.‘.\

10

15

20 .

25

30

' TITLE OF THE INVENTION -

" Interface apparatus

BACKGROUND OF THE INVENTION

The present invention relates to an interface apparatus for input
and outpui: of information apparatus such as computer ‘and word processor
and appliance having a display such as television.

In a kind of conventional interface apparatus, it is designed to

display a cursor at a coordinate position detected by the mouse on a display

screen, for adding some other information to the information in the display

device, or changing or selecting the displayed information.
Fig. 30 shows an outline of this conventional interface apparatus. In

Fig. 30, reference numeral 501 denotes a host computer, and 502 is a display,

and virtual operation buttons 5083, 504, 505 are displayed imthe display 502

by the host eompﬁter 501. Reference numeral 506 represents a mouse cursor,

synch:ronism with the move of the mouse 507, on the basis of the moving

_and the host computer 501 controls the display so as to move in the screenin .

distance of the mouse 507 detected by the mouse 507. As the user moves the .

mouse 507, the mouse cursor 506 is moved to the position of a desired
virtual operation button in the display screen; and by preséing a switch 508

on the mouse 507, an operation button is selected so as to instruct action to

' the host computer 501.

- In this conventional constructmn, however the mouse or the input

“device i is necessary in addition to the main body of the appliance, and a table

or area for manipulating the mouse is also needed, which is not suited to

portable information appliance or the like. Besides, by manipulation

throu'gh the mouse, it is not a direct and intuitive _interface.

SUMMARY OF THE INVENTION

It is an object of the invention to present an interface apparatus
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capable of manipulating an appliance easﬂy without requiring 1nput device
such as keyboard and mouse. It is other object thereof to present an
interface apparatus further advanced in the ease of manipulation of
indicating or catching the display object bj judging interactions along the |
intent of the operator sequentlally and automatically.

In structure, the invention provides an 1nterface apparatus
comprising recogmzmg means for recognizing the shape of a hand of an

operator, display means for displaying the features of the shape of the hand

* recognized by the recognizing means on the screen as a special shape, and

control means -fo_'r controlling the information displayed in the screen by the
special shape displayed in the screen by the display means, whereby the
information displayed in the screen can be oontrolled only by varying the
shape of the hand. ' _

It is a further object to preaent an interface apparatus much superior '
in ease of manipulation by recognizing also the move of the hand. To

recognize the move, a frame memory for saving the image picking up the

_shape or move of the hand, and a reference image memory for storing the

image taken before the image saved in the frame memory as reference
image are provided, and it is achieved by depicting the difference between

the image in the frame memory and the reference image stored in the’

' reference image memory. In other method of recognition, the shape or move

of the hand of the user in the taken image is depicted as the contour of the _
user,' and its contour is traced, and the relation between the angle of the
contour line and the length of contour line, that is, the contour Waveform 1s'

calculated and ﬁltered and the shape waveform expressing the specified

| shape is generated.

Moreover, comprising cursor display means for displaying a feature

of the shape of a hand on the screen as a special shape and manipulating as

cursor, means for storing the -relation with display object other than cursor

displays the coordinates and shape of the representative poi%
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the position of the display object other than cursor display, and means for

calculating and judging the interactionl of the cursor display and the display

ob]ect ‘manipulation is realized smoothly by the interactions along the

intent of the operator when gripping the displayed virtual object in the case

of dlspla_y of cursor display as v1rtua_l manipulator.

In _the'interface apparatus thus constructed, as the usér faces the
recognizing meéns and shows, for example, a hand, the special shape
corresponding to the shape of the hand is displayed as an icon in the screen
for screen manipulation, so that control according to the icon- display is
enabled. - - | ' |

Or when instructed by hand gesture, the given hand gestufe is
displayed as a special shape set corresponding to the shape of the hand on
the display screen, and its move is also displayed, and, for examplé, a virtual
switch or the like displayed on the display screen can be’selected by the
hand gesture, or the display object dispiaye_d on the screen can be grébbed or
ca_rriéd depending _dn the .pux"pose, and therefore without requiring mouse or
other input de\_'ice, a very simple manipulation of appliance is realized.

- It is further possible to realize the interface much enhanced in the

ease of manipulation by 'sequentially and automatically judging the

interaction with the display o‘bject desired to be operatéd by the virtual
manipulator according to the intent of operation of the operator, as the
special shape set corresponding to the shape of the hand works as virtual

manipulator aside from the mere cursor.

: BRIEF DESCRIPTION OF THE DRAWINGS

Flg 1is an appearance drawmg of an interface apparatus 1n a first

embodlment of the invention;

Fig. 2 is a detailed block diagfam of the interface apparatus in the

same embodiment of the invention;

Fig. 3 is a diagram showing an example of shape of hand judged by
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the mterface apparatus 1n the same embodiment of the invention;
Fig 4'is a diagram showing an example of shape 1dent1fymg means

of the mterface apparatus in the same embodiment of the invention;

‘Fig. 5 is a diagram showing an example of operation by an image |

difference operation unit in the same embodiment; o
Fig. 6 is a diagram showing an example of icon generated by an icon

generating unit in the same embodiment; |

| Fig 7 is an appearance drawing showing an operation example of

the mterface apparatus of the same embodiment;

Fig. 8 is an appearance drawmg of an interface apparatus in a _

second embodiment of the invention'

Fig. 9 is detailed block diagram of the interface apparatus in the'

second embodiment of the invention; _

Fig. 10 is a diagram showing an example of shape ofthand Judged by
the interface apparatus of the same embodiment;

Fig. 11is a diagram showing an example of motion recognizing unit
of the interface apparatus of the same embodiment‘ '.

Fig. 12 is a diagram showmg an example of operation by an image
d1fference operation unit in the same embodiment;

Fig. 13 1s a diagram showmg an operation example of the same
embod.tment

: Fig 14 is a detailed block diagram of an 1nterface apparatus in a_
. third embodiment of the invention;

Fig. 15 is a diagram showing an example of motion recognizing unit
of the interface apparatns in the third embodiment of the invention;
' Fig. 16 (A) to (D) are diagrams showing examples of icon displayed
on a display screen by the interface apparatus of the same embodiment;
Fig. 17 is a diagram showing operation of motion recognizing unit of
the interface apparatus in the same embodiment of the invention;

F1g 18 is a diagram showing operation of motion recognizing unit of
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" the interface apparatus in the same embodiment of the i_nvention;

- Fig. 19 is a diagram showing operation of motion recognizing unit of
the interface apparatus in the same embodiment of the invention;

Fig. 20 is a diagram éhbwing operation of motion recogru'zing unit of

“the interface apparatus in the same embodiment of the invention;

Fig. 21 is a diagrarn showing an-interface apparatus explaining 'a_
fourth embodiment; |

F1g 22 (a) is a diagram showing an open state of cursor in an -

example of a cursor used in the interface apparatus of the same

embudiment; _ _

(b)is a diagram showing a closed state of the same embodiment;

(c) is a diagram showing an open state of cursor in an example of a
cursor used in the interface apparatué_of the same embodiment;

(d) is a diagram showing a closed state of the same embodiment;

| (e)is a diagram showing an open state of cursor in an example of a

cursor used in the interface apparatué of the same er_nbodiment;

(f) is a diagram showing a closed state of the same embodiment;

Fig. 23 (a) is a diagram showing the shape of an example ot' a virtual
object used in the interface apparatus of the same embodiment;

M) is a dlagram showmg the shape of other example of a v1rtua1

. object used in the interface apparatus of the same embodiment;

Fig. 24 (a) is a front view showmg conﬁguratlon of cursor and virtual
object in a virtual space; '

(b) is a side view showing conﬁguration of cursor and virtual object

in a virtual space;

Fig. 26 is a diagram showing a display example of virtual space for

: explammg the embodlment

Fig. 26 is a block diagram showmg an example of the interface

apparatus of the same embodiment;

. Fig. 27 (a) is a diagram showing an example of input device in input |
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_means used in the interface apparatus of the same embodiment;

(b)isa diagram showing an example of input device in mput means
used in the interface apparatus of the same embodlment, |
| {c) is a diagram showing an”example of input device in input means
used in the mterface apparatus of the same embodiment;

