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DESCRIPTION 

OPERATING DEVICE 

BACKGROUND OF THE INVENTION 

FielB'Gtthe lbvention 

PCT/JP00/02625 

11ie1>tesent invention relates to an operating de'Viee (also called a "controller") 

used as perlpheral equipment for entertainment apparatuses such as video game 

apparatuses· and the like. 

10 Description of the Related Art 

Generally, with entertainment apparatuses such as video game apparatuses and 

the Jike, various operations are executed using an operating device. Accordinglyt 

multiple operating buttons are provided on the operating device, and the user controls 

the entertainment apparatus by operating these buttons in various ways, thereby moving 

15 a chrttacter displayed on a television set, for example. 

Conventionally, many of such operating devices have been configured with a 

cross-shaped or round direction indicating operating button positioned on the left side 

of the front thereof, and multiple multi-purpose buttons on the right side of the front 

thereof. 

20 These indicating operating buttons and multi-pm:pose buttons are configured of 

tact sWitches of rubber switches, and characters are digitally moved or the states of 

characters ate digitally changed by performing on/off operation of these switches. 

As d~~cribed above, with conventional entertainment apparatuses, the direction 

indicating operating buttons and the multi-purpose buttons· only have functions for 

25 digitally changing characters displayed on a television set, so the movement and state 

change of characters become non-continuous, and thllS tbete has been the problem of 

being jerky when viewed. 
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In order to solve this problem, with the game apparatus operating device 

disclosed in Japanese Unexamined Patent Application Publication No. H?-88252 adds 

analog input devices configured of a trackball, joystick, etc., so that the character 

displayed on the display screen of the television set can be controlled in an analog 

5 manner. Another example of conventional art with such an analog input device added 

is disclosed in Japanese Unexamined Patent Application Publication No. 11-90042. 

However, the operability of analog input devices configured of a trackball, 

joystick, etc., differs greatly from that of the above described direction indicating 

operating buttons and multi-purpose buttons, so it takes time for users who are 

10 accustomed to using the direction indicating operating buttons and multi-purpose 

buttons to thoroughly learn how to operate such analog input devices, which could 

·greatly diminish the enjoyment of the entertainment apparatus for which was intended. 

SUMMARY OF THE INVENTION 

15 The present invention has been made in light of such aspects, and accordingly, it 

is an object thereof to enable digital operating and analog operating, using pressure­

operated operators used in conventional digital operating. . 

In order to achieve the above object, the operating device according to the 

present invention comprises: an operator operable by pressing; a detecting element for 

20 outputting analog signals corresponding to the pressing operation of the operator; first 

digital signal output means for converting analog signals output from the detecting 

element corresponding to the pressing operation of the operator into digital signals 

comprising multiple bits according to the output level thereof; second digital signal 

output means for outputting digital signals comprising single bit according to clµmge in 

25 the analog signals output from the detecting element; and switching means for 

switching output between digital signals output from the first digital signal output 

means and digital signals output from the second digital signal output means. 
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According to the configuration of the present invention, with a single operator 

pressing operation, a digital signal comprising multiple bits enabling analog control is 

output from the first digital signal output means, and on the other hand a digital signal 

comptfsittg1{single bit enabling digital control is output from the second digital signal 

5 outp11t meias. Accordingly, arranging such that these digital signals are selected and 

output by switching means realizes digital operation and analog operation with a single 

operator. 

N~ the detecting element may be a pressure-sensitive element placed at a 

position ·wlit.;fe pressing force acting upon the operator is transferred. Examples of 

10 such•~nsitive elements include resistor pressure-sensitive elements formed of 

presmre.;.SellSitive electroconductive rubber. Hall devices or electrostatic device which 

output analog signals according to the pressing stroke of the operator may be applied, as 

well. 

Also~ the detecting element may comprise an electroconductive member which 

15 moves·in ·conjunction with the operator and has elasticity, and a resistor placed at the 

position where the electroconductive member makes and breaks contact, wherein the 

resistor outputs analog signals according to the area of contact of the electroconductive 

member. Incidentally, the positional relationship of the electroconductive member and 

the resistor may be interchanged. 

20 The electroconductive member preferably is of a configuration which deforms at 

the surface thereof facing the resistor according to the contact pressure applied 

thereupon with ·the resistor, such that the area of contact with the resistor changes, and 

may have forms such as the following: 

(1) A mountain-shaped longitudinal-sectional form. 

25 (2) A trapezoidal longitudinal-sectional form. 

(3) A shape wherein the cross-sectional area becomes smaller in steps 

toward the apex: facing the resistor. 
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(4) The surface facing the resistor has a spherical shape. 

On the other band, the resistor may be formed so as to have a shape wherein the 

cross-sectional area thereof becomes smaller toward the apex facing the 

electroconductive member. Also, the resistor may be configured so as to divide the 

5 contact area of the eiectroconductive member into a plurality of contact areas by gaps, 

and to increase in steps the contact area of the electroconductive member in conjunction 

with the deformation thereof. 

On the other hand, according to a second aspect of the present invention, an 

operating device comprises: an operator operable by pressing; a detecting element for 

10 outputting analog signals corresponding to the pressing operation of the operator; first 

digital signal output means for converting analog signals output from the detecting 

element corresponding to the pressing operation of the operator into digital signals 

comprising multiple bits according to the output level thereof; a digital switch for 

turning on and off according to the pressing operation of the operator; second digital 

15 signal output means for detecting the on/off state of the digital switch and outputting 

digital signals comprising single bits; and switching means for switching output 

between digital signals output from the first digital signal output means and digital 

signals output from the second digital signal output means. 

With the configuration of this aspect of the present invention as well, with a 

20 single operator pressing operation, a digital signal comprising multiple bits enabling 

analog control is output from the first digital signal output means, and on the other hand 

a digital signal comprising a single bit enabling digital control is output from the second 

digital signal output means. Accordingly, arranging such that these digital signals are 

selected and output by switching means realizes digital operation and analog operation 

25 with a single operator. 

Now~ though according to one aspect of the present invention both multiple-bit 

digital signals and single-bit digital signals are generated from analog signals output 
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from tlie;,.ll~g element, according to another aspect of the present invention the 

multiple-bit digital signals are be generated from analog signals output from the 

detectitlg' eletiient while the single-bit digital signals are output by detecting the on/off 

state of a digital switch. 

5 Also, With the operating device according to the present invention, the digital 

switch itiay;tte tonfigured containing first and second fixed terminals, and an 

electrocd'nductive movable member which makes and breaks contact with the first and 

second fixed terminals in conjunction with movement of the operator. 

Also, in the above aspects, the first digital signal output means may comprise: 

10 level dividing means for dividing into a plurality of levels the output level of analog 

. signals -diiij)ut':from the detecting element in conjunction with the pressing operation of 

the operimtt, · aiid AID converting means for converting the analog signals into digital 

signals, ~6-ordhtg to each output level divided by the level dividing means. Thus. 

multiple-bit di8ital signals can easily be output based on the output level of analog 

15 signals3utput1:from the detecting element. 

Now, the level dividing means preferably uniformly divides int<> a plurality of 

levels the output level of the analog signals output from the detecting element in 

conjunction with the pressing operation of the operator. Uniformly dividing the output 

level df the anatog signals output from the detecting element can provide natural and 

20 smooth operability to be obtained which corresponds to the pressing force applied by 

the operator. 

BluEFDESCRIPTION OFTBE DRAWINGS 

Fig. 1 is a plan view illustrating the overview of a video game apparatus with 

25 which the,oJlerltting device according to an embodiment of the present invention is 

used; 

Fig. 2 'ts 8n enlarged plan view of the operating device- shoWn. in Fig. 1; 
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Fig. 3 is a block diagram illustrating the principal portions of the operating 

device according to a first embodiment of the present invention; 

Fig. 4 is a diagram illustrating the properties of the pressure-sensitive element 

shown in Fig. 3; 

5 Fig. 5. is a block diagram illustrating an overall configuration example of the 

operating device according to the first embodiment of the present invention; 

Fig. 6 is a block diagram illustrating a first configuration example for calibrating 

the level dividing unit; 

Fig. 7 is a block diagram illustrating a second configuration example for 

10 calibrating the level dividing unit; 

Fig. 8 is a flowchart il1ustrating an example of a setting program for the 

calibration, applied to the second configuration example shown in Fig. 7; 

Fig. 9 is a flowchart illustrating another example of a setting program for the 

calibration, applied to the second configuration example shown in Fig. 7; 

15 Fig. 10 is a block diagram illustrating a third configuration example for 

calibrating the level dividing unit; 

Fig. 11 is a diagram for describing the calibration action with the third 

configuration example shown in Fig. 10; 

Fig. 12 is a block diagram illustrating a fourth configuration example for 

20 calibrating the level divi~g unit; 

Fig. 13 is an exploded, perspective view of operating buttons {operators) 

provided in the second operating unit according to the first embodiment; . 

