level of the stimulation to be output from the stimulation 
generation unit can be controlled by setting a low Voltage 
value and a high Voltage value as the operation setting infor 
mation. 
(0190. Furthermore, the degree (level) of the stimulation 
can be expressed and provided by changing the drive fre 
quency or amplitude with respect to a device used as the 
cutaneous sense stimulation unit 20 according to the type 
thereof. Generally, in the case of applying a mechanical 
stimulation to the skin of a user, the user can most clearly feel 
a stimulation of about 200 Hz. 
0191 In this regard, the degree (level) of the stimulation 
can be changed by changing the frequency in a manner Such 
that the high-intensity stimulation provided in the portion 
outside the attention range is set at around 200 Hz, and the 
low-intensity stimulation provided in the portion within the 
attention range is set at 100 Hz or lower. In this case, the value 
at each frequency is used as the operation setting information. 
0.192 Furthermore, as different stimulations to be pro 
vided according to the present exemplary embodiment, 
stimulations of different patterns can be used. 
0193 FIGS. 10A and 10B are waveform charts corre 
sponding to respective different stimulations. 
0194 FIG. 10A is a chart illustrating continuous stimula 
tion output. FIG. 10B is a chart illustrating an output in which 
the stimulation is provided in a rectangular wave. 
0.195 The pattern of each stimulation can be assigned as 
the stimulation for the contact within the attention range and 
the stimulation for the contact outside the attention range. In 
this regard, it is useful to assign the stimulation pattern in FIG. 
10A for the contact within the attention range and the stimu 
lation pattern in FIG. 10B for the contact outside the attention 
range. 
0196. This is because the continuous contact within the 
attention range can be expressed by using the stimulation 
pattern in FIG. 10A and the stimulation for warning the user 
can be expressed by using the stimulation pattern in FIG.10B. 
0197) That is, in the case where the stimulation generation 
unit is included within the attention range, the CPU 201 
generates the operation setting information for causing the 
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stimulation generation unit to generate a first stimulation. On 
the other hand, in the case where the stimulation generation 
unit is not included within the attention range, the CPU 201 
generates the operation setting information for causing the 
stimulation generation unit to generate a second stimulation. 
The first stimulation and the second stimulation differ from 
each other. 

(0198 In addition, it is also useful if the CPU 201 outputs 
a stimulation in only one of the case of the contact within the 
attention range and the contact outside the attention range and 
does not output a stimulation in the other case. 
0199 As described above, according to the present exem 
plary embodiment, different stimulations can be generated 
and provided between the contact within the attention range 
and the contact outside the attention range. Thus, the present 
exemplary embodiment can expressly provide contact infor 
mation on a region of the body of a user even when the user 
does not draw attention to the contact outside the attention 
range. 
0200. In addition, according to the present exemplary 
embodiment having the above-described configuration, when 
the user receives a highly intense stimulation in the case of 
contact outside the attention range and thus draws attention to 
the stimulated region and changes the position and orienta 
tion of the viewpoint in the virtual space, the contacting 
region comes into the attention range. Thus, in this case, the 
level or amount of stimulation to be provided is changed to 
that in the case of the contact within the attention range. 
0201 Furthermore, according to the present exemplary 
embodiment having the above-described configuration, the 
type of the stimulation to be provided can be smoothly 
Switched between the contact state stimulation for warning 
the user and the stimulation expressing conscious contact by 
dynamically changing the attention range based on the track 
ing information about the HMD 100. Here, the tracking of the 
HMD 100 refers to acquiring the position and orientation 
information about the head of a user or the position and 
orientation information about the display apparatus. 

Second Exemplary Embodiment 

0202) A second exemplary embodiment of the present 
invention is described below. Various methods can be used for 
determining whether the region virtual object is located 
within the attention range. In the second exemplary embodi 
ment of the present invention, the CPU 201 performs image 
processing on a real space image captured by the imaging unit 
101 to determine whether the region virtual object is located 
within the attention range. 
0203 The system according to the present exemplary 
embodiment is similar to that in the first exemplary embodi 
ment. The system according to the present exemplary 
embodiment is different from the first exemplary embodi 
ment in the following points. 
0204 FIG. 11 illustrates an example of a real space image 
captured by the imaging unit 101 according to the present 
exemplary embodiment. 
0205 Referring to FIG. 11, a background virtual object 
305, the arm 1199 of the user 1, and the stimulation genera 
tion unit 10 are included in the real space image 410. Further 
more, a two-dimensional bar code 45 and the marker 40 are 
disposed on the stimulation generation unit 10. The real space 
image 410 further includes the two-dimensional bar code 45 
and the marker 40. 
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0206. In the example illustrated in FIG. 11, the region 
virtual object corresponding to the stimulation generation 
unit 10 contacts the background virtual object 305. The two 
dimensional bar code 45 indicates ID information (e.g., an 
ID) unique to the stimulation generation unit 10. 
0207 Here, any information other than the two-dimen 
sional bar code 45 can be used as the ID information unique 
to the stimulation generation unit 10 if the information can 
indicate the ID information unique to the stimulation genera 
tion unit 10. 