- Fig. 28 (a) is a diagram showmg an example of image of a hand

taken by a camera in the same embodlment,

(b)isa diag_ram'sh_owing_ a binary example of imagé of & hand taken

| by a camera in the same embodiment;
10 -

Fig. 29 (a) is a diagram showing an example of image displayed by

~ display means used in the interface apparatus in the same embodiment of

the invention; _
(b)isa diagram showing a second éxample of the display screen;
- (d) is a diagram showilig a third éxample of the display screen;
(d) is.a diagram showing a fourth example of the display screen; and
Fig. 30 is an explanatory diagram for explaining a conventiox_ial

interface apparafus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First embodiment)

A first embodiment of the invention relates to an interface
r:omp'rising recognizing means such as image pickup device for reqognizing |
the shape of a hand of the op_era'tor, display means for displaying the feature
of the shape of the hand recognized by the recognizing means on a screen as
a special shap_a by an icim or the like, and control means for controlling the

information displayed on the screen by varying the shape ‘of the hand by

~ operating the special shape such as icon displayed on the screen by the

display means as the so-called cursor. |
Fig. 1 shows the appearance of the first embodiment of the interface

apparatus of the invention. Reference numeral 1 denotes a host computer, 2
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contour shape may be easily depicted.

is a display unit, and 3is a. CCD camera for picking up an image. The CCD
camera 3 has the pickup surface Iocated in the same direction as the display
direction, so that the shape of the hand of the user can be picked up when
the user confronts the display screen. On the display, menu 201, 202, and

icon 200 reflecting the shape of the hand are displayed.

Fig. 2 is a detailed block d1agram of the invention. The image fed in
from the CCD camera is stored i in a frame memory 21.In a reference i image
memory 25, a background image -not. including person taken previously is
stored as reference image. The reference image may be updated whenever as
required. _ |
| ‘Shape identifying means 22 depicts the difference of the image saved

in the frame memory and the image stored in the reference image memory,

~ and removes the background image from the image, depicts, for example, .

. the portion corresponding to the hand of the user, and judges if the shape is,

for example, one ﬁnger as shown in Fig. 3 (A), two fingers as shown in Fig. 3
(B), or three fingers as_shown in Fig. 3 (C). . '
Fig. 4 shows a detailed example of the shape identifying means 22,

- which comprisés an image difference operation unit 221, a contour depicting

unit 222, and a shape identifying unit 223.
‘Thé image difference operation unit 221 calculates the difference of
the image saved in the frame memory and the image stored in the reference

image inemofy as mentioned above. As a result, the objéct to be detected, for

. example, the user, can be separated from the background portion. For
" example, when the image difference operation unit 221 is composed of a

* simple subtraction circuit, as shown in Fig. 5, only the portion of the hand of

the user in the image in the frame memory can be depicted. The contour

‘depicting unit 222 depicts the contour shape of the object existing in the

image as a result of operation by the image difference operation unit 221. As

a practical method, for example, by depicting the edge of the image, the .

e
"l
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The shape identifying unit 223 identifies specifically the contour
shape of the hand depicted by the contour depicting unit 222,and judges if |

~ the shape 1 1s, for example, one finger as shown in Fig.3 (A) or two fingers as

matching, matching technique with shape model, and neural network may

" be employed, ameng others.

_ An icon generating unit 24 gelierates an icon image as a special
shape to be shown in the display, on the basis of tl1e result of identif'ying the
hand shape by the shape identifying unit 223. For example, when the result
of identifying the shape of the hand was one finger, erl icon of numeral "1"is
geneiate(l as shown in Fig.6 (A), or in the case of two fingers, an icon of
numer_a.l "2" is created as in Fig. 6 (B). As the shape of the icon, alternatively,
when the result of identifying the shape of the hand was one finger, an icon
of one finger may be shown as shown in Fig. 6 (C), or in’the case of two

fingers, an icon of two fingers may be created as shown in Fig. 6 (D). A

-display controller 23 controls the displasr on the basis of the result of

identifying' the shape of the hand by the shape identifying unit 223. For
example, while displaying the icon according to the result of identifying, the

menu previously corresponding to the result of identifying is displayed by

emphasis on the basis of the hand shape identifying result.

In this embodiment of the invention, an example of operations

described below. As shown in Fig. 7 (A), when the user confronts the
appliance having the i_nterface apparatus of the invention and points out one
finger, an-icon of numeral "1" is shown on the display,-and the display of
television on the first menu ie shown by emphasis. At this time, by using
sound or voice from the displajr device in tune with the emphasis display,.

the attention of the operator may be attracted. Herein, by pointing out two

fingers as in Fig. 7 (B), an icon of numeral "2" is shown on the display and

‘the display of network on the second menu is shown by emphasis. In this

state, by maintaining the same hand shape for a specific time, the second

shown in Fig. 3 (B). As the shape 1dent1fy1ng method, for example, template
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*menu is selected, and an instruction is given to the host computer so as to

display the network terminal. For selection of menu, sound or the like may

be used at the same time. In the case of hand shape different from those

_-determined prehmmanly as in Fig. 7 (C), icon and menu are not shown on

the display, and no instruction is given to the host computer

Thus, according to the invention, by identifying the shape of the
hand in the taken.image, it is possible to control the computer or appliance
on the basis of the result of identifying, and it is possible. to manipulate
without making contact _from a remote distance without using keyboard,
mouse or other device. Besides, as the result of identifying the shape of the
hand. is reflected in the screen, the user can manipulate while confirming
the result of identifying, and ease and secure manipulation is possible.

In this embodiment, this is an example of applying in selection of
menu, but by pressing so that the icon display according to’a specific shape
of hand may be replaced by picture or message, it is also possible to control
display and writing of picture or message.

(Second embodiment)

A second embodiment of the 1nvent1on relates to an interface
apparatus comprising a frame memory composed at least of an image pickup
unit, a motion recognizing unit for recognizing the shape or move of an
object in a taken picture, and a display unlt'for- displaying the shape or move
of the object i'ecognized by the motion recognizing unit, for storing the image
taken by the image pickup unit, and a reference image memory for stori'ng

the image taken before the image saved in the frame memory as reference

image, wherein the motion recognizing unit comprises an image change

depicting unit for depicting the difference between the image in the frame

memory and the reference image stored in the l‘eference image memory.
Fig. 8 shows the appearance of the second embodiment of the
interface apparatus of the invention. In Fig. 8, same constituent elemeénts as

in the first embodiment are identified with same reference numerals. That |
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is, reference 1is a host computer, 2 is a diéplay unit, and 3 is a CCD camera |

for plckmg up an image. The CCD camera 3 has an image pzckup surface
located in the same direction as the display dJrectlon so that the hand

gesture of the user can be picked up as the user confronts the display surface._

On the display surface of the display unit 2, virtual switches 204, 205,206,
and an icon of an arrow cursor 203 for selecting the virtual switches are
displayed. |

Fig9 is a block d1agram showmg a spemﬁc const1tut1on of the

embod1ment The i image fed through the CCD camera 3 is saved in a frame |

memory 21. A preliminarily taken image is stored in a reference image
memofy 25 as a reference image. A reference image updating unit 26 is
composed of a timer 261 and an image updating unit 262, and is designed to
update the reference image by transferring the latest image étored in the
frame memory 21 to the reference image memory 25 at'a specific time
mterval 1nd1<:ated by the timer 261. .