Fig. 14 is an exploded, perspective view of a first configuration example of the 

second operating unit according to the first ·embodiment; 

25 Fig. 15 is a frontal cross-sectional view of the first configuration example of the 

second operating unit according to the first embodiment; 

Fig. 16 is an exploded, perspective view of a second configuration example of 
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-the-second operating unit according to the firSt embodiment; 

Fig. 17 is a frontal cross-sectional view of the second configuration example of 

·t1te second operating unit according to the first embodiment; 

Fig. 18 is an exploded, perspective view of a third configuration example of the 

-5 '~ofttf &perating unit according to the first embodiment; 

Fig. I 9 is a frontal cross-sectional view of the third configuration example of the 

·_ seecihd' operating unit according to the first embodiment; 

Fig. 20 is an exploded, perspective view illustrating a configuration example of 

a flisf operating unit according to the first embodiment; 

10 Fig. 21 is a frontal cross-sectional view illustrating a configuration example of 

· ·tfie fitst ·operating unit according to the first embodiment; 

-Fig. 22 is an exploded, perspective view illustrating a configuration example of 

-'" 'it'11ifrd Operating unit according to the first embodiment; 

Fig. 23 is a frontal cross-sectional view illustrating a configuration example of 

'15 the-third operating Wlit according to the first embodiment; 

Fig. 24 is a block diagram illustrating the principal portions of the operating 

device according to a second embodiment of the present invention; 

Fig. 25 is a block diagram illustrating an overall configuration example of the 

. operating' device according to the second embodiment of the present invention; 

20 Fig. 26 is a block diagram illustrating another overall configuration example of 

the·Oj>erating device according to the second embodiment of the present invention; 

·Fig. 27 is an exploded, perspective view of a: first configuration example of the 

second operating unit according to the second embodiment; 

Fig. 28 is a frontal cross-sectional view of the first configuration example of the 

25 second operating unit according to the second embodiment; 

Fig. 29 is an exploded, perspective view of a second configuration example of 

the second operating unit according to the second embodiment; 
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Fig. 30 is a frontal cross-sectional view of the second configuration example of 

the second operating unit according to the second embodiment; 

Fig. 3 lA is a plan view of a third configuration example of the second operating 

unit according to the second embodiment; 

5 Fig. 31 B is a bottom view of the third configuration example of the second 

operating unit according to the sec_ond embodimep.t; 

Fig. 32 is a frontal cross-sectional view of the third configuration example of the 

second operating unit according to the second embodiment; 

Fig. 33 is a frontal cross-sectional view of a fourth configuration example of the 

10 second operating unit according to the second embodiment; 

Figs. 34A-34C are frontal cross~sectional views of a configuration example of 

the second operating unit according to a third embodiment of the present invention; 

·Fig. 35 is a diagram illustrating the circuit configuration of the resistor shown in 

Fig. 34; 

15 Fig. 36 is a diagram illustrating the properties of analog signals output from the 

output terminal of the resistor shoWn in Fig. 35; 

Fig. 37 is a block diagram. illustrating the primary portions relating to the second 

operating unit according to the third embodiment; 

Fig. 38 is a diagram for describing the functions of the division range setting 

20 unit for the second operating unit according to the thir4 embodiment; 

Fig. 39 is a frontal cross-sectional view of a configuration example of the first 

operating unit according to the third embodiment of the present invention; 

Fig. 40 is a diagram illustrating the circuit configuration of the resistor shown in 

-~·. Fig. 39; 

25 Fig. 41 is a diagram illustrating the properties of analog signals output from the 

output terminal of the resistor shown in Fig. 40; 

Fig. 42 is a block diagram illustrating the primary portions relating to the first 
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operating unit according to the third embodiment; 

Fig. 43 is a diagram for describing the functions of the division range setting 

unit for the first operating unit according to the third embodiment; 

Figs. 44A-44D are diagrams illustrating a variation example of the detecting 

5 element, wherein 

10 

Fig. 44Ais a frontal cross-sectional view of the operating unit including 

the detecting element; 

Fig. 44B is a frontal view of the electroconductive member; 

Fig. 44C is a view of the electroconductive member from below; and 

Fig. 440 is a characteristic diagram for analog signals output from the 

output tenninal of the resistor; 

Figs. 45A-45D are diagrams illustrating another variation example of the 

detecting element, wherein 

Fig. 45A is a frontal cross-sectional view of the operating unit including 

15 the detecting element; 

Fig. 4SB is a frontal view of the electroconductive member; 

Fig. 45C is a view of the electroconductive member from below; and 

Fig. 45D is a characteristic diagram fur analog signals output from the 

output terminal of the resistor; 

20 Figs. 46A-46D are diagrams illustrating another variation example of the 

25 

detecting element, wherein 

Fig. 46A is a frontal cross-sectional view of the operating unit including 

the detecting element; 

Fig. 468 is a frontal view of the electroconductive member; 

Fig. 46C is a view of the electroconductive member from below; and 

Fig. 46D is a characteristic diagram for analog signals output from the 

output terminal of the resistor; 



W000/64548 PCT/JP00/02625 

5 

- 10 -

Figs. 47 A-4 7D are diagrams illustrating another variation example of the 

detecting element, wherein 

Fig. 47Ais a frontal cross-sectional view of the operating unit including 

the detecting element; 

Fig. 47B is a frontal view of the electroconductive member; 

Fig. 47C is a view of the electroconductive member from below; and 

Fig. 47D is a characteristic diagram for analog signals output from the 

output terminal. of the resistor; 

Figs. 48A-48D are diagrams illustrating another variation example of the 

10 detecting element, wherein 

15 

Fig. 48A is a frontal cross-sectional view of the operating unit including 

the detecting element; 

Fig. 488 is a frontal view of the electroconductive member; · . . 

Fig. 48C is a view of the electroconductive member from above; and 

Fig. 48D is a characteristic diagram for analog signals output from the 

output terminal of the resistor; 

· Figs. 49A-49D are diagrams illustrating another variation example of the 

detecting element, wherein 

Fig. 49Ais a frontal cross-sectional view of the operating unit including 

20 the detecting element; 

Fig. 49B is a frontal view of the electroconductive member; 

Fig. 49C is a view of the electroconductive member from above; and 

Fig. 49D is a characteristic diagram for analog signals output from the 

output terminal of the resistor; 

25 Figs. SOA-SOD are diagrams illustrating another variation example of the 

detecting element, wherein 

Fig. 50A is a frontal cross-sectional view of the operating unit including 
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the detecting element; 

Fig. SOB is a frontal view of the electroconductive member; 

Fig. SOC is a view of the electroconductive meinber from above; and 

Fig. SOD is a characteristic diagram for analog signals output from the 

5 output tenninal of the resistor; 

10 

Figs. 51A-51D are diagrams illustrating another variation example of the 

detedIBg;~1C9iient, wherein 

·Fig. SIA is a frontal cross-sectional view of the operating unit including 

the ~tec~ng' element; 

Fig. SIB is a frontal view of the electroconductive member; 

Fig. 51 C is a view of the electroconductive member from above; and 

Fig. 51 D is a characteristic diagram for analog signals output from the 

output tefuiiitaI of the resistor; 

:Fig$. ·s2A-52D are diagrams illustrating another variation example of the 

15 detecting element, wherein 

Fig. 52A is a frontal cross-sectional view of the operating unit including 

the deteefuig element; 

Fig. 528 is a plan view of the resistor; 

Fig. 52C is a plan view of another example of the fonn of the resistor; 

20 and 

25 

Fig. 52D is a plan view of yet another example of the form of the 

resistor; and 

Fig. 53 is a :frontal cross-sectional view of another vananon example of the 

detecting element. 

DESCRIPTION OFTHE PREFERRED EMBODIMENTS 

The embodiments of the present invention will hereinafter be described with 
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reference to the drawings. 

. The operating device according to the embodiment of the present invention is 

connected to a video game apparatus serving as an entertainment apparatus, and is 

capable of digital or analog control of characters displayed on the display screen of a 

5 television set. 

(Overview of the Device) 

Fig. 1 is a plan view illustrating the overview of a video game apparatus with 

which the operating device according to an embodiment of the present invention is use<l 

As shown in the Fig. 1, the video game apparatus has a main game unit 100 connected 

10 to a television set to be used as a display, and an operating device 200 connected to the 

main game unit 100. 

Built into the main game unit l 00 are a disk driving unit 101 for reproducing 

optical disks upon which game programs are recorded, an image processing device for 

displaying characters along with background screens on the screen of the television set 

15 according to the game programs recorded on the optical disks, and so forth. Also 

provided in the main game unit 100 are a reset switch 102 for resetting a game in play, a 

power source switch 103, and a lid opening operation button 105 for opening the lid 

104 which opens and closes the disk mounting unit for ~e disk driving unit 101. 

Connection of the operating device 200 to the main game unit 100 is made 

20 through a connecting cord 202 extended from the main device unit 201. A connector 

203 is provided in the tip of the connecting cord 202, and the operating device 200 is 

connected to the main game unit 100 by connecting this connector 203 into a jack 106 

provided in one side of the main game unit 100. 

Fig. 2 is a plan view illustrating the exterior of the operating device. Provided 

25 in the main device unit 201 of the operating device 200 are first and second operating 

units 210 and 220 on the upper plane thereof:. and third and fourth operating units 230 

and 240 on the side thereof. 
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The first operating unit 210 has a cross-shaped operatillg member 211 for 

operating by pressing, with operating keys 21 la forming operators extending in the four 

directions -frOm this operating member 211. This first operating unit 210 is for 

providing motion to characters displayed on the screen of the television set, and has 

5 functions of moving the character vertically and horizontally by pressing the operating 

keys 21 la of the operating member 211. 

The second operating unit 220 has four cylindrical operating buttons 221 

(operators) for operating by pressing. Each operating button 221 has identification 

marks.scichas "011
, "A.11

, "O", and "X" inscribed on the top portion thereof, so that each 

10 operating button 221 can be easily identified. The :functions of the second operating 

unit 220 are set by the game program recorded in the optical disk, e.g., functions for 

changing the.state of the game character are appropriated to each operating button 221. 

_ For example, nmctions for moving the character's left ~ right arm, left leg, and right 

leg, are appropriated to the operating buttons 221. 

15 The-third and fourth operating units 230 and 240 have generally the same 

structure, and each has two vertically arrayed operating buttons 231 and 241 (operators) 

for operating by pressing. The functions of the third and fourth operating units 230 

and 240 are 81.so set by the game program recorded in the optical disk, e.g., functions 

are approi)riated for special motions for the game character. 