0208. In the present exemplary embodiment, when the 
stimulation generation unit 10 is included in the real space 
image 410 (located within the real space image 410), the CPU 
201 determines that the stimulation generation unit 10 is 
located within the attention range. More specifically, if the 
two-dimensional bar code 45 is detected in the real space 
image 410 and the two-dimensional bar code 45 is success 
fully recognized, then the CPU 201 determines that a stimu 
lation generation unit 10 indicated by the two-dimensional 
bar code 45 and identified by the recognition is located within 
the attention range. 
0209. In the example illustrated in FIG. 11, when the two 
dimensional bar code 45 is detected and recognized, the CPU 
201 can determine that the two-dimensional bar code 45 
indicating the stimulation generation unit 10 is located within 
the real space image 410. Thus, the CPU 201 sets the opera 
tion setting information for the contact within the attention 
range to the stimulation generation unit 10. 
0210. With respect to the range of image processing per 
formed on the real space image 410 to detect the two-dimen 
sional bar code 45, it is useful to perform the image process 
ing for the entire real space image 410 or for a predetermined 
area only by masking an area not to be image-processed. The 
predetermined area can be selected according to the range of 
display by the display unit 102 or set so that pixels in the 
peripheral portion of the image are masked in consideration 
of the range of the central visual field. 
0211. In the example illustrated in FIG. 11, the marker 40 

is provided on the stimulation generation unit 10 to acquire 
the position and orientation of the stimulation generation unit 
10 outside the real space image 410. The marker 40 is pro 
vided on the stimulation generation unit 10 So as to acquire 
the position and orientation about the stimulation generation 
unit 10 outside the real space image 410 (outside the attention 
range) and to determine whether the corresponding region 
virtual object and the background virtual object contact each 
other. 

0212. In the present exemplary embodiment, an image that 
the user 1 actually observes is used to determine whether the 
region virtual object is located within the attention range. 
Accordingly, the result of the determination accords with the 
actual state. 

0213 For example, in the case where another real object is 
located between the stimulation generation unit 10 and the 
imaging unit 101 in FIG. 11, an image of the stimulation 
generation unit 10 is captured behind the real object. In this 
case, the two-dimensional bar code 45 is not recognized. 
Accordingly, the CPU 201 determines that the stimulation 
generation unit 10 indicated by the two-dimensional bar code 
45 is not located within the attention range. In this case, the 
user cannot appropriately verify the position and orientation 
of the stimulation generation unit 10, which is located behind 
the real object. Accordingly, the CPU 201 determines that the 
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stimulation generation unit 10 is located outside the attention 
range. Thus, the result of the determination can accord with 
the actual state. 