An motion recognizing unit 22 depicts the dlfference between the
im’ége sa_ved in the frame memory and the image stored- in the reference

image memory, and eliminates the bat:kground iniage from the image, and

_depiqts the portion corresponding, for example, to the hand of the user, and

also judges if the shape is one finger as shown in Fig. 10 (A) or a fist as
shown in Fig. 10 (B). ' |

_ -Fig. 11 shows a detailed example of the motion recognizing unit 22,
being composed of an image difference operation unit 221, a contour
depicting unit 222, a shape change -identifying unit 225, and a position
detector 224. __

The image difference operation unit 221 calculates the difference
between the image saved in the ﬁamé memory. 21 and the image stored in
the referencé image memory 25 as méntioned abbve. Consequently, the
object desired to'b_e'depicted as motion, foxj éxample, the hand portion of the

user, can be separated from the background portion, and only the moving
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object image can be depicted at the same time. For example, when the image

difference operation unit 221 is composed of a mere subtraction circuit, as

- shown in Fig.12, the hand portior_l in the reference image and only the hand

portion of the latest image in the frame memory can be depicted, so that only

the mov'ing hand portion can be easily identified. The contour depicting

- portion 222 depicts the object existing in the image as the result of operé.tion

by the image difference operation unit 221, that is, the contour shape of the
han&lporti_dn before moving and after moving. As an example of practical
method, by depicting the edge of the image, the conf,oﬁ.r shape can be eaéily
depicted. . - |

The shape change identifying unit 225 identifies the detail of the’
contour shape of the hand -portibn after moving being depicf;ed by the-
contour depicting unit 222, and judges if the shape is, for e'ﬁ:ample, a finger -
as shown in Fig. 10 (A), or a fist as. shown in Fig.10 (B). At-the same time,
the position detector 224 calculates the coordinates of the center of gravity of
the contour shape of the hand portion of .ﬁhe user after moving.

An icon generating unit 24 generates an icon image to be shown on

the displ_ay on the basis of the result of identifying the hand shape by the

. shape change identifying unit 225. As'éxamples of icon image, for example,

when the result of identifying the hand shape is one finger, for example, the
arrow marked icon as shown in Fig. 13 (A) may be generated, or in the case

of a first shape, the x-marked icon as shown in Fig. 13 (B) may be generated.

. .Or, if the identifying result of hand shape is two fingers, an icon mimicking

- 25

30

two fingers as shown, for example, in Fig. 13 (C) may be generated, or in the .
case of a first, an icon mimicking the fist may be generated as shdwn in Fig.
13 (D). | | ‘ |

‘A display controller 23 controls the display position of the icon
generated by the icon generating umt 24 on the display 2, and is composed of
a coordinate transforming unit 231 and a cooﬁlinate inverting unit 232. The

coordinate transforming unit 231 transforms from the coordinates of the
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taken image into display coord_iriates on the display 2, and the coordinate
inverting unit 232 inverts th_e lateral positions of the t'ransfor‘med display
coordinates. That is, the coordinates of the center of gravity in the image of
the portion corresponding to the user's hand detected by the position
detector 224 are transformed into display coordinates on the display 2, and
the lateral coordinates are inverted to display an icon in the display 2. By
this manipulation, when the ixser moves the hand to the right, the icon
moves to the righf on the display screen, like a mirror action.

In thus constituted embodiment, an example of operation is
described below. As shown in Fig. 8; when the user confronts the appliance
incorporating' the interface apparatus of the embodiment and points out one

finger of the hand, the arrow cursor appearing on the display moves to an

'arbitrary'pos_ition corresponding to the move of the hand. Then, by moving

" the hand to an arbitrary one of the virtual switches 204, 205, 206 shown on

the display 2, the arrow cursor is moved and when the hand is gripped to
form a fist, the one of the v1rtua1 switches 204, 205, 206 is selected, and an
mstructmn is given to the host computer 1.

In this embodiment, it is des1gned to recognize the shape and move
of the object in the taken i 1mage, but it may be also designed to recognize
either the shape or the move of the object in the taken image.

Thus, according to the invention, which comprises the motion
recognizing unit for recognizing the shape. and/or move of the objectin the
taken image, display unit lfor displaying the shape and/or move of the object
recognized by the motion recognizing unit, frame memory for saving the
image taken by the image pickup means, and a reference image memory for
storing the image taken before the image saved in the frame memory as
reference image, by depicting the difference between the image in the frame
memory and the reference image stored i in the reference image memory in -

the motion recognizing unit, when the user confronts the image pickup unit

and gives instruction by, for example, a hand gesture, the given hand
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gesture is shown on the display screen, and a virtual switch or the like
shown on the display screen can be selected, for example, by the hand
gesture, and a very simple mahii)ulation of appliance without requiring
input device such as mouse is fealized._ -
(Third embodiment)
A third embodiment of the invention relates to an interface
apparatus comprising contour depicting means composed of at least an

image pickup unit, a motion recognizing unit for recognizing the shape

"and/or move of the hand of the user in the taken irhage and a display unit

for displaying the shape and/or move of the hand of the user recognized by .
the motion recogmzmg unit, thereby dep1ct1ng the contour of the taken user
1mage, a contour waveform operation unit for tracmg the dep1cted contour,

and calculating the relation between the angle of the contour line and thel

- length of contour line, .that is, the contour waveform, and a'shape filter for ..

filtering the contour waveform calculated by the contour waveform

“operation unit for generating a shape waveform expressing a specific shape,

_ ‘whereby composing the motion recognizing unit.

When the user confronts the i image pickup unit of thus constltuted
interface apparatus and instructs by hand gesture, the 1mage pickup unit
picks up the user's image The contour depicting means depicts the contour .
of the user's image, and the contour 1s transformed into an angle of the
contour line corresponding to the horlzontal line, that is, as a contour
waveform, by the contour waveform operation unit, on the horizontal axis in
the length. of the contour line starting from the reference .point' on the

contour. This contour waveform is transformed into a shape waveform

expressing the uneven shape of the finger by a shape-ﬁlter composed:of a

band pass .filter in specified band, for example, a band pass filter
corresponding to uneven surface of finger, and the location of the finger is

calculated, and only by eeunting the number of p.ulses existing in this shape '

| waveform, ‘the number of projected fingers, that is, the shape of the hand can
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be dccurately judged. On the basis of the position or shape of the hand, the "

given hand gesture is shown on the display screen, and, for example, a

_virtual switch shown on the displé.y screen can be selected by the hand

gesture, and therefore very simple manipﬁlatio_n of appliance is realized
without requiring mouse or other input device. |
Moreover, plural shape filters ma_iy be composed of plural band pass
filters differing in band, and the lmotion of the user may be judged oh the
basis of the shape waveforms generated by the plural shape ﬁlters. As a
result, plural shapes can be recognized. o |
| Alternatively, plural shape filters may be composed of at least of a -
band pass filter in the contour waveform shepe corresponding to

undulations of hand, and a band pass filter in the contour waveform shape

~corresponding to _pndulations of ﬁ'nge_rs. As a result, the image is

transformed into a smooth shape waveform reﬂecting only- undulations of |
the hand portion or into the shape waveform reﬂectmg only undulatmns of
the finger. ' _ _

The motior_l recognizing unit may be constituted by comprising

coordinate table for St6ring the contrast of coordinates of the contour shape

~ of the taken image of the user and the contour shape calculated by the

contour shape operation unit, and a coordinate operation unit for calculating
the coordinates of the location of the specified shape in the taken image, by
using the ‘wave crest location position of the shape waveform and the
coordinate table. Hehce, the coordinates of the contour shape are calculated,
and the coordinates are issued. - . -

. The motion recognizing uﬁt may be also composed by comprising a
shape judging ﬁnit for eounting the number of pulses in the shape waveform
generated by the shape filter, and the shape of the object may be judged by
the .output value of the shape judging unit. It is hence easy to judge whether
band is projecting two ﬁngers or gripped to form a fist, 'by the number of

pulses. - - : - .
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Also the motion recognizing unit may be composed by comprising a

differentiating device for differentiating the, shape waveform generated by

the shape filter. By differentiatioh, the waveform is more pulse-like, and itis

easier to count the number of pulses.

The appearance of the embodlment of the mterface apparatus of the

invention is similar to the one shown ‘in Fig. 8 relating to the second

embodiment, and same parts as in the second embodiment are explained by

referrmg to Fig. 8 and Fig. 10, and only other different parts are explamed '

in F1g 14 and after. :
Fig. 14 is a detailed block diagram of the third embodiment of the

1nvent10n An image fed from the CCD camera 3 is stored in a frame memory

' 31. The motion recognizing unit 32 depicts the portmn corresponding, for

example, to the hand of the user from the image stored in the frarhe memory
31, and judges if the shape is, for example, one ﬁnger as shown in Fig. 10 (A),
or a fist as shown in Fig. 10 (B).