20 Fuither, a joystick 251 for performing analog operations is provided in the main 

device unit 201 shown in Fig. 2. The user switches between the joystick 251 and the 

first and.seCClnd operating units 210 and 220 to enable use of one or the other. This 

switching is performed by an analog selection switch 252 provided in the main device 

unit 201. once the joystick 251 is selected. the display unit 253 provided on the main 

25 deVice unit 201 is lit, indicating the state of the joystick 251 having been selected. 

Also
1
provided in the main device unii 201 are a start sWitch 254 for instructing 

the start of the game, a selection switch 255 for selecting the difficulty and the like of 
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the game at the time of starting the game, and so forth. 

First Embodiment 

Next, the configuration of the first embodiment of the present invention will be 

described in detail. 

5 Fig. 3 is a block diagram illustrating the principal components of the operating 

device according to the first embodiment of the present invention. 

The operating units 210, 220, 230, and 240 on the operating device 200 

described above are provided with the operating keys 22la of the operating member 

211, operators 11 made up of the operating buttons 221, 231, and 241, and pressure-

10 sensitive elements 12 (detecting elements). 

15 

The pressure-sensitive element 12 may be fonned of pressure-sensitive 

electroconductive robber, and is of a configuration wherein electrodes 12a and 12b are 

·formed at the two edge portions at symmetrical positions. One electrode 12a is 

connected to the power supply line 13, and a predetermined voltages is applied thereto 

from the electric power source (V cc). The electrical resistance value between the 

electrodes 12a and 12b changes according to the magnitude of pressure applied on the 

pressure-sensitive element 12. 

Generally, the pressure-sensitive element 12 formed of pressure-sensitive 

electroconductive rubber exhibits lowest resistance values in a state where there is no 

20 pressure force applied thereupon, as indicated by the broken line in Fig. 4, and the 

resistance values increase as the pressure force applied thereto increases. Accordingly, 

as illustrated by the solid line in Fig. 4, the other electrode 12b outputs analog signals 

(voltage) which are greatest in a state where there is no pressure force applied, and the 

analog signals (voltage) output decrease as tlie pressure force increases. 

25 The pressure-sensitive element 12 is positioned on the depressing path of the 

operator 11, and as the user performs a pressing operation with the operator 11, the 

resistance value changes under the pressure force, and analog signals corresponding to 



woO'o/64548 PCT/JP00/02625 

- 15 -

the pressure force are output to the electrode 12b side. 

·Also, a microprocessor unit {hereafter abbreviated as ''MPU") 14 for governing 

tlilfoperating device 200 is provided in a board within. This MPU 14 comprises the 

fimcti0n~fof a level dividing unit (LS) 15 for dividing the output level of the analog 

5 ~output from the pressure-sensitive element 12 into multiple levels, an AID 

'con'\tettlltg unit 16 for converting analog signals output from the pressure-sensitive 

e1enient '12 into digital signals according to the output levels divided by the level 

dividirig'unit 15, and a later-described switching device 18, with the electrode 12b of 

·the pressure-sensitive element 12 connected to the input side of the level dividing unit 

10 15. 

As shown in Fig. 4, the level dividing unit 15 has the basic functions of dividing 

the level range of analog signals (voltage) that have been present, in uniform widths. 

The number of divisions can be set arbitrarily. and in the examples shown in Fig. 4, the 

level range of the analog signals (voltage) is uniformly divided into eight. Each of the 

15 individwll output levels Ll through L8 thus uniformly divided are transferred to the 

AID converting unit 16. Incidentally, the level range of analog signals which are 

uniformly divided by the level dividing unit 15 can be arbitrarily changed. 

The AID converting unit 16 converts the analog signals into digital signals and 

outputs, aecording to the output level of the analog signals subjeeted to level dividing 

20 by the level dividing unit 15. That is, multi-bit digital signals are output from the ND 

·converting tlnit 16, according to the above output levels Ll through LS. Now, the 

fuhctions o'f the level dividing unit 15 and the AID converting unit 16 will be described 

with a-s~ific example. For example, let us say that the operating device 200 being 

driven with ·power source voltage of 3.5 V, and that an8.Jog signals· output from the 

25 pressure-sensitive element 12 change within a range from· 0 V to 2.4 V. In the event 

that the level dividing unit 15 divides the output level range 0 V to 2.4 V uniformly into 

eight ste~ the level width for each step is 0.3 V. 
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Accordingly, the level dividing unit 15 performs level dividing so that output 

level of analog signals output from the pressure-sensitive element 12 of 2.4 V to 2.1 V 

is level I (LI), output level of2.l V to 1.8 Vis level 2 (L2), output level of 1.8 V to 1.5 

Vis level 3 (L3), and so on through output level of 0.3 V to 0 V being level 8 (LS). 

5 The AJD converting unit 16 appropriates appropriate multi-value digital signals 

to the output levels thus level-divided, and output these. Multiple-bit, e.g., 16-bit 

digital signals are appropriated to the above output levels, such that level 1 is "If' in 

hexadecimal notation, level 2 is "3f', and so on through "ff'' for level 8. 

The multi-bit digital signals output from the AID converting unit 16 are sent to 

10 the main game unit 100 via an interface 17 provided in the internal board of the 

operating device 200, and action and the like of the game character is executed based.on 

t::i these digital signals. 

i:".°~l The level change of the analog signals output from the pressure-sensitive . 

z:_·. 

element 12 corresponds to the change in pressure force received from the operator 11 as 

15 described above. Accordingly, the multi-bit digital signals output from the AID 

converting unit 16 correspond to the pressure force applied to the operator 11 by the 

user. Controlling the action and the like of the game character by such multi-bit 

digital signals related to the pressing operation by the user enable realization of 

movements smoother in analog fashion as compared to the control by single-bit digital 

20 signals of "l" or "O". 

Also, with the present embodiment, the AID converting unit 16 is configured to · 

function also as single-bit digital signal output means for outputting single-bit (i.e., 1-

bit) digital signals (that is, "1 11 or "0"), according to the change in analog signals output 

from the pressure-sensitive element 12, and outputs one or the other of the multi-bit 

25 digital signals and single-bit digital signals from the AID converting unit 16 by a 

switching operation of the switching device 18. 

With the present embodiment, the switching device 18 is controlled by control 
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signal.S-sent from the main game unit 100 based on game programs recorded in the 

opticld ·disk. That is, control signals for instructing whether to cause the AID 

converting unit 16 to function as means for outputting multi-bit digital signals or to 

finretron'a9 means for outputting single-bit digital signals are output according to the 

5 contents of a game program being executed from an optical disk mounted in the main 

·game unit 100. Based on these control signals, the switching device 18 selects and 

switches the functions of the AID converting unit 16. 

The AID converting unit 16 follows the functions Selected by the switching 

device 18, and converts the analog signals output from the pressure-sensitive element 

10 12 into one or other of multi-bit digital signals or single-bit digital signals, and outputs 

the same. Jn the event that functioning as means for outpUtting multi-bit digital 

signals is selected, the output levels unifonnly divided by the· level dividing unit 15 as 

described above ·are converted into corresponding digital Signals, 'and output to the main 

game unit 100. On the other hand, in the event that ftmctioiling a8 means for 

15 outputting single-bit digital signals is selected, single-bit digital signals of "l 11 or "0" 

output to the main game unit 100, according to the change fu analog signals output from 

the pressure-sensitive element 12. 

Incidentally, the switching device 18 may be configured so as to be switched by 

manual operations by the user. For example, an ammgementmay·be made wherein 

20 functions for switching the switching device 18 are appro-priated·to the analog selecting 

switch 252 provided in the operating device 200, so as to work the switching device 18 

with manual operation of the switch 252, thereby switclltttgthe functions of the AID 

converting unit 16. 

As shown in Fig. 5, in the present embodiment; the first through fourth 

25 operating units 210, 220, 230, and 240 have the configuration' shown in Fig. 3. 

Accordingly, these operating units 210, 220, 230, and 241lihve ~configuration which 

can be used for digital operations and for analog operattdi.$::. Incidentally, a 
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configuration wherein on1y an arbitrarily selected operating unit or arbitrarily selected 

operating units of the first through fourth operating units 210, 220, 230, and 240 has or 

have the configuration shoWn in Fig. 3. 

Now, as described above, the level dividing unit 15 unifonnly divides the output 

5 leve1 of analog signals output from the pressure-sensitive element 12 in preset ranges, 

but in the event that th.ere is an offset between the level range of the analog signals 

(voltage} actually output from the pressure-sensitive element 12 and this set range, there 

may arise a situation where.in digital signals matching the operating state of the operator 

11 cannot be output. 

10 However, there are individual differences in the pressure-sensitive elements 12, 

and there is also irregularity in the power source voltage, so the output ranges of the 

analog signals output from the pressure-sensitive elements 12·provided in the operating 

units 210, 220, 230, and 240 of each operating device 200 also differ. 

Accordingly, the operating device 200 according to the present embodiment is 

15 provided with a calibration :function (division range setting means) for individually 

setting the output level ranges of analog ~ignals divided by the level dividing unit 15. 

Fig. 6 is a block diagram i1lustrating a first configuration example for 

performing calibration of the level dividing unit. With the:configuration shown in the 

Figure, the MPU 14 is provided with memory 20, and the.configuration of the memory 

20 20 is such that the outpU:t level range of analog signals divided by the level dividing unit 

15 is stored in this memory. 20. 

For example, at the·manufacturing line of the operating device 200, a constant 

load such that the resistance value of the pressure-sensitive element 12 is maximal is 

applied to the operating device 200, and the output Jevel of the analog signal output 

25 from the pressure-sensitive element 12 at that time is stored in the memory 20 . 