Third Exemplary Embodiment 
0214. A third exemplary embodiment of the present inven 
tion is described below. In the case where the stimulation 
generation unit is located on a border between the attention 
range and the portion outside the attention range, it is useful 
to perform the following predetermined method as the pro 
cessing for determining the presence of attention in step 
S4005 (FIG. 4). 
0215 For example, it is useful to use a method for deter 
mining that the user draws attention to contact (that the region 
virtual object contacting the background virtual object is 
located within the attention range) if any part of the stimula 
tion generation unit is located within the attention range. 
0216. In addition, it is also useful to use a method for 
determining that the user draws attention to contact only if the 
entirety of the concerned stimulation generation unit is 
located within the attention range. In this case, if the stimu 
lation generation unit is located on the border, the CPU 201 
determines that the contact occurs outside the attention range. 
In addition, the CPU 201 can determine that a predetermined 
specific state has occurred if the stimulation generation unit is 
located on the border. 
0217. In the case of performing processing for determin 
ing whether the user draws attention to contact by setting an 
attention range in the virtual space as in the first exemplary 
embodiment, the CPU 201 determines that the stimulation 
generation unit is located on the border if the region virtual 
object is located across the border between the attention range 
and the outside of the attention range in the virtual space. 
0218. On the other hand, in the case of performing pro 
cessing for determining whether the user draws attention to 
contact by performing image processing as in the second 
exemplary embodiment, the CPU 201 determines that the 
stimulation generation unit is located on the border if only a 
part of the marker 40 is recognized in the peripheral portion of 
an image. 
0219 FIG. 12 is a flow chart illustrating an example of a 
flow of processing for determining in which of the inside, the 
outside, or the border of the attention range the region virtual 
object contacting the background virtual object is located, 
according to the present exemplary embodiment. 
0220 Here, the processing according to the flow chart of 
FIG. 12 is performed in step S4005 (FIG. 4). In the processing 
described below, in the case of setting an attention range in the 
virtual space using the view volume 55, the CPU 201 deter 
mines in which of the inside, the outside, and the border of the 
attention range the region virtual object contacting the back 
ground virtual object is located. 
0221) Here, in step S4005, the CPU 201 does not process 
all of the region virtual objects but processes the region virtual 
object that has been determined to contact the background 
virtual object in the interference determination processing in 
step S4004. 
0222 Referring to FIG. 12, in step S1201, the CPU 201 
determines whether the entire region virtual object is located 
within the attention range with respect to each region virtual 
object that has been determined to contact the background 
virtual object. The region virtual object determined to be 
located within the attention range for its entirety is processed 
in step S1202. 
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0223) The region virtual object determined not to be 
located within the attention range for its entirety is processed 
in step S1203. 
0224. In step S1202, the CPU 201 records, on the RAM 
202, the ID information (e.g., an ID) unique to the region 
virtual object determined to be located within the attention 
range for its entirety. 
0225. In step S1203, the CPU201 determines whether the 
entire region virtual object, which has been determined not to 
be located within the attention range, is located outside the 
attention range. The region virtual object determined to be 
located outside the attention range for its entirety is then 
processed in step S1204. 
0226. On the other hand, the region virtual object deter 
mined not to be located outside the attention range for its 
entirety is then processed in step S1205. 
0227. In step S1204, the CPU 201 records, on the RAM 
202, the ID information (e.g., an ID) unique to the region 
virtual object located outside the attention range for its 
entirety. In step S1205, the CPU 201 records, on the RAM 
202, the ID information (e.g., an ID) unique to the region 
virtual object located in the border between the attention 
range and the portion outside the attention range (namely, the 
virtual object that has not been extracted as a result of the 
processing in step S1201 or step S1203. 
0228. Then, in step S4006 (FIG. 4), the CPU 201 sets the 
operation setting information for the above-described three 
CaSCS. 

0229. In the case where the region virtual object whose 
entirety is located within the attention range exists or the 
region virtual object whose entirety is located outside the 
attention range exists, the CPU 201 sets the operation setting 
information in a manner similar to that in the first exemplary 
embodiment. 
0230. Furthermore, with respect to the stimulation genera 
tion unit corresponding to the region virtual object located on 
the border between the attention range and the portion outside 
the attention range, the CPU 201 sets the following operation 
setting information. 
0231. For example, the CPU 201 sets operation setting 
information indicating an intensity of a level between the 
intensity level of the stimulation generated by the stimulation 
generation unit corresponding to the region virtual object 
whose entirety is located outside the attention range and the 
intensity level of the stimulation generated by the stimulation 
generation unit corresponding to the region virtual object 
whose entirety is located within the attention range. 
0232. As described above, according to the present exem 
plary embodiment, the CPU 201 sets a higher level of stimu 
lation compared to the stimulation for the attention range in 
the case of contact in the peripheral portion of the attention 
range. Accordingly, the present exemplary embodiment can 
provide a stimulation according to the degree of attention of 
the user. 

Fourth Exemplary Embodiment 

0233. A fourth exemplary embodiment of the present 
invention is described below. In each of the above-described 
exemplary embodiments, the cutaneous sense stimulation 
unit is mounted on the stimulation generation unit to provide 
a cutaneous sense stimulation to the body of a user. 
0234. It is useful to provide an audio stimulation to the 
body of the user by mounting a sound generation unit that 
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generates sound on the stimulation generation unit. In this 
case, a small-sized speaker can be used as the Sound genera 
tion unit. 
0235. It is useful to use a cutaneous sense stimulation to 
notify the contact with the virtual object to the user. However, 
a device that provides a cutaneous sense stimulation may 
require a close contact with the skin of a user. Accordingly, 
the user may be required to perform a complicated operation 
for mounting and dismounting the stimulation generation 
unit. 
0236. On the other hand, the notification of the contact 
with Sound is more advantageous and useful than the method 
using the cutaneous stimulation because it can be mounted 
and dismounted with a simple operation. Also in the case of 
using a sound generation unit instead of a cutaneous sense 
stimulation unit, the CPU 201 varies the volume or content of 
Sound depending on the inside or outside of the attention 
range. Accordingly, the user can become easily aware of 
contact outside the attention range. 
0237. It is also useful to use an external speaker in the case 
of expressing the contact information with Sound. In this case, 
it is more useful if a small-sized speaker is disposed at a 
position close to the contact position so that the contact posi 
tion can be noticed by the user with sound. 
0238. It is further useful if the above-described methods 
using the vibration and the sound are used at the same time. 
0239. In the case of using sound information to notify the 
user of the contact, if different sound is generated during the 
work by the user or if a plurality of users cooperatively per 
form the work, a plurality of Sounds may be generated and 
mixed. In this case, the users may not appropriately hear the 
notification sound. In this case, it is useful to use the cutane 
ous sense stimulation by priority. As described above, the 
stimulation generation unit to be used can be appropriately 
changed according to the state of the work by the user. 