~ Fig. 15 shows a detail of executlon of the motion recognizing unit 32
and its detailed opera_.tm_n is described while referring also to Fig. 16 to Fig.
20. I - |
| A contour depicting unit 321 depicts the contour shape of the object

. existing in the image.. As an example of specific method, the image is

transformed into 'binary data, and by depicting the edge, the contour shape
can be easily depicted. Flg 17 (A1) is an example of depicted contour line,
showing the hand pro;ectmg one finger. _

A contour shape operatmn unit 322, starting from-start point s in the

diagram of the contour shape of the object depicted by the contour depicting

 unit 321 as shown i in Fig. 17 (A1), traces the contour line in the direction of

arrow in the drawing (counterclockw1se), depicts the angle 8 from the -

horlzontal line of the contour line at each point x on the contour line as
shown in Fig.19 as the function in terms of the distance 1 from the start

points, and transforms into the waveform shape regarding the distance 1 as
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" the time axis as shown in Fig. 17 (B1), and simultaneously stores the

coordinates of each point on the contour line corresponding to the distance 1
in a tré._nsformétion table 324 in a table form. A shape filter 1 and a shape
ﬁlfer corresponding to reference numerals 3231 and 3232 respectively are
filters for passing the band corresponding to the undulations of the hand
portion and uxidulations of the finger portion, in the contour _waveform
shown in Fig. 17 (B1).

By the shape filter 1, Fig. 17 (B1) is transformed into a smooth shape

waveform reflecting only the undulations of the hand portion as shown in

.Fig. 17 (B11), and by. the shape filter 2, it is éransformed into the shape

waveform reﬂei:ting only the undulations of the finger as shown in Fig. 17
(B12), and both are diﬁ'exentiated by differentiating devices 3251 and 3252,
and ﬁnally differential waveforms as shown in Fig. 17 (Bl 12) and Fig. 17 -
(B122) are obtained. The shape _judging unit 3262 judges whether the

contour sl:iape' of 'the hand portion is two fingers as shown in Fig. 10.(A) or a

fist as shown in Fig. 10 (B), and at the same time the coordinate operatioh
unit 3261 calculates the coordin_ates of the center of gravity of the contour
shape of the portion of the hand of the user. The coordinate operation unit
3261 determines positions _101, 1c2 of location of large pulse waveforms in
the shape differential waveform shown in Fig. 17 (Bil2), and transforms
into point ¢1 and point c2 shown in Fig. 20 by the coordinate transformation
table 324, and the center of gravity of the hand portion is calculated from
the contourline of the hand poi'tion from point ¢1 to point 2, and issued as
hénd cooi‘dinates. | _

The shape judging unit 3262 counts and issues the number of pulse_
waveforms cdrresponding to -the ﬁnger portion in the shape differential
waveform in F1g 17 (B122). That is, in thé case of Fig. 17 (B122), since there
are two large pulse waveforms corresponding to the portion of the .ﬁnger, it
is judged and issued as the shape of tvifo fingers as shown iﬁ Fig. 10 (A). Or .
when the hand is gripped as shown in Fig. 18 (A2), there is almost no
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" undulation of finger portion, and the output of the shape filter 2 is a shape
waveform without undulations as shown in Fig. 18 (B22), and hence the
~output of the diﬂ'erenfiating device' 3262 is also a shape differential

waveform without pulse waveform as shown in Fig. 18 (B222), and the count

of pulse waveforms is 0, and it is hence judged and issued as the fist shape
as shown in Fig. 10 (B).
As a practical example of composition of the shape judging unit 3262,
simple threshold processing method or neutral network maybe employed.
An icon génerat_ing unit 34 in Fig. 14 generates an icon image to be
shown oﬁ the display on the basis of the result of idéntifying the shape of the
har_ld by the shape judging means 3262 in Fig. 15. For example, if the result

of identifying the hand shape is a shape of one finger, for example, an icon

- . indicated by arrow shown in Fig. 16 (A) is created, or in the case of a fist

15

20

25

30

shape, an icon indicated by x mark as shown in Fig. 16 (B) is éreated_. A
display controller 33 controls the display position of the icon generated by

the icon generating unit 34 on the display, and is composed of coordinate

transforining unit 331 and coordinate inverting unit 332. The coordinate

transforming unit 331 transforms from the coordinates of the taken image
into &isplay coordinates on the display, and the coordinate inverting unit

332 inverts the lateral positions of the transformed dlsplay coordinates.

That is, the coordinates of the center of grav1ty in the i 1mage of the portlon

corresponding to the user's hand issued by the coordinate operation unit
3261 in Flg 15 are transformed into display coordinates on the display, and
the lateral coordinates are inverted to display an icon in the display. By this
manipulation, when the user moves the hand to the right, the icoﬁ moves to
the righf on the _displéy screen, like a mirror action.

In thus constituted embodiment, an example of operation is

described below. When the user confronts the appliance incorporating the

" interface apparatus of the embodiment and points out one finger of the hand,

the arrow cursor of the icon 203 appearing on the display 2 moves to an
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arbitrary position correépdnding to the move of the hand. Then, by moving
the hand to an arbitrary one of the virtual switches 204, 205, 206 shown on
the display 2, the arrow cursor is moved, and when the hand is gripped to
form a fist, the one of the virtual switches is select_ed,. and an instruction is
given to the host computer 1. _

As an example of the icon to be displayed, as shown in Fig. 16 (C),
(D), when the shaﬁe of the hand itself is formed into an icon, it corresponds
to the move of the actual hand, and it is intuitive. Moré specifically, the
images as shown in Fig. 16 (C) and (D) may be entered beforehand, or the
cbntou;' shape data of the hand depicted by the contour depicting unit méy
be contracted or magnified to a desired size and used as an icon image.

Thus, in this embodiment, when the user confronts the image pickup
unit of the interface apparatus ahd instructs, for example, by a hand gesture,
the ﬁnage pickup imit picks up the image. of the user, and depicts the
contour of the user's image, and transforms into an angle of contour line to
the horizontal line, that is, into (;ontdnr waveform, on the horizontal axis in
the length of the contour line starting from the reference point on the
contour line. This contour shape is transformed into a shapé waveform
expressing the uneven shape of the fingers by the shape filter composed of a
band pass filter of specified band, for example, a band pass ﬁlter
corresponding to undulations of fingers, and the position of the hand is
calculated, and simultaneously the number of pulses existing in the shape

waveform is counted, so that the number of projécted fingers, that is, the

~ shape of the shape can be accurately judged. On the basis of the position and

shape of the hand, the given hand gesture is shown on i;he display screen,
and, for example, a virtual switch shown on the display switch can be
selected, and very easy manipulation of appliance is realized without
requiring mouse or other input device.

(Fourth enﬁbodiment)

The f_oregoing embodimenté relate to examples of manipulation on
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two-dimensional images shown on the display ‘screen, whereas this

_ embodiment relates to manipulation of a. virtual three-dimensional image -

shown on a two-dimensional display screen.

Generally, assuming to grasp a virtual object in a virtual space by

- using a cursor, in a displayed virtual th.tee-dime'ns_ional space, the fo_llowing

constitution is considered. | o

In Fig. 21, reference numeral Al is an inpuf; device, A2 is a cursor
coordinate memory unit, A3 is an object coordinate .me'mory unit, A4 is a
display device, and Ab is a contact judging unit. Fig.22 (a) and Fig. 22 (b) |

show cursors in two-finger manipulator shape that can be expressed from

-the shape of the hand of the operator same as in the foregoing embodiments.

Fig. 22 (a) shows an open finger state, and Fig. 22 (b) a closed finger state.
Fig. 23 shows an example of a virtual object in a virtual_ space. Suppose the
operator acts to grab the virtual object ih a virtual three- dimensional space
by using a two-finger cursor. Fig. 24 (a) and Fig.24 (b) show configuration of
cursof and virtual object in the ’\I'rirtual space when gripping the virtual
object by using the‘ cursor. Fig. 25 shows the display of the display device A4.