Making description based on the above-described specific example, it is 

assumed that the voltage level range 0 V through 2.4 V was set so as to be uniformly 
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divided Into-eight steps, for the default value of the level dividing unit 15, and that an 

analog Signid of 2.0·V was output :from the pressure-setisitive element 12 at the time 

thatthellbo've constant load was applied, a digital signal "3f' corresponding to the level 

2 iS ouiputftom the AID converting unit 16, as described above. This digital signal 

5 "3f't is stored in the memory 20, and the output range of the analog signals to be level­

di~ed~bhtdjusted by the level dividing unit 15, based on the setting value. 

Incldtm.tally, the digital signal "3f' is equivalent to the analog signal output level 

2.1 V through 1.8 V, and it is preferable to stipulate beforehand to which voltage value 

within this range the setting is to be ma.de to. For example, stipulation may be made 

10 beforehand so as to set the maximum voltage value of each output level (2.1 V in the 

above example) as the upper limit of the output level range of the analog signals to be 

divided by the level dividing unit 15. 

Fig: 7'.is·a block diagram illustrating a second configuratl<>n example for 

performing cah"bration of the level dividing Wlit. Wrth the configuration shown in the 

15 Figure, memory is not provided in the operating device 200, and instead the 

configuration is such that the output level range of analog signals which the level 

dividing unit 15 divides is stored in built-in memory 111 in the main game unit I 00 to 

which the operating device 200 is connected or in a detachable memory card 112. 

In order to execute the calibration of the level dividing unit 15 using this 

20 configuration, a setting program for executing calibration is: preferably assembled into 

the control program stored in the ROM 110 of the main game unit 100. 

Fig. 8 is a flowchart illustrating an example of such a setting program. 

First, the power of the main game unit 100 is turned on (S 1 ), and the sensitivity 

setting (calibration) of the operating unit is selected by menu selection by the user (S2), 

25 whereby a setting screen is displayed on the television set 120 (S3). The setting 

screen displays a message prompting the user to fu:mly preSs the operator 11 provided 

in a certain operating unit, for example. When the user firmly presses the operator 11 
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according to this display, the output level of the analog signal from the pressure­

sensitive element 12 detected at this time is outputto the main game unit 100 (S4), and 

stored in the built-in memoiy 111 (SS). The above process is repeated for each level 

dividing unit 15 of the operating device 200 (S6), and the sensitivity setting for the 

5 operating unit is thus completed. 

Each level dividing unit 15 provided in the operating device 200 adjusts the 

output level range of the analog signals to be divided, based on the set value stored in 

the built-in memoiy 111 in the main game unit 100. 

Also, a setting program for executing the calibration operation may be 

10 assembled into the game program in the optical disk. 

15 

Fig. 9 is a flowchart for an example of such a setting program. 

First, following mounting of the optical disk on the main game unit 100 (SlO), 

confirmation is made whether or not a memory card 112 is mounted onto the main 

game unit 100 (Sl 1 ), and in the event that a memory card 112 is not mounted, under the 

condition that the user selects sensitivity setting (calibration) of the operating unit by 

menu selection (812), the setting screen is displayed on the television set 120 (Sl3). 

The setting screen displays a message prompting the user to :finnly press the operator 11 . 

· provided in a certain operating unit, for example. When the user firmly presses the 

operator 11 according to this display, the output level of the analog signal from the 

20 pressure-sensitive element 12 detected at this time is output to the main game unit I 00 

(814), and stored in the built-in memoiy 111 (Sl5). The above process is repeated for 

each level dividing unit 15 of the operating device 200 (816), and the sensitivity setting 

for the operating Unit is thus completed.· 

In the event that a memory card 112 is discovered to be mounted in step S 11, it 
~-..~ .. 

~: 25 is determined whether or not a setting value regarding calibration has already been 

stored in the memory card 112 (S 17), and in the event that this is the case, the 

sensitivity setting of the operating unit is ended here. In the case, the level dividing 
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units 15 provided in the operating device 200 adjust the output level range of the analog 

signals to be divided based on the set values stored in the memory card 112. 

O.n the other hand, in the event that a setting value regarding calibration has not 

been:'Stoted: in the memory card I 12, the flow proceeds to step S 12, and the above-

5 deserl~a. cWibration operation is perfonned. Incidentally~ the output level of analog 

signals froin 'the pressure-sensitive element 12 detected in step 815 is stored in the 

memoty;card 112 (S 16). 

Thelevel dividing units 15 provided in the operating device 200-adjustthe 

out,t;ut level range of the analog signals to be divided based on the set values stored in 

10 the memory of the main game unit I 00 or in the memory card 112. 

Fig. l 0 is a block diagram illustrating a third configuration example for 

calibrating the level dividing unit. In the configuration shown in the Figure, two 

voluine elements 21 and 22 are serially inserted in the power source-line to which the 

pressure-sen.Sitive element 12 of the operating device 200 is connected, such that the 

15 intermediate voltage of the power source line 13 can be adjusted by these volume 

elements 21·an.d22. 

Then, the configuration is such that the level dividing unit 15 sets the output 

level range of the analog signals to be divided based on the intermediate voltages Vl 

and V2 of the power source line 13 acljusted by these volume elements 21 and 22, as 

20 shown in Fig. 11. That is, the level dividing unit 15 takes the intermediate voltage Vl 

detected at the volume element 21 closer to the power source V cc as the maximum 

value of the output level range of the analog signals to be divided, takes the 

intermediate voltage V2 detected at the other volume element 22 as the minimum value 

of the output level range of the analog signals to be divided, and unifonnly divides the 

25 output level of the analog signals output from the pressure-senSitive element 12, within 

the range between these intermediate voltages VI and V2. The adjustment of the 

volume elements 21 and 22 should be executed at the time of shipping the operating 
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device 200, for example. 

Also, a configuration may be used wherein fwictions for monitoring the 

intermediate voltages VJ and V2· are added to the level dividing unit 15, so that in the 

event that these intermediate voltages V 1 and V2 change over time or the like, the 

5 output level range of the analog signals to be divided can be adjusted according to the 

changed intennediate voltages V l and V2. Adding such an automatic calibration 

function enables an optimal setting state to be constantly maintained even in the event 

that the intennediate voltages Vl and V2 change due to aging of the pressure-sensitive 

element 12 and volume elements or irregularities in the power source voltage, since the 

10 output level range of the analog signals to be divided is adjusted according to the 

changed intennediate voltages V 1 and V2. 

However, in the event that the level dividing unit 15 constantly performs such 

automatic calibration, output to the main game unit 100 may be delayed. In such cases, 

a configuration can be made wherein the level dividing unit 15 checks the intermediate 

15 · voltages V 1 and V2 of the power source line 13 only at the time of energization the 

operating device 200 and adjusts the output level range of the analog signals to be 

divided.· 

Fig. 12 is a block diagram illustrating a fourth configuration example for 

calibrating the level dividing unit. In the configuration shown in the Figure, two 

20 vol~ elements 21and22 are serially inserted in the power source line 13 to which 

the pressure-sensitive element 12 of the operating device 200 is connected, and further 

the MPU 14 includes a comparator 23 and memory 24. 

The memory 24 stores beforehand the limit value range of the output level of 

analog signals to be divided by the level dividing ·unit 15. For example, the tolerance 

~·~ 25 voltage of the MPU 14 is stored in the memory 24 as the limit value. The comparator 

23 constantly monitors the intermediate voltages Vl and V2 detected by the volume 

elements 21and22, makes comparison of the intermediate voltages Vl and V2 
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(particularly Vl) with the limit value stored in the memory 24, and functions to forcibly 

notify the level dividing unit 15 of the limit value in the event that the intermediate 

\lolfite·has exceeded the limit value. In the event that the level dividing unit 15 

redei'1ts'the limit value from the comparator 23, the level dividing unit 15 adjusts the 

5 outputlewl'range of the analog signals to be divided based on this limit value. 

· · , With' such a configuration, even in the event that analog signals with excessively 

large output levels exceeding the processing capabilities of the MPU 14 are output from 

tlie1p~~sensitive element 12, nonnal operation of the MPU 14 can be compensated. 

Next, a detailed description will be made regarding a configuration example of 

10 the· operating units provided in the operating device 200 according to the first 

embt>dii'il:ent of the present invention described above, with reference to the drawings. 

!Figs. ·t 3 through 15 are diagrams illustrating a first configuration example of the 

second operating unit. 

As shown in Fig. 14, the second operating unit 220 has four operating buttons 

15 221 which are operators 11, an elastic member 222, and a sheet member 223 upon 

which are provided pressure-sensitive elements 12. The operating· buttons 221 are 

mounted from the rear side of mounting holes 201a provided on the upper side of the 

main unit 201, as shown in Fig. 13. The operating buttons 221 mounted to the 

mouliting holes 201a are movable in the axial direction. 

20 The elastic member 222 is fonned of insulating rubber or the like, has elastic 

portions 222a protruding upwards, and supports the lower edges of the operating 

buttons 221 wi'th. the upper walls of the elastic portions 222a. In the event that an 

operating button 221 is pressed, the slope portion of the elastic portion 222a flexes and 

the· upper wall moves in conjunction with the operating buttOn 221. On the other hand, 

25 in the-e~ that the pressure force placed upon the operating button 221 is released, the 

slopep<>itiinfofthe elastic portion 222a which had flexed is restored by elastic force, 

therebypushing the operating button 221 upwards. Th'af i's, the elastic member 222 
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fwictions as a pressing means for restoring an operating button 221 which has been 

pressed down by pressing force, to the original position. 