Fifth Exemplary Embodiment 

0240. A fifth exemplary embodiment of the present inven 
tion is described below. In each of the above-described exem 
plary embodiments, in step S4005 (FIG.4), the CPU201 does 
not process all of the region virtual objects but processes the 
region virtual object that has been determined to contact the 
background virtual object in the interference determination 
processing in step S4004. 
0241. In the present exemplary embodiment, the CPU 201 
determines whether the region virtual object is located within 
the attention range before performing processing for deter 
mining whether the region virtual object interferes with the 
background virtual object. 
0242 FIG. 13 is a flow chart illustrating an example of 
processing performed by the calculation processing appara 
tus 200 for controlling an operation of each of the stimulation 
generation units 10, 11, and 12 according to the present exem 
plary embodiment. 
0243 In the example illustrated in FIG. 13, steps that are 
similar to those in FIG. 4 are provided with the same numerals 
and symbols, and a description thereof is not repeated here. 
0244. In step S1304, the CPU 201 determining whether 
the region virtual object is located within the attention range 
with respect to all of the region virtual objects. In the present 
exemplary embodiment, the CPU 201 performs the above 
described processing for determining whether the region Vir 
tual object is located within the attention range. 
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0245. Then, in step S1305, the CPU201 performs process 
ing for determining whether the region virtual object contacts 
the background virtual object with respect to all of the region 
virtual objects. 
0246. In the present exemplary embodiment, the CPU 201 
performs the processing for determining whether the region 
virtual object is located within the attention range before 
performing processing for determining whether the region 
virtual object interferes with the background virtual object, as 
described above. Accordingly, a result of the previous pro 
cessing can be used in the Subsequent processing. 
0247 For example, with respect to the region virtual 
object determined to be located within the attention range, the 
CPU 201 performs processing for determining the presence 
of interference with the background virtual object using 
detailed shape information. 
0248. On the other hand, with respect to the region virtual 
object determined to be located outside the attention range, 
the CPU 201 performs processing for determining the pres 
ence of interference with the background virtual object using 
simple shape information. 
0249 More specifically, in the case of the virtual space 
illustrated in FIG. 6, the CPU 201 performs processing for 
determining whether the region virtual object 311 interferes 
with the background virtual object using information about a 
shape similar to the hand of the user. Furthermore, the CPU 
201 performs processing for determining whether the region 
virtual object 312 interferes with the background virtual 
object using information about a simple shape, such as a 
cylindrical column. 
0250) By controlling the processing for determining the 
presence of contact, the cost for calculating based on the 
determination of the presence of contact outside the attention 
range can be reduced. 
0251 Each of the region virtual object located within the 
attention range and the region virtual object located outside 
the attention range, of the region virtual objects contacting the 
background virtual object, is Subjected to the processing simi 
lar to that in the above-described exemplary embodiments. 

Sixth Exemplary Embodiment 

0252) A sixth exemplary embodiment of the present 
invention is described below. It is useful to set a relatively 
high Stimulation as the stimulation to be generated at the time 
the region virtual object and the background virtual object 
contact each other outside the attention range compared to the 
stimulation to be generated at the time the region virtual 
object and the background virtual object contact each other 
within the attention range, as described above in the first 
exemplary embodiment. 
0253) That is, if the region virtual object contacting the 
background virtual object is included within the attention 
range, then the CPU 201 sets the operation setting informa 
tion for causing the stimulation generation unit correspond 
ing to the region virtual object to generate a stimulation of a 
first intensity. 
0254. On the other hand, if the region virtual object con 
tacting the background virtual object is not included within 
the attention range, then the CPU 201 sets the operation 
setting information for causing the stimulation generation 
unit corresponding to the region virtual object to generate a 
stimulation of a second intensity. Here, the level of the first 
intensity is lower than that of the second intensity. 
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0255. However, in the case where a high stimulation is 
continuously generated with respect to the contact outside the 
attention range, the high stimulation continues to be provided 
to the user even after the user has recognized the contact. 
0256 In this regard, for example, in the example illus 
trated in FIG. 1, if the user 1 performs a work or verification 
after having recognized the contact with the virtual object by 
the knee, then the user 1 may feel uncomfortable with the 
continuously provided stimulation if the user 1 is subjected to 
a continuous high Stimulation on the knee. In this regard, in 
the present exemplary embodiment, the CPU 201 generates 
the stimulation to be generated at the time the region virtual 
object and the background virtual object contact each other 
outside the attention range, only for a predetermined time 
period from the start of the contact. 
0257 FIG. 14 is a chart illustrating, on the time series, 
exemplary intensity levels of stimulations generated in the 
case where the contact between a region virtual object and a 
background virtual object is continued outside the attention 
range, according to the present exemplary embodiment. 
0258. In the example illustrated in FIG. 14, the contact 
between the region virtual object and the background virtual 
object has occurred at the time of Zero second. 
0259 Referring to FIG. 14, in the present exemplary 
embodiment, the CPU 201 lowers the degree of the stimula 
tion intensity from a first degree to a second degree after a 
predetermined length of time has elapsed from the start of the 
contact (in FIG. 14, 1.5 seconds after). With this control, the 
present exemplary embodiment can achieve both an effect for 
causing the user to easily recognize the contact with the 
virtual object outside the attention range and an effect of 
Suppressing the inconvenience of the user of being Subjected 
to a high continued stimulation. 
0260 Here, it is useful if the first degree stimulation inten 
sity is set higher than the stimulation intensity for the contact 
within the attention range. 
0261 That is, in the present exemplary embodiment, the 
operation setting information for causing the stimulation gen 
eration unit to generate the stimulation of the second intensity 
is the operation setting information for causing the stimula 
tion generation unit to generate the second degree intensity 
stimulation only within a predetermined length of time. 