When manipulation of the operagltor._ is given to the iriput unitAl, the
cursor coordinates and the two-finger interval of the cursor stored in thé
cursor coordinate memory - device A2 are updated according to the

manipulation. The display device A4 depicts the virtual space including the

cursor and virtual -object by using the information stored in the cursor

coordinate memory unit A2 and the position information of the virtual object
stored in the object coordiﬁate memory unit A3. Herein, the confact judging
unit A5 calculates whether the cursor and virtﬁa_l object contact with each
other in .the virtual space or not, by using the information stored in the
cursor coordinate memory unit A2 and the position information of the
virtual object stored in the object coordinate meinory unit A3. More
specifically, the distance between plural surfaces composing the cursof and

virtual object in the virtual space is calculated_on each surface, and when
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the virtual object contacts between two ﬁh_geré of cursor, it is ] udged that the

cursor has grabbed the virtual object, and thereafter the coordinates of the

- object are changed according to the move of the cursor.

In such technique, however, the display By the display device is as

-shown in Fig. 25 in the case of configuration as shown in Fig. 24 (a) or (b),

and the operator may misjudge that the coordinates are matched although
the cursor and virtual object positidn are not matched éxactly in the virtual
spaée. Or, ih the c_asé of using fhe three-dimensional display device or in the
case of combined display of Fig. 24 (a) and (b), s'mooth.manipul'ation is -
difficult due to dlfference in the sense of dlstance in the actual space and in
the v1rtua1 space.

Thus, due to difference between the sense of dlstance in a virtual
space which is a dlsplay space and the sense of distance in an actual space,
or due to difference between the motion of cursor intended by the operator
and the actual motion of cursor, interaction according to the intent of the

operator (in this case, grabbing of the virtual object) cahnot be realized

" smoothly in the interaction of the cursor and virtual object in virtual space

(for example, when grabbing the virtual ob]ect by a virtual mampulator)

In thls_ embod:‘ment,_ the cursor can be contl_'olled w1th ease by hand
gesture or the like by the opei'ator in the virtual space without making
contact, and presénce or absence 0'._(' occurrence 'of interaction with the virtual
object in the virtual space is determined not only by the distance between
the cursor in the virtual spaéé and the constituent element of the virtual
space (the surface in the case of three-di_mensionél virtual space), but by
inducing interac.tion- also on the object_'of which distance in the virtual space

1s not necessarily close by the interaction judging means, the judgment

" whether the cursor induces interaction with the virtual object is made closer

to the intent of the operator, so that the controllability of the interface may .
be further enhanced. It is further possible to induce interaction also on the '

object of which distance in the virtual space is not necessarily close.
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‘A first constitution of the embodiment is an interface apparatus
comprising display means, input means for changing the position and shape

of the cursor displayed in the display means, cursor memory means for

~ storing coordinates of a representative point representing the position of the

“cursor and the shape of the cursor, object memory means for storing

coordinates of a representative point representing the position of display

~ object other than the cursor and shape of the display object, and interaction

judging means for judgil_lg interaction between the cursor and the display
object, by using the position and shape of the cursor stored in the cursor
memory means and the i)ositioh and shape of the display object stored in the
object memory means, wherein the in_terabtion judging means is composed of
distance calculating means for calculatipg the distance between at least one
representative point of the cursor and at least one repreéentative poiﬁt of

the display object, motion recognizing means for recognizing the move of the

cursor or changg’ fof the shape, and overall iudging means for determining

. the interaction of the cursor and display object by using the distance

calculated.byfhe distance calculating means and the result of recognition by

the motion recognizing means.

According to this COnstitutiqn, presence or absence of occurrence of

_ interaction between the cursor manipulated by the operator in the virtual

space and the virtual object in the virtual space is determined not only by
the distance between the cursor in the virtual space and the constituent
element of the virtual object (the surface in the case of a three-dimensional

virtual space), but the overall judging means judges the presence or absence

' of occurrence of interaction by the distance between reprgsentative points

calculated by the distance calculating means and the motion of the cursor

reéognized by the motion 'reco'gnizing means, so that interaction may be |

induced also on the objéct'of which distance is not _necessérily close in the

virtual space.

When the motion recognizing means recognizes a preliminarily
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registered motion in the first constitution,. a second constitution may be
desigﬂed so that the interaction judging 'means may induce an interaction
on the display object of which distance calculated by the distance calculating
means is below a predetei*inined reference.

In the first and second constitutions, by installing move vector
calculating means for calculating the moving direction and moving distance
of the cursor in the display space to compose the interaction judgéng means,

a third constitution may be composed so as to determine the interaction of

~ the cursor and display object by the interaction judging means on the basis

of the moving direction of the cursor and moving distance of the cursor

calculated by the move direction calculating means.

. The third constitution may be modified into a fourth constitution in

 which the interaction Judgmg means generates an 1nteract10n when the

cursor moving distance calculated by the move vector calculatmg means is
less than the predetermmed reference value.
In third and fourth constitutions, the interaction judging means may

generate an interaction on the display object existing near the extension line

- in the moving direction of the cursor calculated by the move vector

' _calculating means, so that a fifth constitution may be composed.

In the first to fifth constitutions, the interaction judging means may
generate an interaction when the shape of the cursor and shape of the
display object become a preliminarily registered combination, which may be
composed as a sixth constitution. h |

In the first to sixth constitutions, .by compos_ing the interaction
j'udging means by incorporating shape judging means for recognizing the
shape of the cursor and shape of the display object, a seventh constitution
may be const;uct_ed_ so that the iﬁtéraction judging means may generate an

interaction when the shape of the cursor and shape of the display object

‘recognized by the shape recogmzmg means coincide with each other.

In the first to seventh constltutlons, by comprising sight line input
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'means for detecting s1ght light direction, an elghth constitution may be

composed in which the mteractmn Judgmg means generates an interaction
when the motion recognizing means recognizes a preliminarily registered
motion, on the display object near the extension line of the sight light
detected by the sightl line input means.

The eighth constitution may be modified into a ninth constitution in

_which the interaction judging means generates an interaction when the

cursor is present near the extension line of the sight line on the display

object near the extension line of the sight line detected by the sight line

input means and the motion recognizing means recognizes a preliminarily

régistered motion.

In the ﬁrst-t_o_ ninth constitutions, when an i_nteraction is generated,

learning means may be provided for learning the configuration of the cursor

and the objective display object, and the shape of the cursor and shape .of the

display object, so that a tenth constitution may be composed for determining

- the interaction on the basis of thellearni'ng'_result of the learning means by

the interaction judging means.

The tenth constltutmn may be modified into an eleventh constltutlon

" in which the interaction judging means generates an interaction when the

- configuration of the cursor and objective display object, or the.'shape of the

cursor and shape of the display object may be similar to the configuration or
shapes learned in the past by the learning means.

~ Instead of the first to eleventh 'consti'tutions, e twelfth embodiment
may be composed in which the interaction judging means may be composed

by incorporating coordinate ‘transforming means for transforming the

coordinates from the cursor memory unit and object mexnory unit to the

input to the d1stance calculating means.
The twelfth constltutmn may be modlfied 1nto a thlrteenth
constitution in which the cursor and objective d1sp1ay object may be brought

closer to each other when an interaction is generated.

eet Has Been Replaced

\\||\|\\ TR



24

The fourth embodiment is described in detail by referring to the
drawing. Fig. 26 is a blo;ik diagram of the interface apparatus of the

embodiment.
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In Fig. 26, reférence numeral 41'isl input means, 42 is cursor memory
means, 43 is object memory means, 44 is display means,45 is interaction
judging means, 45a is distance calculafing means, 45b is motion recognizing
means, 45¢ is overall _jﬁdging means, 45d is move vector célculating means,
45e is shape judging means, 45f is learning means, 45g is coordinate
transforinin?g means, and 46 is sight line input means.

In Fig. 26; the operator manipulates input means 41, the cursor

' memory means 42 changes and stor_és the coordinates and shépe of

representative pbiht representing the position in the virtual space of the
cursor, and the disi)lay means 44 shows the cursor and. virtual object in
two-dimensional .display or three-dimensional display on the basis of the
coordinates and shape of the repreSentative point representing the position

in the virtual space of the cursor stored in the cursor mémory_means 42 and

the coordinates and shape of representative point representing the position

in the virtual space of the virtual object stored in the object memory means

43. _ .
The sight line input means 46 detects the position of the sight line of

the operator on the display. The distance calculatirig means 45a calculates

~ the distance between the cursor and virtual object in the virtual space on the

basis of the coordinates of the representative points stored in the cursor .