The sheet member 223 is formed of a thin sheet material which is flexible and 

has insulating properties, such as a membrane or the like. Pressure-sensitive elements 

5 12 are provided in appropriate positions on this sheet member 223, and as shown in Fig. 

15, the pressure-sensitive elements 12 are positioned so as to be facing the operating 

buttons 221 across the elastic member 222. 

Also, with the present example, protrusions 22la are formed on the bottom 

surface of the operating buttons 221 which are the operators 11, and also recessions 

10 222b for supporting the protrusions 221 a are funned to the elastic portions 222a of the 

elastic member 222. When an operating button 221 is pressed, the protrusion 22la 

~, presses the pressure-s~itive element 12 via the recession 222b-ofthe elastic portion 

.1ki 222a. 

:..:, As described above, the electrical resistance values of the pressure-sensitive 

.. -.. 

15 element 12 change according to the pressing force applied from the operating button 

221. Providing a protrusion 22la on the bottom plane of the operating button 221 and 

pressing the pressure-sensitive element 12 with this protrusion 221a enables the · 

pressing force to be transferred to the pressure-sensitive element 12 with high precision. 

However, as a result of pressing the pressme-sensitive element 12 with the 

20 protrusion 221a portion, it cannot be denied that the pressing force of the pressure­

sensitive element 12 and the elastic member 222 acting on the recession 222b becomes 

excessive, thereby reducing the endurance of the pressure-sensitive element 12 and the 

elastic member 222 . 

Accordingly, with the second configuration example shown in Figs. 16 and 17, 

25 the bottom plane of the operating button 221 which is an operator 11 is formed as a flat 

plane, such that the entirety of the flat bottom plane is used to press the pressure­

sensitive element 12. Neither is a recession fonned to the elastic portion 222a of the 
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elastic member 222, and the arrangement is made such that the bottom plate of the 

operating button 221 is supported with the flat plane. According to such a 

configuration, even though the sensitivity properties of transmitting the pressing force 

from the operating button 221 to the pressure-sensitive element 12 decreases, there is 

5 the advantage that the endurance of the pressure-sensitive element 12 and the elastic 

member 222 is improved. 

·Figs. 18 and 19 are diagrams illustrating a third configuration example of the 

secoruh.Jperating unit. 

With the third configuration example shown in these diagrams, the pressure-

10 sensitive elements 12 are directly provided on appropriate positions on the internal 

board 204 built into the operating device 200. Providing the pressure-sensitive 

elements 12 to the internal board 204 allows the sheet member to be omitted and the 

number of parts to be reduced. Of course, the pressure-sensitive elements 12 are to be 

provided at positions to which the pressing force from the operating buttons 221 can be 

15 transmitted. 

Figs. 20 and 21 are diagrams illustrating a configuration example of the first 

operating unit. 

As shown in Fig. 20, the first operating unit 210 comprises a cross-shaped 

operating member 211, a spacer 212 for positioning the operating member 211, and an 

20 elastic member 213 for elastically supporting the operating member 211, and further, as 

shown in Fig. 21, the pressure-sensitive elements 12 are provided at positions facing the 

operating keys 221a (operators 11) of the operating member 211 via the elastic member 

213. 

The·oV'erall construction of the first operating unit210 is already known in 

25 Japanese Unexamined Patent Application Publication No. 8-163672 and so forth, so 

detailed description thereof will be omitted, but the operating member 211 is assembled 

on a half.;.spherical protrusion 212a fanned at the center of the spacer 212 which serves 
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as a fulcrwn thereof, whereby the operating keys 221a (operators) can be pressed to the 

side of the pressure-sensitive elements 12 (see Fig. 21). 

Then, in the event that operating keys 221 a which are the operators 11 are 

pressed, the pressing force thereof acts on the pressure-sensitive elements 12 via the 

5 elastic member 213, such that the electrical resistance values of the pressure-sensitive 

elements 12 change according to the magnitude of the pressing force. In the 

configuration example shown in the Figure, a configuration wherein the pressure­

sensitive elements 12 are directly provided at appropriate positions on the internal 

board 204 built into the operating device 200 is shown, but the pressure-sensitive 

10 

15 

elements 12 may be provided on a sheet material 223 as with the configuration example 

of the second operating unit 220 shown in Figs. 14 and 15. 

Figs. 22 and 23 are diagrams illustrating a configuration example of the third 

operating unit. . 

The third operating unit 230 comprises two operating buttons 231, a spacer 232 

for positioning these operating buttons 231 within the operating device 200, a holder 

232 for supporting the operating buttons 231, an elastic member 234, and an internal 

substrate 235, with the pressure-sensitive elements 12 provided at appropriate positions 

on the internal substrate 235. 

The overall construction of the third operating unit 230 is also known in 

20 Japanese Unexamined Patent Application Publication No. 8-163672 and so forth, so 

detailed description thereof will be omitted, but the operating buttons 231 are 

configured so as to be pressed in for operation, being guided by the spacer 232, and the 

pressing force at the time of pressing operates on the pressure-sensitive elements 12 via 

the elastic member 234. The electrical resistance values of the pressure-sensitive 

25 elements 12 change according to the magnitude of the pressing force applied from the 

operating buttons 231. In the configuration example shown in the Figure, a 

configuration wherein the pressure-sensitive elements 12 are directly provided at 
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appropriate positions on the intemal board 235 built into the operating device 200 is 

shown, but the pressure-sensitive elements 12 may be provided on a sheet material 223 

as with the configuration example of the second ope.rating unit 220 shown in Figs. 14 

and 15. 

5 Note that the fourth operating unit 240 is configmed in the same way as the 

above·described third operating unit 230. 

The-above has been a description of configuration examples of application of 

the first·through fowth operating units 210, 220, 230, and 240 to the present invention, 

but it should be noted that the preset invention is not restricted to an arrangement 

10 wherein all operating units are applied to the present invention; rather, operating units 

to be applied to the present invention may be arbitrarily selected, with the remaining 

operating units being configured in a conventional manner. 

Second Hmbodiment 

Next, a configuration relating to the second embodiment of the present invention 

15 will be described in detail. The components thereof which are the same as those in the 

aboverdescribed first embodiment will be denoted with the same reference numerals, 

and detailed description of such parts will be omitted. 

With the above-described operating device 200 according to the first 

embodiment, the configuration involved analog signals output from the pressure-

20 sensitive elements 12 generating both multi-bit digital signals and single-bit digital 

signals, but in the following second embodiment, the configuration is such that multi­

bit digital signals are generated from analog signals output from the pressure-sensitive 

element 12· and= Single-bit digital signals being output by detection of the on/off state of 

a digital switch. 

25 ·Fig.-24 is a block diagram illustrating the principle portions of the operating 

device accordlng to the second embodiment of the present invention. 

With the present embodiment, the operating units 210, 220, 230, and 240 of the 
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operating device 200 comprise the operating keys 21 la of the operating member 211 

and the operating buttons 221, 231, and 241 making up the operators 11, the pressure­

sensitive elements 12 (detecting elements), and a digital switch 30. Of these, the 

configuration of the operator 11 and pressure-sensitive element 12 is the same as those 

5 provided in the operating device 200 of the above-described first embodiment. · 

The digital switch 30 bas a first and second fixed terminals 31 and 32, and a 

movable member 33 which makes contact or breaks contact with the fixed tenninals 31 

and 32 so as to make or break contact. The movable member 33 moves in according 

with the pressing operation of the operator 11, and makes or breaks contact between the 

10 first and second fixed terminals 31 and 32. Also, the first fixed terminal 31 of the 

15 

digital switch 30 is connected to the electric power source line 13, and a predetermined 

voltage is applied from the electric power source (Vee), as shown in Fig. 24. 

The MPU 14 mounted to the internal board within the operating device 200 · 

comprises, in addition to the functions of the level dividing unit (LS) 15 and AID 

converting unit 16, the functions of a digital signal generating unit 35 for detecting the 

· on/off state of the above digital switch 30 and outputting single-bit digital signals, a 

switching switch I Sa for switching between the output of this digital signal generating 

unit 35 and the AID converting unit 16 and outputting it externally, and a switching unit 

18 for operating this switching switch 18a. 

20 The AID converting unit 16 in the present embodiment only has the function of 

converting analog signals-output from the pressure-sensitive element 12 into multi-bit 

digital signals and outputting the same. 

Also, the digital signal generating unit 35 is connected at the input side thereof 

~·- to the second fixed tenninal 32 of the digital switch 30, and monitors the voltage 

25 change occurring at the fixed terminal 32. That is, in the event that the digital switch 

30 is in the on state, the potential of the second fixed terminal 32 is the same as that of 

the electric power source line 13, and on the other hand, in the event that the digital 
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switch 30 is in the off state, the voltage of the second fixed tenninal 32 is zero. The 

digitalisigftal generating unit 35 thus outputs single-bit digital signals 11011 or "1" 

accotdllig to change in the voltage occUtTing at the second fixed tenninal 32. 

The switching unit 18 is configured so as to be controlled by control signals sent 

5 :fr'om·the·htain game unit 100, based on game programs recorded in an optical disk, in 

this etnbddiment too. That is, at the time of executing the game program recorded in 

the optical disk, control signals are output from the main game unit 100 to instruct 

either connecting the switching switch 18a to the AID converting unit 16 side, or 

comitctiitg·tb.e switching switch 18a to the digital signal generating unit 35 side, 

1 O according to the ·contents of the game program. The switching unit 18 operates the 

swi'lcbing SWitch 18a based on these control signals. 

Incidentally, a configuration may be made wherein the switching unit 18 is 

controlled by manual operation. For example, a configuration can be made wherein an 

analog selection switch 252 provided in the operating device 200 is appropriated with a 

15 function fur switching the switching switch 18, so that manual operation of the analog 

selectidn switch 252 operates the switching switch 18a. 