Seventh Exemplary Embodiment 
0262. A seventh exemplary embodiment of the present 
invention is described below. In the above-described exem 
plary embodiments, the region virtual object is disposed 
according to the position and orientation of the stimulation 
generation unit for performing the processing for determining 
whether the stimulation generation unit and the background 
virtual object interfere with each other. Furthermore, the CPU 
201 performs processing for determining whether the region 
virtual object interferes with the background virtual object. In 
the above-described exemplary embodiments, the CPU 201 
uses the region virtual object to determine whether the stimu 
lation generation unit is located within the attention range. As 
described above, the above-described exemplary embodi 
ments use the region virtual object to reflect the actual state of 
the real space into the virtual space. Thus, the above-de 
scribed exemplary embodiments can perform each determi 
nation processing described above. 
0263. However, such a method may not be so useful in 
terms of the costs for calculation. In this regard, in the present 
exemplary embodiment, the CPU201 acquires the position of 
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each cutaneous sense stimulation unit and reflects the 
acquired positional information in the virtual space. 
0264. For example, in the case where a cutaneous sense 
stimulation unit is mounted on each finger portion of the 
glove-like shaped stimulation generation unit, the CPU 201 
reflects the position of each cutaneous sense stimulation unit 
in the virtual space as a point. Then, the CPU 201 uses the 
point as the region virtual object. 
0265. As described above, according to the present exem 
plary embodiment, the costs for calculation can be smaller 
than those in the above-described exemplary embodiments 
because the present exemplary embodiment does not use a 
large-volume region virtual object. 
0266 On the other hand, in the case where a large number 
of cutaneous sense stimulation units are used, it is difficult for 
the CPU 201 to acquire the position of each cutaneous sense 
stimulation unit in the real space. Accordingly, in this case, 
which of the configurations described in the above exemplary 
embodiments is to be used can be determined according to the 
purpose of use thereof. 
0267. Here, in the present exemplary embodiment, 
because the real space information to be reflected in the 
virtual space is expressed as a point having no volume, it is 
useful to acquire only the positional information about the 
cutaneous sense stimulation unit. That is, in this case, because 
it is not necessary to use the orientation information, a sensor 
having three degrees of freedom can be used instead of the 
position and orientation sensor. 

Eighth Exemplary Embodiment 

0268 An eighth exemplary embodiment of the present 
invention is described below. In the above-described exem 
plary embodiments, the region virtual object has a shape 
similar to that of the stimulation generation unit in the real 
space. However, the shape is not limited to this. 
0269. For example, in the case ofusing a glove-like shaped 
stimulation generation unit, the shape of the region virtual 
object disposed according to the position and orientation of 
the stimulation generation unit can be a cylinder-like shape. 
0270. In addition, as the region virtual object disposed 
according to the position and orientation of the glove-like 
shaped stimulation generation unit, a virtual object having a 
shape like a handholding a work tool can be used. In this case, 
the virtual object can be actually displayed as well as used in 
the processing for determining the presence of an interference 
with the background virtual object and the processing for 
determining whether the contact has occurred within the 
attention range. Accordingly, the user can perform a work and 
a verification using a virtual work tool. 
0271 Furthermore, in the above-described exemplary 
embodiments, the stimulation generation unit has a shape 
suitable for being mounted on a human body. However, the 
present invention is not limited to this. 
0272 That is, it is useful if a plurality of cutaneous sense 
stimulation units is disposed in a stick-like shaped stimula 
tion generation unit. In this case, the CPU 201 sets a shape of 
a work tool Such as a screwdriver or a wrench as the shape of 
the region virtual object to set the shape different from that of 
the actual stimulation generation unit and displays the same. 
0273. Accordingly, the user can virtually experience a 
work to be performed with a work tool. If a grip type stimu 
lation generation unit is used, an intuitive operational feeling 
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felt by the body of the user may be lost but the operation to 
wear Such a grip type stimulation generation unit can be 
simplified. 
0274. In addition, the present exemplary embodiment hav 
ing the above-described configuration can cause the user to 
effectively perform a simulation of an actual work in the 
virtual space. 