- memory means 42 and object memory means 43. The ‘motion recognizing

means 45b recognizes the motion of manipulation on the basis of the data
stored in the cursor memory means 42 and object memory means 43. The

move vector calculating means 45d calculates the moving direction and

- moving distance of the cursor in the virtual space. The shape judging means

45e judges whether the shape of the cursor and shape of the virtual object

are appropriate for inducing an intéraction or not. The learning means 45f
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stores the relation of position and shape of the cursor and v1rtual obJect

when the overall ]udgmg means 45¢ has induced an mteractmn between the
cursor and virtual object, and tells whether the present state is similar to
the past state of indlicing interaction or not. '

The overall judging means 45c judges whether the cursor and virtual
object interaet with each other or not, on the basis of the distance between
the cu‘r_:sor and virtual object issued by the_distance celculating means 45a,
the result recognized by the motion recegnizing means 45b, moving direction
and moving distance of cursor calculated by the move vector calcﬁlating
means 45d, the position of sight line detected by the sight light input means
46, judging result of the shape judging means 45e, and degree of similarity

to the past interaction issued by the learning means 45f,and changes the

- coordinates and shape of the representative points of the cursor and virtual

object depending on the result of interaction. The coordindte transforming

means 45g transforms the coordinates of the cursor and objective virtual

* _object in the virtual space used in the distance calculation by the distance
' calculating means 45a so that the positions of the two may be closer to each

- other when the interaction judging means 45 induces an interaction.

Fig. 22 (a) ‘and (b) show a two-finger manipulator shape in a first
example' of the cursor used in the interface apparatus of the invention. In
the diagram, the ﬁngers are epened in (a) and the fingers are closed in (b).
Fig. 22 (c) and (d) show a two-finger two;joint manipulator shape in a second

example of the cursor used in the interface apparatus of the invention. In

‘the diagram, the fingers are opened in (¢) and the fingers are closed in (d).

Fig. 22 (e) and (f) show a five-finger hand shape in a third example of the

cursor used in the interface apparatus of the invention. In Fig. 22, the hand

is opened in (e) and the hand is closed in (f).

Fig. 23 (a) and (b) show examples of the object in the virtual space

used in the interfaee appai'atus of the invention, showing a cube in (a) and a

“plane in (b). o - o —
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In the 1nterface apparatus thus constltuted the operation is
descnbed below. In this embodiment, it is supposed that the operator moves
the cursor as shown in Fig. 22 in a three-dimensional virtual space, and

moves by grabbing the virtual obJect as shown in F1g 23 existing in the

virtual space

. Manipulation of the operator is effected on the input means 41. In

the input herein_, as the input device for feeding information for varying the

'j)osition or shape of the cursor, the means as shown in Fig. 27 (a) to (c), or

the camera, keyboard, or command input by voice recognition can be used.
Fig. 27 (a) reiafes to a mouse, and the cursor is manipulated by moving the
me'uSe main body or clicking its button. Fig. 27 (b) relates to a data glove,
wﬁich is worn on the hand of the operator, and the cursor is manipulated by

reflecting the finger joint angle or position of the data glove in the actual

- space in the position and shape of the cursor. Fig. 27 (c) relates to a joy stick,

and the cursor is manipulated by combination of lever handling and
operation button. When using a camera, the body or part of the body (for
example, the hand) is taken by the camera and the shape and posmon of
the hand are read. _

Fig. 28 shows an example of shape depiction when only the hand is
taken by the camera. In Fig. 28 (a), the hand is taken by the camera. The
lumin_ance of pixels of the. image in Fig. 28 (a) is converted into binary data
in Fig. 28 (b). In Fig. 28 (b), it is possible to judge the degree of opening or
closing of the hax'ld. by the ratio of the longer side and shorter side of a

* rectangle circumscribing a black region, and-input of position and distance is

- enabled from the coordinates of center of gravity and area of the entire black

pixels. The input -means 41 sends the manipulation data(cursor moving
distance, cursor shape changing amount, etc.) to the cursor memory means
42, |

The cursor memory means 42 stores the coordmates and shape of the

representatwe point of the cursor in the v1rtual space stored in the cursor
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memory means on the basis of the manipulation data sent out by the input

means 41. As the representative point, the coordinates of center of gravity of

- cursor (X0, YO0, Z0) may be used. Moreover, as the representative point, the

coordinates of the center of each surface composing the cursor or the
coordinates of apex may be also used As the shape, the two-ﬁnger interval d
in the case of Fig.-22 (a), or the 1nternal angle 6 n of the joint of each finger
in the case of Fig. 22 (b), (¢) (n is a joint number: as 6 n becomes smaller,
the joint is bent) may be used as the storage information. Moreover, as the
shape, the finger tip of each ﬁnger or the coordinates of each joint in the
v1rtua1 space may be also used. | .

~ The object memory means 43 stores the coordinates and shape of the
representative point of the virtual object in the virtual space shown in Fig.
23 as the object of manipulation. ‘As the representative point, the
coordinates of the cente'r_ of gravity of virtual object (cube: (X1, Y1, Z1),
pla_ne:: X2, Y2, ' Z2)) are used. Also as the representative point, the

“coordinates of the center of each surface composing the virtual object or the .

coordinates of the apex may be used. As the shape, parameter @ showing a

~ predetermined shape is stored (herein cube is defined as @=1, and plane as

@=2). Also as the shape, the coordmates of apex may ‘be used.

The d1splay means 44 shows the image in two-dimensional dlsplay
as seen from the viewpoint preliminarily assuming the virtual space on the
basis of the information of _the position and shape of the cursor and virtual
object stored in the cursor memory means 42 and object memory means 43. |

Fig. 29 (a) shows a display example of d1Sp1ay means. When the operator

mampulates, the dlsplay position or shape of the cursor is changed, and the

operator contmues to manipulate accordmg to the display.
The mteractmn ]udgmg means 45 judges if the cursor has grabbed
the o_bJect or not (presence or absence of interaction) every time the cursor

position changes, and when'it is judged that the cursor has grabbed the

object; the coordinates of the virtual object are moved according to the move
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“of the cursor.

The distance calculating means 45a calculates the distance between
the coordinates of the center of gravity of the cursor (X0, YO, Z0) stored in
the cursor memory means 42 and the coordmates of the center of grav1ty of
the virtual object (X1, Y1 Zl), (X2 Y2, Z2) stored in the object memory

means 43.

The motion recognizing means 45b reéognizes the motion of "grab"

‘as the preliminarily registered motion by ﬁsing the change of shape of the:

cursor. In the case of the cursor in Fig. 22 (a), the decreasing state of the

interval d of two fingers is recognized as the "grab" action, and in the case of

the cursor in Fig. 22 (), (c),the decreasing state of the angle & n of all

. fingers is un,derstood. as the "grab" action. As the technique of recognizing

the motion, meanwhile, the time series changes of the parameters -
representing the shape (such as d and 6 n mentioned above) may be used as
the recognizing technique after learning specific motions .preliminarily by -
using the time serieé row pattern recognition techniques (table matching,
DP matching, hidden Markoff model (HMM), recurrent neutral network,
etc.). | _

The move vector calculating means 45d calculates the moving direction and

moving distance of the cursor in the virtual space by using the changes of

the coordinates of the center of the cursor (X0, YO, Z0). For example, the

direction and magnitude of the differential vector of the coordinates of the
center of gravity of the present time t (X0, YO0, Z0O)t and the coordinates of

the center of gravity of a certain 'previous time (X0, YO0,-Z0)t-1 are used as

movmg distance of the cursor

The shape judging means 45e Judges if the shape of the cursor for

. storing in the cursor memory means is proper or not for grabbing the virtual

object in the shape stored in the object memory means (whether the cursor
shape is appropriate or not for inducing interaction with the virtual object).

Herein, when the value of the parametelr a fepresenting the shape of the
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object is 1, the cursor finger open state is regarded as an appropriate state.
The cursor finger open state is judged, for example, when the value of d is

larger than the intermediate value of maximum value of d, that is, dmax,

‘and 0 in the case of the curso_r-'shown in Fig. 22 (a), and when all joint anglés

6 n are greater than the intermediate value of maximum value 6 n max

~and 0 in the case of Fig. 22 (b), (c).