According to the operating device 200 according to the second embodiment of 

the above configuration, the movable member 33 of the digital switch 30 conducts 

between the first and second fixed tenninals 3.1 and 32 in conjunction with the pressing 

20 open.ti.on of the operator 11, and analog signals are output from the pres.sure-sensitive 

element 12 according to pressing force applied from the opera.tor 11. Then, the digital 

signal genetating unit 35 outputs single-bit digital signals according to the state change 

ofthe.tffgital switch 30, and multi-bit digital signals are output from the AID converting 

unit 16 lit an· output level according to the pressihg force applied to the pressure-

25 sensitive element 12. 

Acci>rdingly, one or the other of single-bit digital signals and multi-bit digital 

signals can be output from the operating device 200 to the main game unit 100, by 
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selection made by the switching switch l 8a. 

As shown in Fig. 25, the present embodiment has a configuration wherein the 

first through fourth operating units 210, 220, 230, and 240 have the configuration 

shown in Fig. 24. Accordingly, these operating units are capable of being selectviely 

5 used for digital operations and for analog operations. Incidentally, as shown in Fig. 26, 

an arrangement may be made wherein only operating units arbitrarily selected from the 

first through fourth operating units 210, 220, 230, and 240 are configured as shown in 

Fig. 24. 

Also, the operating device 200 according to the present embodiment also has a 

10 calibration function (division range setting means) for individually setting the output 

level ranges of analog signals divided by the level dividing writ 1 S, as shown in Figs. 6, 

.. ~~,;.__ 7, 10, and 12. 

ii:•.·· Next, a-detailed description will be given regarding a configuration example of 

:;.:•· the second operating unit provided in the operating device 200 according to the second 

.. ..:. ... ~ .;,•·. ,_,., .. 

15 embodimentof the present invention described above, with reference to the drawings. 

Figs. 27 and 28 are diagram illustrating a first configuration example of the 

second operating unit of the present embodiment. 

As shown in Fig. 27, the second operating unit 220 comprises four operating 

buttons 221 serving as operators 11, an elastic member 222, a sheet member 224 

20 provided with pressme-sensitive elements 12, and a sheet member 225 provided with 

the first and second fixed terminals 31 and 32 of the digital switch 30. Each of the 

operating buttons 221 are mounted :from the rear side to mounting holes 201a formed 

on the upper plane of the main operating unit 201 as with the case in the first 

embodiment described above (see Fig. 13). The operating buttons 221 mounted to the 

25 mounting holes 301a are movable in the axial direction. 

The elastic member 222 is formed of insulating rubber or the like, has elastic 

portions 222a protruding upwards, and supports the lower edges of the operating 
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buttons 221 with the upper walls of the elastic portions 222a. In the event that an 

operating button 221 is pressed, the slope portion of the elastic portion 222a flexes and 

the up~ wall moves in conjunction with the operating button 221. On the other hand, 

in the event that the pressure force placed upon the operating button 221 is released, the 

5 slo~e pbrlion of the elastic portion 222a which had flexed is restored by dastic force, 

thereby pushing the operating button 221 upwards. That is, the elastic member 222 

fim.Ctioris: as a pressing means for restoring an operating button 221 which has been 

pressea· down by the pressing operation, to the original position . 

.Also, the movable member 33 of the digital switch 30 is formed at the itmer side 

10 ceiling pbine of the upper wall of the elastic portion 222a (see Fig. 28). This movable 

memher:3~ is ·ronned of material having electroconductivity; and moves downwards by 

flexing· deformation of the elastic portion 222a in conjunction with the pressing 

operation of the operating button 221. 

The sheet member 225 is fonned of a thin sheet material which is flexible and 

15 has insulating properties, such as a membrane or the like. The first and second fixed 

terminals 31 and 32 are provided in appropriate positions on this sheet member 225, 

and as shown in Fig. 28, the first and second fixed tenn.inals 31 and 32 are positioned so 

as to be tacing the movable member 33. According to this configuration, the movable 

member 33 formed on the upper wall of the elastic portion 222a moves in conjunction 

20 with the pressing operation of the operating button 221 which is an operator 11, comes 

into contact with the first and second fixed terminals 31 and 32, and makes electric 

conducting· betWeen the fixed terminals 31 and 32. 

Also, the sheet member 224 is also formed of a thin sheet material which has 

insulanng·properties. Pressure-sensitive elements 12 are provided in appropriate 

25 portions on tl:iis sheet member 224, and as shown in Fig. 28, the pressure-sensitive 

elements 12 are positioned facing the operating buttons 221 across the elastic material 

222 and the sheet member 225. 
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As described above, the sheet member 225 is formed of a thin sheet which is 

flexible, so the pressing force of the operating button 221 transferred via the upper wall 

of the elastic portion 222a and the movable member 33 can be transferred to the 

pressure-sensitive elements 12 with almost no change. 

5 Figs. 29 and 30 are diagrams illustrating a second configuration example of the 

second operating unit of the present embodiment. 

The second embodiment shown in these drawings is a configuration wherein the 

pressure-sensitive elements 12 are directly provided on appropriate positions on the 

internal board 204 built into the operatin~ device 200. Providing the pressure-

10 sensitive elements 12 to the internal board 204 allows the sheet member 224 to be 

omitted and the number of parts to be reduced. Of course, the pressure-sensitive 

-~ elements 12 are to be provided at positions to which the pressing force from the 

~'' operating buttons 221 can be transmitted. 

·.:,~, Figs. 31 and 32 are diagrams illustratinga third configuration example of the 

15 second operating unit of the present embodiment. 

With the third embodiment shown in these drawings, the first and second fixed 

tenninals 31and32 of the digital switch 30 are provided on the front plane of the sheet 

member 225, and the pressure-sensitive element 12 is provided on the rear side of the 

same sheet member. Of course, the positions of the first and second fixed terminals 31 

20 and 32 and the pressure-sensitive element 12 are arranged so as to face one another 

across the sheet member~. Also, the sheet member 225 is positioned so that the 

pressure-sensitive element 12 is supported in a planar fashion by the inner wall 200a of 

the operating device 200 and the wiring circuit (see Fig. 32). 

25 

According to this configuration, one sheet member can be done away with. 

Fig. 33 is a diagram illustrating a fourth configuration example of the second 

operating unit of the present embodiment. 

With the fourth configuration example shown in the Figure, the movable 
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member 33 of the digital switch 30 is provided in the rear plane side of the sheet 

member 224 to which the pressure-sensitive element 12 has been provided on the front 

side. ~ the position of the sheet members 224 and 225 are changed, such that the 

above ·sheet member 224 is positioned between the sheet member 225 to which the first 

5 and second :fixed tenninals 31 and 32 have been provided and the elastic member 222. 

The sheet member 225 is positioned so as to be supported in a planar fashion by the 

inner wall 200a of the operating device 200 and the wiring circuit (see Fig. 33). 

Note that though with the present embodiment various configuration examples 

have been described regarding the second operating unit 220, similar configurations can 

10 be made-for the other operating units 210, 230, and 240, as well. 

Third Embodiment 

· Next, a configuration relating to the third embodiment of the present invention · 

will be described in detail. The-components thereof which-are the same as those in the 

above-described first embodiment will be denoted with the same reference numerals, 

15 and detailed description of such parts will be omitted. 

With the above·described operating device 200 acci>rding to the first 

embodiment,-the configuration involved using a pressure.sensitive element 12 as the 

detecting element thereof. but with the third embodiment described next, the detecting 

element is configured of a resistor 40 and electroconductive material SO. 

20 Fig. 34 is a diagram illustrating a configuration example of the second operating 

unit according to the present invention. Incidentallyt though the figure only shows one 

operating button 22 I and the related configurations, but the various operating buttons 

221 provided in the second operating unit 220 may be of the same configuration, and 

also· opefating buttons 221 may be arbitrarily sele"Cted and configured as shown in the 

25 Figure. 

That iB;, the scroond operating unit 220 according to the present embodiment 

comprises operating buttons 221 serving as operators 11, an elastic member 222, an 
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electroconductive member 50, and a resistor 40. The electroconductive member 50 is 

formed of electroconductive rubber having elasticity for example, and in the 

configuration example shown in Fig. 34, is formed in a mountain-like shape with the 

apex thereof in the center. This electroconductive member 50 is applied by adhesion 

5 to the inner side ceiling plane of the elastic portion 222a formed in the elastic member 

222. 

Also, the resistor 40 is provided on the internal board 204 for example, facing 

the electroconductive member SO, and is configured such that the electroconductive 

member 50 com.es into contact with the resistor 40 by pressing operation of the 

10 operating button 221. The electroconductive member 50 deforms according to 

pressing force of the operating button 221 (i.e., contact pressure with the resistor 40), 

and the contact area to the.resistor 40 changes as shown in Figs. 34B and 34C. That is, 

in the event that the pressin.s force of the operating button 221 is weak, the area near the 

apex portion of the electroconductive member 50 shaped in a mountain-like form 

15 comses into contact as shown in Fig. 348. In the event that the operator increases the 

pressing force on the operating button 221, the electroconductive member 50 gradually 

deforms from the apex and the contact area increases: 

Fig. 35 is a diagram illustrating the circuit configuration of a resistor. As 

shown in the Figure, the resistor 40 is serially inserted into the electric power source 

20 line 13, and voltage is applied between electrodes 40a and 40b. A model 

representation of the internal resistance of this resistor 40 shows this being divided into 

a fixed resistor 41 and a variable resistor 42, as shown in the Figure. Of these. the 

portion of the variable resistor 42 is equivalent to the contact portion of the 

electroconductive member 50, and changes the re.sistance value according to the contact 

..... 25 area of the electroconductive member 50. That is to say, when the electroconductive 

member 50 comes into contact with the resistor 40, the electroconductive member 50 

serves as a bridge and the current flows through that portion, so the resistance value of 
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the contact portion becomes small. Accordingly, the greater the contact area of the 

electroconductive member 50 is, the more the resistance value of the resistor 40 is 

rednced. 