Ninth Exemplary Embodiment 

0275 A ninth exemplary embodiment of the present 
invention is described below. In the above-described exem 
plary embodiments, the HMD 100 is used as an example of a 
head-mounted type display apparatus. However, it is useful to 
use a display apparatus other than the HMD 100 as a head 
mounted type display apparatus. Furthermore, a display 
apparatus other than the head-mounted type display appara 
tus can be used. 
0276 That is, any display apparatus that is capable of 
identifying the line-of-sight direction by head tracking or 
capable of tracking the virtual line-of-sight direction by 
tracking the display apparatus itself can be used. 
0277 As an environment in which the head tracking 
method can be implemented, a system for performing a ste 
reoscopic vision using a large-sized display and polarization 
glasses. In this case, the attention range can be set based on 
the position and orientation of the polarization glasses. 

Tenth Exemplary Embodiment 

0278 A tenth exemplary embodiment of the present 
invention is described below. In the above-described exem 
plary embodiments of the present invention, the stimulation 
to be generated at the time the region virtual object and the 
background virtual object contact each other outside the 
attention range is set higher than the stimulation to be gener 
ated at the time the region virtual object and the background 
virtual object contact each other within the attention range. 
0279. However, in the case of using the cutaneous sense 
stimulation unit including a vibration motor, the intensity 
actually felt by the user may differ depending on the position 
of mounting of the cutaneous sense stimulation unit on the 
body of the user even when the stimulation of the same 
intensity is provided. 
0280 For example, the finger of a human can sensitively 
react to the stimulation but the knee or the elbow of a human 
cannot react to the stimulation as sensitive as the finger can 
do. Accordingly, in the case of mounting a cutaneous sense 
stimulation unit on different regions of the body of a user, it is 
useful if each region is previously caused to contact the Vir 
tual object and a value at which the user feels the intensity of 
the stimulation as the same is set as a reference intensity for 
each region. 
0281. Then, by setting different values for the stimulation 
intensity for each region for the contact within the attention 
range and the contact outside the attention range based on the 
reference intensity, the contact between the virtual object and 
any region of the whole body of the user can be clearly 
provided according to whether the contact has occurred 
within the attention range. 
0282. Here, the present exemplary embodiment uses the 
stimulation generation intensity is used for controlling the 
operation of the stimulation generation unit. However, the 
present invention is not limited to this. That is, a pattern of 
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providing a stimulation or a frequency can be used as the 
method for controlling the operation of the stimulation gen 
eration unit. 
0283. Furthermore, the above-described exemplary 
embodiments can be used in combination with each other 
where appropriate. 

Other Exemplary Embodiments 
0284. The present invention can also be achieved by pro 
viding a system or a device with a storage medium (or a 
recording medium) which stores program code of Software 
implementing the functions of the embodiments and by read 
ing and executing the program code stored in the storage 
medium with a computer of the system or the device (a CPU 
or an MPU). 
0285. In this case, the program code itself, which is read 
from the storage medium, implements the functions of the 
embodiments mentioned above, and accordingly, the storage 
medium storing the program code constitutes the present 
invention. 
0286. In addition, the functions according to the embodi 
ments described above can be implemented not only by 
executing the program code read by the computer, but also 
implemented by the processing in which an operating system 
(OS) or the like carries out a part of or the whole of the actual 
processing based on an instruction given by the program 
code. 
0287 Further, after the program code read from the stor 
age medium is written in a memory provided in a function 
expansion board inserted in the computer or in a function 
expansion unit connected to the computer, a CPU and the like 
provided in the function expansion board or the function 
expansion unit can carry out a part of or the whole of the 
processing to implement the functions of the embodiments as 
described above. 
0288. In the case where the present invention is imple 
mented on the above-described recording medium (storage 
medium), the recording medium stores the program code 
corresponding to the processing in the flow charts described 
above. 
0289 While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
modifications, equivalent structures, and functions. 
0290 This application claims priority from Japanese 
Patent Application No. 2007-234713 filed Sep. 10, 2007, 
which is hereby incorporated by reference herein in its 
entirety. 
What is claimed is: 
1. An information-processing apparatus configured togen 