When the value of the parameter « expressing the object shape is 0,

. it is an appropriate state when the ihterval of finger ti_ps of the cursor is

~ narrow. The finger tips of the' cursor ‘are judged to be Darrow when, for

example, when the value of d is smaller than the .intermediate value of the
_maximurﬁ value of d, d max and 0 in the case of the cursor in Fig. 22 (a), or
when all joint angleé 0 n are smaller than the intermediate value of the
maximum value € n max and 0 in the case of Fig. 22 (b), (). As the judging
method of the shape, iﬁcidentally, the baramete’r expressing the cursor
shape (d or o n) is stored pi'eliminarily in the state of the cursor grabbing

the virtual object in contact state in the virtual space, and when the values

. of the parameters coincide in a range of £30%, it may be judged to be

appropriate for grabbing action. |
The sight line input means 46 detects the sight line of the operator, _

and calculates the coordinates noticed by the operator on the display screen

of the display means 44 (éoordinatés of notice point). As the sight light

~ detecting means, by detecting the direction of the pupil of the operator by

using a photo sensor such as CCD camera, the notice point on the screen is

" calculated by measurihg the position of the head of the operator by using a

camera or the like. - | | .

The learning means 45f stores the parameter (d or n) showing the
shape of the cursor when the. overall judging means 45¢ judges that the
cursor has grabbed the virtual object, the paramefer a showing the 'shape
of the grabbed object, and the_ relative cbnﬁgurat’ion of the position of the

cursor and the position of the virtual object (the vector linking the center of
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gravity of the cursor and the centef of graVity of the virtual object), and
when the parameter expressing the present shape of the virtual object, the
parameter expressing the shape of the .surrounding virtual object, and the
configuration of the present center of gravity of the -cursor and the center of |

gravity of the surrounding virtual obJect are close to the past state of

‘grabbing the ob]ect (for example ‘when the parameters and element values

of each dimension of the vector expressing the configuration coincide with
the past values within a range of +30%), it is judged to be close to the past

situation and 1 is issued, and otherwise O is issued. As other means of

. learning, meanwhile, the parameter expressing the shape of the cursor

when grabbing the object in the past, the parametei' ¢ expressing the
shape of the grabbed virtual object, and the relative configuration of the
positibn of the cursor and position of the virtual ebject maybe learned by
using neural netwerks or the like. As the leai'ning items;-it mey be also
possible to learn together with the configuration of notice point coordinatee
on the screen detected hy the sight line‘ detecting means 46 and coordinates -
of the cursor on the display screen. |
The coordinates transforming means 45g transforms the coordinates

used in distance calculation by the distance calculating means when |

grabbing the object (when an interaction is caused) so that the distance

~ between the cursor and the ebjective virtual object in the virtual space may

‘be shorter. For example, supposing the coordinates to be (100, 150, 20) and

(105, 145, 50) when the cursor grabs the virtual object, the coordinates
transforming means transforms the Z-coordinate having the largest
difference among the coordinates as 'shewn in formula (1).

Z'=08 X Z(1) "

where z is the Z-coordinate of the center of gravity of the cursor and virtual

~object received by the coordinates transforming means, and Z' denotes the

Z-coordinate as the output of the coordinates transforming means.

In thie case, the value ef X-ceordinate and value of Y- coordinate are
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not changed. Also the values stored in the cursor memory means and object

memory means are not changed, and hence the screen shown by the display

means is not changed. By such transformation, if the distance in the virtual

space is remote, when the operator attempts to grab, thereafter the -distance.

between the cursor and virtual object becomes shorter when calculating the .
distance, so that the distance calculating means can calculate the distance
closer to the sénse of the distance felt by the'operator._

- The overall judging means 45¢ judges the occurrence of interaction of
"grab" when recognizing the preliminarily registefed action of "grab" by the
motion recognizi_ng means 45b when the d_i_stance between the cursor and.
the virtual object issued by the distance calculating means 45a is less than a
predetermined refemace, and thereafter until the interaction of "grab" is
terminatéd, the values of the coordinates of the center of gravity of the
grabbed virtual object stored in fhe object memOry__means 43 are matched
with the coordinates of the center of gravity of the cursor. Her'ein, the
predetermmed reference value may be a larger than the actual distance of

contact of the cursor and object in the virtual space. For example in the case

- of Fig. 25 (configuration of Fig. 24), if the distance between the virtual object

and cursor is less than the reference value of the distancé, the action of
grabbing by the operator may be instructed to the input means 1, and when
the motion recognizing means 45b recognizes the grabbing aétion, the
virtual object may be grabbed and moved.

Meanwhile, the overall judging means 45c¢, 1f there are plural virtual

objects below the reference of the distance, judges only the objects beiow the

reference (for example, 90 degrees) of the anglé formed by the line segment

(waved line) linking the cursor and virtual object and the moving direction

. (arrow) of the cursor calculated by the move vector Calculating means 45d as

shown in Fig.29 (b), so that the operator can judge the interaction in

- consideration of the movmg d1rect1on of the cursor in the process of

manipulation (selecting the highest position of the three objects in the
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. diagram). As for the cursor moving distance, if the moving distance is longer

than the predetermined moving distance reference, interaction ‘does not.
occur. Thus, when merely moving the cursor, interaction not intended by the
operator is not caused. | |

Moreover, as shown in Fig. 29 (c), when p11_1_ra1 virtual objects are
satisfying the reference, the virtual object close to the position of the notice
point detected by the sight line inbut means 46 is the object of grabbing by
the overali judging means 45c (in the diagram, the object at the left sidg

~ close to the "+" mark indicating the notice point is to be selected). As a result,
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30

the object can be easily selected by using the sight line of the operator.

Incidentally, as shown in Fig. 29 (d), if there is a close_ object on the
screen, the ﬁirtua_l objéct coincidihg with the shape of the cursor judged by
the shape judging means 45e is the dbjéct of grabbing by the overall judging
means 45¢ (in the diagram, since the finger interval of the cursor is narrow, |
a plane is judge(f to be appropriate as the object of grabbing, and hence the
plane' is selected). As a result, the virtual object intended by the operatdr can
be selected by the shape of the cursor, and the opérator can manipulate
easily by corfe‘sponding fo the cursor shdpe that can be easily assbci_ated
when grabbing the virtual object. _

 The overall judging means 45¢ selects by prioriﬁy the virtual :object

~ judged to be similar when the object was grabbed in the past by the learning

means 45f. As a result, thé_ judgment closer to the past manipulatibn by the

'qperafor can be reproduced, and the controllability may be enhanced.

- Thus, according to the invention, presence or absence of interaction

~ between the cursor manipulated by the operator in the virtual space and the

virtual object in the virtual space is determined not only by the distance

between the cursor and Yirtual object, but it is .determined on the basis of

* the action, sight line or pasi: case in the manipulation of the operator, so that

the controllability may be enhanced in the interface for interaction with the

virtual object by using the cursor in the virtual space.
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The embodinients have been explained by referring to the action of
grabbing the virtual object by using the cursor as the interaction, but
similar handling is also possible in other motions, .such as indicating

(pointing) to the virtual object, collision, friction, impact, and remote control.

~ Similar effects are obtained if the virtual space is a two-dimensional space |

or if the display means is a three-dimensional display. It may be realized by

'using hardware, or by using the software on the computer.

In this way, according to the embodiments, preSence or absence of
occurrence of interaction between the cursor manipulated by the operator in
the virtual space and the virtual objéct in the virtual space is determined
not only by the distance bétvyeen the constituent elements of the cursor and
yirtual object in the virtual space, but the ovéra_ll judging means judges

presence or absence of occurrence of interaction on the basis of the distance

“ between representatlve points calculated by the distance calculatmg means

and the motion of the cursor recognized by the motmn recogmzmg means,

‘and therefore an interaction may be mduced also on the object of which
. distance is not necessanly close in the virtual space, so that the input and

" output interface excellent in controllablhty may be presented. Moreover, it

is not necessary to calculate the distance of all the constituent elements

between the cursor and virtual object in the virtual space as required in the -

conventional contact judging -method, and therefore the quantity of .

calculation is lessened, and the prdcessing speed is enhanced.