With the present embodiment, an output tenninal 40c is provided at the center 

6 portion· of the resistor 40, and analog signals corresponding to the pressing force of the 

operathig button 221 (operator 11) is output from this output terminal 40c. 

Fig. 36 is a diagram illustrating the properties of analog signals (voltage) output 

from the output tenninal of the resistor 40. 

F"tist, voltage is applied to the resistor 40 at the time of turning the power on, so 

1 O even ht the event that the operating button 221 is not pressed, a constant analog signal 

(voltage) Vmiil is output from the output terminal 40c (position "a" in the Figure). 

Next,· even in 'the event that the operating button 221 is pressed, the resistance value of 

the·resistor 40 does·not change until the electroconductive member 50 comes into 

contact with the resistor 40, so the output from the resistor 40 remains unchanged at 

15 Vmin. Further, in the event that the operating button 221 is· pressed and the 

electroconductive member 50 comes into contact with the resistor 40 (the pressing 

position denoted by "b" in the Figure), the contact area of the electroconductive 

member 50 as to the resistor 40 subsequently increases according to the pressing force 

of the operating button 221, so the internal resistance of the resistor 40 decreases, and 

20 analog signals (voltage) output from the output tenninal 40c of the resistor 40 increase. 

Then, at the point that the electroconductive member 50 has deformed as much as 

possible, the analog signals (voltage) output from the output tennina140c of the resistor 

40 reach a maximum Vmax (the pressing position denoted by "c" in the Figure). 

Fig. 37 is a block diagram illustrating the principle portions of the operating 

25 device according to the third embodiment of the present invention. 

In the present embodiment as well, the MPU 14 mounted to the internal board 

within the operating device 200 comprises the functions of the level dividing unit 15, 
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AID converting unit 16, and switching unit 18. _ With the present embodiment. analog 

signals (voltage) output from the output terminal 40c of the resistor 40 are input to the 

level dividing unit 15, the output level of the analog signals is divided into a plurality at 

the level dividing unit 15, and further, the AID converting unit 16 converts the analog 

5 signals output from the resistor 40 into digital signals, based on the divided output level. 

10 

15 

The functions of the level dividing unit 15 and AID converting unit 16 are the 

same as with the above-described first embodiment, and the level dividing unit 15 has 

th~ basic function of dividing the level range of analog signals (voltage) output from the 

resistor 40 into uniform widths, as shown in Fig. 36. The number of divisions can be 

arbitrarily set, and with the example shown in Fig. 36, the level range of the analog 

signals (voltage) is uniformly divided into eight. Each uniformly-divided output level 

L 1 through L8 is transferred ~o the AID converting unit 16. -Also, the level range of 

analog signals to -be uniformly divided can be arbitrarily changed with the level 

dividing unit 15. 

The AID converting unit 16 converts analog signals into digital signals and 

outputs the same, according to the output level of the analog signals subjected to level­

division at the level dividing unit 15. That is, multiple-bit digital signals are output 

from the AID converting unit 16, according to the above output levels LI through L8. 

Then, the AID converting unit 16 appropriates appropriate multi-bit digital 

20 signals to each of the output levels subjected to level-division, and outputs. For 

example, 16-bit multi-bit digital signals are appropriated to the above output levels, 

such that level 1 is "lf', level 2 is "3f', and so on through "ft'' for level 8. 

The multi-bit digital signals output from the AID converting unit 16 are sent to 

the main game unit 100 via an interface 17 provided in the internal board of the 

·., 25 operating device 200, and action and the like of the game character is executed by these 

digital signals. 

The level change of the analog signals output from the output terminal 40c of 
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the resistor 40 corresponds to the change in pressure force received from the operating 

button 221 {operator 11) as described above. Accordingly, the multi~bit digital signals 

output from the AID converting unit 16 correspond to the pressure force applied to the 

operating button 221 ·(operator 11) by the user. Controlling the action and the like of 

5 the'.garlte chatacter by such multi-bit digital signals related to the pressing operation by 

the user enable reSnmuon of movements smoother in analog fashion as compared to the 

control by single-bit digital signals of 111" or 11011
• 

Also, with the present embodiment, the AID converting unit 16 is configured to 

function also as binary digital signal output means for outpUtting single-bit digital 

10 signals (i.e., 11111 or "011
), according to the change in analog signals output from the 

outpuf terminal 40c of the resistor 40, and outputs one or the other of the multi-bit 

digital signals and single-bit digital signals from the AID converting unit 16 by a 

switching operation of the switching device 18. 

With the present embodiment, the switching device 18 is controlled by control 

15 signals sent from the main game unit 100 based on game programs recorded in the 

optical disk. That is, controls signals for instructing whether to cause the ND 

converting unit 16 to fimction as means for outputting multi-bit digital signals or to 

function as means for outputting single-bit digital signals are output according to the 

contents of a game program being executed from an optical disk mounted onto the main 

20 game unit 100. Based on these control signals, the switching device 18 selects and 

switches the :functions of the AID converting unit 16. 

The AID converting unit 16 follows the functions sel'ected by the switching 

device 18, and converts the analog signals output from thtrautput tenninal 40c of the 

resistor 40 into one or other of multi-bit digital signals or single-bit digital signals and 

25 outputs the same. In the event that functioning as mean$ for outputting multi-bit 

digital signals is selected, the output levels uniformly divideti by the level dividing unit 

15 as described above are converted into cottesponcling digital signals, and output to 
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the main game writ 100. 

On the other hand, in the event that functioning as means for outputting single­

bit digital signals is selected, single-bit digital signals of" l" or "0" output to the main 

game unit 100, _according to the change in analog signals output from the output 

5 terminal 40c of the resistor 40. That is, in the event that the AID converting unit 16 

recognizes the analog signals output from the output terminal 40c of the resistor 40 as 

being the minimal value Vmin, judgement is made that the operating button is not 

pressed, and a digital signal "0" is output. On the other hand, in the ev~t that 

recognition is made based on the output from the AID converting unit 16, that the 

10 analog signals output from the output terminal 40c of the resistor 40 are not the minimal 

value Vmin, judgement is made that the operating button is pressed, and a digital signal 

. .,. "1" is output . 

. -.'· Incidentally, the switc.hing device 18 may be configured so as to be switched by · 

manual operations by the user. For example, an arrangement may be made wherein 

15 functions for switching the switching device 18 are appropriated to the analog selecting 

switch 252 provided in the operating device 200, so as to work the switching device 18 

manually with the switch 252, thereby switching the functions of the AID converting 

uilit 16. 

Now, as described above, the level dividing unit 15 uniformly divides the output 

20 level of analog signals output from the resistor 40 in preset rang~ but in the event that 

there is an offset between the level range of the analog signals (voltage) actually output 

from the resistor 40 and this preset range, there may arise a situation wherein digital 

signals matching the operating state of the operator 11 cannot be output. 

However, there are individual differences m the resistor 40 and the 

25 electroconductive member 50, and there is also irregularity in the power source voltage, 

so the output ranges of the analog signals output from the resistor 40 of each operating 

device 200 also differ. 
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Accordingly, the operating device 200 according to the present embodiment is 

provided with a division range setting unit 25 for individually setting the output level 

ranges Of analog signals divided by the level dividing unit 15 (see Fig. 37), such that the 

level rabge of the analog signals (voltage) to be divided at the level dividing unit 15 can 

5 be calibrated. 

Fig. 38 is a diagram for describing the :functions of the division range setting 

unit. 

As.shown in Fig. 38, initial setting of the minimal value Vmin and maximal 

value Vmax of the analog signals (voltage) output from the resistor 40 is made 

10 beforehand at the division range setting unit 25. Also, regarding the maximal value 

Vmax, an arbitrary tolerance value a is set beforehand. This arbitrary tolerance value 

a is for absorbing irregularities in the recognition of the output of the· resistor (i.e.,· 

·analog signals) from the information from the AID converting unit -16. Further, a 

judging value"( for judging whether or not the operating button is in a pressed state is 

15 set beforehand around the minimal value Vmin. 

The division range setting llllit 25 executes the calibration operation as foll<>ws 

under such settings. 

Once the power is turned on to the operating device 200, first, the division range 

setting unit 25 recognizes the level Vmin(Real) of the analog signal (voltage) actually 

20 being output from the resistor 40 based on information from the AID converting unit 16, 

in order to adjust the minimal value Vmin of the analog signals (voltage) output from 

the resistor 40. 

At this time. the user may be pressing the operating button 221, so judgement is 

made whether Vmiri(Real) is within the range of the margin of enor tolerance value a 

25 centered around Vmin. In the event that Vmin(Real) is out of the range of (Vmin + 'Y) 

< Vmin(Real) < (Vmin - 'Y ), an action for notifying the user that calibration is running is 

executed. 
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As for this action, for example, a display portion 253 provided in the operating 

device 200 may be lit or may blink, or in the event that the operating device 200 has a 

vibration function built in this function may be activated, or like means can be used. 

Next, under the condition that Vmin(Real) is within the range of (Vmin + y) < 

5 Vmin(Real) < (Vmin - y), the value ofVmin(Real) is compared with Vmin. In the 

event that the comparison results in Vmin(Real) > Vmi~ the initial setting value Vmin 

is set as the minimal value of the analog signals (voltage) output from the resistor 40. 

On ·the other band, in the event that Vmin(Real) < Vmin holds, the actual output value 

Vmin(Real) is newly set as the minimal value of the analog signals (voltage) output 

10 

15 

from the resistor 40. 