erate an image in a virtual space including a virtual object 
based on position and orientation information about a view 
point of a user, the information-processing apparatus com 
prising: 

an acquisition unit configured to acquire positional infor 
mation about a stimulation generation unit, which 
stimulation unit is arranged so as to be capable of apply 
ing stimulation to a body of the user; 

a determination unit configured to determine whether the 
virtual object and the stimulation generation unit contact 
each other based on position and orientation information 
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about the virtual object and the positional information 
about the stimulation generation unit, 

and to determine whether the stimulation generation unit is 
included within an attention range to which the user 
draws attention from the viewpoint if it is determined 
that the virtual object and the stimulation generation unit 
contact each other, and 

an output unit configured to generate operation setting 
information for controlling an operation of the stimula 
tion generation unit according to a result of determina 
tion by the determination unit and to output the gener 
ated operation setting information to the stimulation 
generation unit. 

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

a unit configured to acquire an image in a real space as 
viewed from the viewpoint; and 

a unit configured to output a combined image generated by 
combining the image in the real space and the image in 
the virtual space to a display apparatus. 

3. The information-processing apparatus according to 
claim 2, wherein the determination unit is configured to deter 
mine whether the stimulation generation unit is included 
within the attention range by determining whether the stimu 
lation generation unit is included within the image in the real 
Space. 

4. The information-processing apparatus according to 
claim 1, wherein the determination unit includes: 

a unit configured to acquire viewpoint information about 
the viewpoint including the position and orientation 
information about the viewpoint; and 

a unit configured to generate information indicating the 
attention range based on the viewpoint information. 

5. The information-processing apparatus according to 
claim 1, wherein, if it is determined by the determination unit 
that the stimulation generation unit is included within the 
attention range, the output unit is configured to generate 
operation setting information for causing the stimulation gen 
eration unit to generate a first stimulation, 

wherein, if it is determined by the determination unit that 
the stimulation generation unit is not included within the 
attention range, the output unit is configured to generate 
operation setting information for causing the stimula 
tion generation unit to generate a second stimulation, 
and 

wherein the first stimulation and the second stimulation 
differ from each other. 

6. The information-processing apparatus according to 
claim 5, wherein the operation setting information for causing 
the stimulation generation unit to generate the second stimu 
lation includes operation setting information for causing the 
stimulation generation unit to generate the second stimulation 
only within a predetermined length of time. 

7. An information-processing apparatus configured togen 
erate an image in a virtual space including a virtual object 
based on position and orientation information about a view 
point of a user, the information-processing apparatus com 
prising: 

a unit configured to acquire positional information about a 
stimulation generation unit, which stimulation genera 
tion unit is arranged so as to be capable of applying 
stimulation to a body of the user; 
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a determination unit configured to determine whether the 
stimulation generation unit is included within an atten 
tion range to which the user draws attention from the 
viewpoint; 

a unit configured to, according to a result of determination 
by the determination unit, control processing for deter 
mining whether the virtual object and the stimulation 
generation unit contact each other based on position and 
orientation information about the virtual object and the 
positional information about the stimulation generation 
unit; and 

an output unit configured to generate operation setting 
information for controlling an operation of the stimula 
tion generation unit according to a result of determina 
tion by the determination unit and a result of determina 
tion as to whether the virtual object and the stimulation 
generation unit contact each other, and to output the 
generated operation setting information to the stimula 
tion generation unit. 

8. The information-processing apparatus according to 
claim 1, wherein the stimulation generated by the stimulation 
generation unit includes a cutaneous sense stimulation and a 
Sound stimulation. 

9. A method for controlling an information-processing 
apparatus configured to generate an image in a virtual space 
including a virtual object based on position and orientation 
information about a viewpoint of a user, the method compris 
ing: 

acquiring positional information about a stimulation gen 
eration unit arranged so as to be capable of applying 
stimulation to a body of the user; 

determining whether the virtual object and the stimulation 
generation unit contact each other based on position and 
orientation information about the virtual object and the 
positional information about the stimulation generation 
unit; 

determining whether the stimulation generation unit is 
included within an attention range to which the user 
draws attention from the viewpoint if it is determined 
that the virtual object and the stimulation generation unit 
contact each other, and 

generating operation setting information for controlling an 
operation of the stimulation generation unit according to 
a result of determination as to whether the stimulation 
generation unit is included within the attention range, 
and outputting the generated operation setting informa 
tion to the stimulation generation unit. 