‘Accordingly, the invention can -fecognize the shape or motion of the

hand of the operator and display the feature of the shape of the recognized -
hand as a cursoron the screen as the special shape, so that the information B

displayed on the screen and the information display'ed on the screen by the

shape or l_notio\n' of the .hand can be controlled easily at supeﬁor
controllability.

More.o_ver, the feature of the shape of the hand is displayed as cursor

on the screen as the special shape, and the relation with other display
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‘objects than the cursor is judged sequentially and automatically by the
interaction along the intent of the operator, so that the interface further
" enhanced in the controllability of mampulatmn of indicating or gr1ppmg the
dlsplay object can be reahzed ' '
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WHAT IS CLAIMED IS:
" 1.An interface apparatus comprising:

recognizing means for fecognizing the shape of a hand of an

operator,

display means for displaying the features of the shape of the hand

recognized by the recegnizing means on the screen as a special shape,_ and

control means for controlling the information displayed in the screen

- by the special shape displayed in the screen by the display means.

2. An interface apparatus of claim 1, wherein the recognizing means

recognizes the motion of the hand together with the shape of the hand, and

the display means displays the features of the shape and motion of the hand

recognized by the recognizing means on the screen as the special shape.

3. An interface apparatus of claim 1, wherein thé control means
controls 5o as to select the_informetion displayed in the screen.

4. An interfaee apparatus comprising:

a frame memory composed of

.at least an image pickup unit,

a motion recognizing unit for recogmzmg the shape or move of an
ob]ect in a taken plcture and - '

a display unit for displaying the shape or move of the object
recognized by the motion recognizing unit, for - |

stonng the image taken by the image pickup unit, and

a reference image memory for storing the image taken before the
image saved in the frame memory as reference image,

wherein the motion Tecognizing unit c_omprises an image. ehange
depicting unit for depicting the difference betWeen__' the image in tne frame
memory an& the reference image stored in the reference image memory.

5. An interface apparatus of '(.:laim 4, further comprising a reference

image updating unit for updating the reference image accumulated inthe
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reference image memory into a novel image.

6. An interface apparatus of claim 4, further.comprising a timer for
calculating the interval of updating of reference image Rrox}ided in the
refei'enCe image updating unit.

7. An interface apparatus comprising contour depicting _ineans
composed of: '

at leest an image pickup unit,

a motion recognizing unit for recognizing the shape and/or move of
the hand ef the user in the taken image, and

a display unit for displaying the shape and/or move of the hand of
the user recognized by the motion recognizing unit, thereby |

depicting the contour of the taken user 1mage,

a contour waveform operation unit for tracing the deplcted contour,
and calculating the relation between the angle of the contour line and the
length of contour line, that is, the contour waveform, and a _

shape filter for filtering the contour waveform calculated by the

contour waveform operation unit for generating a shape waveform

" expressing a specific shape, whereby composing the motion recognizing unit.

8. An interface apparatus of claim 7, wherein plural shape filters are
coniposed by plural band pass filters diﬁ"ering in band and the motion of the
user is judged on the bas1s of the shape waveform generated by the plural
shape filters. o | _

9. An interface apparatus of claim 7, wherein plural shape filters are
cemposed of at least a band pass filter of contour waveform ehape
corresponding to undulations: of han&, and a band pass ﬁltei' of contour
waveform shape correslionding to undulations of fingers.

10. An interface apparatus of claim 7, wherein the motion
recognizing unit is composed by comprising a coordinate table for storing the -
contrast of the coordinates of fhe contour shape of the taken user image and

the contour waveform calculated by the contour shape operation unit, and a
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.coordmate operation unit for calculatmg the coordinates of the location of

the spemﬁed shape in the taken i image by using the wave crest location of
the shape waveform and the coordmate table.
11. An interface apparatus of claim 7, wherem the motion

recognizing unit is composed by containing a shape judging unit for counting

- the number of pulses in the shape wa_.ve_form generated by the shape filter,

and the shape of the object is judged by the output value of the shape
judging unit.

12. An interface apparatus' of -claim. 7, wherein the motion
recognizing unit is composed by contaioing' differentiating devices for
differentiating the shape wlaveforn_ms generated by the shape filter.

13. An interface apparatus comprising:

| display means, ,
. input means for_ changing _the position and shape of the cursor
displayed in the display .means,.

cursor memory means for storing coordinates of a representative
point representing the position of the cursor and the shape of the cursor,

_ object memory means for storing coordinates of a representative

point representmg the pos1t10n of dlsplay object other than the cursor and

‘shape of the display object, and

~ interaction judging means for judging interaction between the cursor
and the display object, by using the position and shape of the cursor stored
in the cursor memory means and the positionl and shape of the display object
stored in the object memory means, . : . |
wherein the interaction judging ineans is composed of
distance calculating means for caiculating the distance between at
least one representative point of the curSor and at least one representative
pbin't of the display object,

motion recognizing means for recognizing the move of the cursor or

change of the shape, and o ' // '
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overall judging means for determining the interaction of the cursor
and display object by usling' the distance calculated by the dietance
calculating means and the result of fecognition by the motion recognizing
means. | o

14. An interface apparatus of claim 13, wherein when the motion
xecognizing means fecOgnizes a preliminarily registered motion, the
interaction.judging means induces an interaction on the display object of
which ‘distance caiculated' by the distance calculating means is below a
predetermined reference. |

15. An interface apparatus of claim 13, ‘wherein by installing move

" vector calculating me'ans for calculating the moving direction and moving

distance of the cursor in the display space, the interaction judging means is

composed, and the interaction judging means determines the interaction of

“the cursor and display object by the interaction judging means on the basis

of the moving direction of the cursor and moving distance of the cursor

calculated by the move direction calculating means.

16. An interface apparatus of claim 15, wherein the interaction
judging means genere.fes an interaction when the. cursor moving distance
calculated by the move vector calculating means is less than the
predetermmed reference value. ) _ '

17. An interface apparatus of claim 15, wherem the 1nteract10n

judging means generates an interaction on the display object existing near

- . the extension line in the moving direction of the cursor calculated by the

25

30

move vector calculating means. : -

18. An interface apparatus of claim 13, wherein the interaction

 judging means generates an interaction when the shape of the cursor and

‘shape of the display object become a preliminarily registered combination.

19. An interface apparatus of claim 13, wherein by coinposihg the
interaction judging means by incorporating shape judging means for

recognizing. the shape of the cursor and shape of the display object, the
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interaction judging means generates an interaction when the shape of the

cursor and shape of the display object recognized by the shape recognizing

‘means coincide with each other.

20. An interface apparatus of claim 13, wherein by comprising sight
line input means for detecting sight light direction, the interaction judging
means generates an interaction when the motion recognizing means

recognizes a preliminarily registered motion, on the display object near the

~ extension line of the sight light detected by the sight line input means.

~21. An interface apparatus of claim 20, wherein the interaction
judging means generates an interaction when the cursor is present near the -

exte_nsibn line of the sight line on the display object near the extension line

_of the sight line detected by the“sight line input means and the motion

' recognizing means recognizes a preliminarily registered motion.

~ 22. An interface apparatus of claim 13, wherein when an interaction

is generated, 'learn'ing .means may be. provided for learning the configuration

of the cursor and the objective display object, and the shape of the cursor

and shape of the display object, so that the interaction judging means

determmes the mteractlon on the basis of the learning result of the learning
means. _

- 23. An mterface apparatus of claim 22, wherein the interaction

judging means generates an interaction when the configuration of the cursor

~ and objective display object, or the shape of ‘the cursor and shape of the

display object may be similar to the configuration or shapes learned in the
past by the learmng means. I
24. An interface apparatus of claim 13, wherem the interaction
judging means may be composed by mcorporai;mg coordinate transforming
means for transforming the coordinates from the 'cﬁrsor memory unit and
object memory unit to the inpﬁt to the'd'istance calculating means.
 25. An interface apparatus of claim 24, wherein the cursor and |

objecti_ve. display object may be brought closer to each other when an
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_interaction is generated.
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