10. A method for controlling an information-processing 
apparatus configured to generate an image in a virtual space 
including a virtual object based on position and orientation 
information about a viewpoint of a user, the method compris 
ing: 

acquiring positional information about a stimulation gen 
eration unit arranged so as to be capable of applying 
stimulation to a body of the user; 

determining whether the stimulation generation unit is 
included within an attention range to which the user 
draws attention from the viewpoint; 

according to a result of determination as to whether the 
stimulation generation unit is included within the atten 
tion range, controlling processing for determining 
whether the virtual object and the stimulation generation 
unit contact each other based on position and orientation 
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information about the virtual object and the positional 
information about the stimulation generation unit; and 

generating operation setting information for controlling an 
operation of the stimulation generation unit according to 
a result of determination as to whether the stimulation 
generation unit is included within the attention range 
and a result of determination as to whether the virtual 
object and the stimulation generation unit contact each 
other, and outputting the generated operation setting 
information to the stimulation generation unit. 

11. An information-processing apparatus configured to 
provide a virtual space including a virtual object to a user and 
to control a stimulation generation unit configured to generate 
a stimulation indicating contact between the user and the 
virtual object, the information-processing apparatus compris 
ing: 

a contact determination unit configured to determine a state 
of contact between the virtual object and the user; 

an attention determination unit configured to determine 
whether the virtual object is included within a space 
calculated based on a viewpoint of the user, using posi 
tional information about the virtual object and viewpoint 
information about the viewpoint of the user; and 

a control unit configured to control the stimulation genera 
tion unit according to a result of determination by the 
contact determination unit and a result of determination 
by the attention determination unit. 

12. A method for controlling an information-processing 
apparatus configured to provide a virtual space including a 
virtual object to a user and to control a stimulation generation 
unit configured to generate a stimulation indicating contact 
between the user and the virtual object, the method compris 
ing: 

determining a state of contact between the virtual object 
and the user; 

determining whether the virtual object is included within a 
space calculated based on a viewpoint of the user, using 
positional information about the virtual object and view 
point information about the viewpoint of the user; and 

controlling the stimulation generation unit according to a 
result of determination as to the state of contact between 
the virtual object and the user and a result of determina 
tion as to whether the virtual object is included within 
the space. 

13. A computer-readable medium storing a computer pro 
gram for causing a computer to perform a method compris 
ing: 

acquiring positional information about a stimulation gen 
eration unit arranged so as to be capable of applying 
stimulation to a body of the user; 

determining whether a virtual object and the stimulation 
generation unit contact each other based on position and 
orientation information about the virtual object and the 
positional information about the stimulation generation 
unit; 

determining whether the stimulation generation unit is 
included within an attention range to which the user 
draws attention from a viewpoint of the user if it is 
determined that the virtual object and the stimulation 
generation unit contact each other; and 

generating operation setting information for controlling an 
operation of the stimulation generation unit according to 
a result of determination as to whether the stimulation 
generation unit is included within the attention range, 
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and outputting the generated operation setting informa 
tion to the stimulation generation unit. 

14. A computer-readable medium storing a computer pro 
gram for causing a computer to perform a method compris 
ing: 

acquiring positional information about a stimulation gen 
eration unit arranged so as to be capable of applying 
stimulation to a body of the user; 

determining whether the stimulation generation unit is 
included within an attention range to which the user 
draws attention from a viewpoint of the user; 

according to a result of determination as to whether the 
stimulation generation unit is included within the atten 
tion range, controlling processing for determining 
whether the virtual object and the stimulation generation 
unit contact each other based on position and orientation 
information about the virtual object and the positional 
information about the stimulation generation unit; and 

generating operation setting information for controlling an 
operation of the stimulation generation unit according to 
a result of determination as to whether the stimulation 
generation unit is included within the attention range 
and a result of determination as to whether the virtual 
object and the stimulation generation unit contact each 
other, and outputting the generated operation setting 
information to the stimulation generation unit. 

15. A computer-readable medium storing a computer pro 
gram for causing a computer to perform a method compris 
ing: 
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determining a state of contact between a virtual object and 
a user, 

determining whether the virtual object is included within a 
space calculated based on a viewpoint of the user, using 
positional information about the virtual object and view 
point information about the viewpoint of the user; and 

controlling a stimulation generation unit configured togen 
erate a stimulation indicating contact between the user 
and the virtual object according to a result of determi 
nation as to the state of contact between the virtual object 
and the user and a result of determination as to whether 
the virtual object is included within the space. 

16. An information-processing apparatus configured to 
provide a virtual space including a virtual object to a user and 
to control a stimulation generation unit configured to generate 
a stimulation indicating contact between the user and the 
virtual object, the information-processing apparatus compris 
ing: 

a contact determination means for determining a state of 
contact between the virtual object and the user; 

an attention determination means for determining whether 
the virtual object is included within a space calculated 
based on a viewpoint of the user, using positional infor 
mation about the virtual object and viewpoint informa 
tion about the viewpoint of the user; and 

a control means for controlling the stimulation generation 
unit according to a result of determination by the contact 
determination unit and a result of determination by the 
attention determination means. 

c c c c c 
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