Next, the user is made to finnly press the operating button 221 following an 

operating manual or the like, and the level Vmax(Real) of the analog signal (voltage) 

actually being output ·from fu.e resistor 40 based on infonnation output from the AfD 

converting unit 16 is recognized. 

In the event that Vmax(Real) is greater than (Vmax - a.) .which includes the 

tolerance value a , recognition is made that the user has pressed the operating button 221 

to the limit, and thus Vmax(Real) and Vmax are compared. In the event that the 

comparison results in Vmax(Real) < Vmax, the initial setting value Vmax is set as the 

maximal value of the analog signals (voltage) output from the resistor 40. On the 

20 other hand, in the event that Vmax(Real) > Vmax holds, the actual output value 

Vmax(Real) is newly set as the maximal value of the analog signals (voltage) output 

from the resistor 40. 

The division range setting unit 25 controls the level dividing unit 15 so as to 

unifonnly divide the analog signals (voltage) output from the resistor 40, within the 

25 range :from the minimal value Vmin to maximal value Vmax. set as described above. 

Fig. 39 is a diagram illustrating a configuration example of the first operating 

unit according to the present embodiment. 
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With the configuration example of the first operating unit shown in the Figure, 

electroconductive members 50 are applied by adhesion to the inner side ceiling plane of 

the eJ.astic member 213 of the operating keys 21 la (operators 11) of the cross-shaped 

operating member 211 is a corresponding manner. Also, the resistors 40 are arranged 

5 such that singular items are positioned so as to face each of the electrocondu.ctive 

members 50. 

·Fig. 40 is a diagram illustrating the circuit configuration of the resistor. As 

shown in Fig. 40, the resistor 40 is serially inserted into the electric power source line 

13, and voltage is applied between electrodes 40a and 40b. A model representation of 

10 the internal resistance of this resistor 40 shows this being divided into a first and second 

variable resistors 43 and 44. as shown in the Figure. Of these, the first variable 

resistor 43 is arranged such that for example, the electroconductive member 50 moving 

with the operating key for moving the character in the·upwards direction (the up key) 

211~ and the electroconductive member 50 moving with the operating key for moving 

15 the character in the left direction (the left key) 211 a each come into contact therewith, 

and the resistance value changes according to the area of contact with the 

electroconductive members 50. Also, the second variable resistor 44 is arranged such 

that for example, the elect:roconductive member 50 moving with the operating key for 

moving the character in the downwards direction (the down key) 21 la, and the 

20 electroconductive member 50 moving with the operating key for moving the character 

in the right direction (the right key) 21 la each come into contact therewith, and the 

resistance value changes according to the area of contact with the electroconductive 

members SO. 

An output tenninal 40c is provided at the intermediate portion between the 

25 variable resistors 43 and 44, such that analog signals coITCsponding to the pressing 

force of the operating keys 21 la (operators 11) are output from this output tenninal 40c. 

The output from the output terminal 40c can be calculated from the division 
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ratio of the resistance values that the first and second variable resistors 43 and 44 have, 

and for example, with Rl representing the resistance value of the first variable resistor 

43 and R2 representing the resistance value of the second variable resistor 44, and with 

the power source voltage as Vee, the output voltage V manifested at the output terminal 

5 40c can be expressed as follows: 

V=Vcc x R2/(Rl + R2) 

Accordingly, in the event that the resistance value of the first variable resistor 43 

decreases, the output voltage increases, and on the other hand, in the event that the 

resistance value of the second variable resistor 44 decreases, the output voltage 

1 O decreases as well. 

Fig. 41 is a diagram illustrating the properties of analog signals (voltage) output 

from the output terminal of the resistor. 

"First, voltage-is applied to the resistor 40 at the time oftuming the power on, so 

even in the event that the operating keys 21 la of the operating member 211 are not 

15 pressed, a constant analog signal (voltage) VO is output from the output tenninal 40c 

(position "o" in the Figure). 

Next, even in the event that an operating key 21 la is· pressed, the resistance 

value of the resistor 40 does not change until the electroconductive member 50 comes 

into contact with the resistor 40, so the output from the resistor 40 remains unchanged 

20 atVO. 

Further, in the event that the up direction key or left direction key is pressed and 

the electroconductive member 50 comes into contact with the first variable resistor 43 

ponion of the resistor40 (the pressing position denoted by "p" in the Figure), the 

contact area of the electroconductive member 50 as to the first variable resistor 43 

25 ponion subsequently increases according to the pressing force of the operating key 211a 

(operator), so the resistance value at that portion decreases, and analog signals (voltage) 

output from the output terminal 40c of the resistor 40 increase. Then, at the point that 
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the electroconductive member 50 has deformed. as much as possible, the analog signals 

(voltage) output :from the output tenninal 40c of the resistor 40 reach a maximum Vmax 

(the pressing position denoted by 11q11 in the Figure). 

On the other hand, in the event that the down direction key or right direction key 

5 is pressed and the electroconductive member 50 comes into contact with the second 

variable resistor 44 portion of the resistor 40 (the pressing position denoted by "r" in the 

Figure)t the contact area of the electroconductive member 50 as to the second variable 

resistor 44 portion subsequently increases according to the pressing force of the 

operating key 21la, so the resistance value at that portion decreases, and consequently 

10 analog signals (voltage) output from the output terminal 40c of the resistor 40 decrease. 

Then, at the point that the electroconductive member 50 has deformed as muchas 

possible, the analog signals (voltage) output from the output terminal 40c of the resistor 

40 reach a minimum Vmin (the pressing position denoted by "s" in· the Figure). 

The analog signals (voltage) output from the output terminal 40c of the resistor 

15 40 are input to the level dividing unit 15 as shown in Fig. 42, the output level of the 

analog signals is ·divided into a plurality at the level dividing unit 15, and further, the 

AID converting unit 16 converts the analog signals output from the resistor 40 into 

digital signals according to the divided output level. The functions of the level 

dividing unit 15, AID converting unit 16, and switching unit 18, shown in Fig. 42, are 

20 the same as already described based on Fig. 37, so detailed description will be omitted 

here. 

As shown in Fig. 43, initial setting of the non-pressing value VO, minimal value 

Vmin, and maximal value Vmax, of the analog signals (voltage) output from the 

resistor 40 at the time of operating is made beforehand at the division range setting unit 

25 25, for individually setting (calibrating) the output level range of the analog signals 

divided by the level dividing unit 15. Also, regarding the maximal value Vmax, an 

arbitrary tolerance value a is set beforehand, and regarding the minimal value Vmin, an 
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arbitrary tolerance value pis set beforehand. These tolerance values a and pare for 

absorbing irregularities in the recognition of the output of the resistor (i.e., analog 

signals) from the information from the AID converting unit 16. . Further, a judging 

value y for judging whether or not the operating button is in a pressed state is set 

5 beforehand around the analog signal (voltage) VO output in the case of no pressing 

operation. 

The division range setting unit 25 executes the calibration operation as follows 

. under such settings. 

Once the power is turned on to the operating device, first, the division range 

10 setting unit 25 reeognizes the level VO(Real) of the analog signal (voltage) actually 

being output from the resistor 40 based on information from the AID converting unit 16, 

_, ,:';<; in order to adjust the analog .signals (voltage) VO output from the resistor 40 at the time 

of the button not being pressed. 

At this time, the user may be pressing an operating key, so judgement is made 

15 whether or not VO(Real) is within the range of the margin of error tolerance value y 

centered around VO. In the event that VO(Real) is out of the range of (VO+ 'Y) < 

VO(Real) < (VO - y ), an action for notifying the user that calibration is running is 

executed. 

As for this action, for example, a display portion 253 provided in the operating 

20 device may be lit or may blink, or in the event that the operating device has a vibration 

fimction built in this function may be activated, or like means can be used. 

Next, under the condition that VO(Real) is within the range of (VO + 'Y) < 

;; ·· VO(Real) < (VO - y ), the value ofVO(Real) is compared with VO. In the event that the 

comparison results in VO(Real) > VO, the initial setting value VO is set as the value of 

.. , 25 the analog signals (voltage) output from ~e resistor 40 at the time of non-pressing. 

On the other hand, in the event that VO(Real) <VO holds, the actual output value 

VO(Real) is newly set as the minimal value of the analog signals (voltage) output from 
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the resistor 40 at the tlme of non-pressing. 

Next, the user is made to finnly press the up direction key following an 

operating manual or the like, and the level Vmax(Real) of the analog signal (voltage) 

actually being output from the resistor 40 based on infonnation output from the AID 

5 converting urlit 16 is recognized. 

In the event that Vmax(Real) is greater than {Vmax - a) which includes the 

tolerance value a., recognition is made that the user has pressed the up direction key to 

the limit, and thus Vm.ax(Real) and Vmax are compared. In the event that the 

comparison results in Vmax(Real) < Vmax, the initial setting value Vmax is set as the 

10 maxiit1al value of the analog signals (voltage) output from the resistor 40. On the 

other hand, in the event that Vmax(Real) > Vmax holds, the actual output value 

Vmax(Real) is newly set as the maximal value of the analog signals {voltage) output 

from the tesistor 40. 

The same operation is performed for the left direction key also, and the 

15 maximum value Vmax for the analog signals (voltage) output from the resistor 40 at the 

time of pressing the left direction key is set. 

Next, the user is made to firmly press the down direction key following an 

operating manual or the like, and the level Vmin(Real) of the analog signal (voltage) 

actually being output from the resistor 40 based on information output from the AID 

20 converting unit 16 is recognized. 

In the event that Vmin(Real) is greater than (Vmin - ~) which includes the 

tolerance value p, recognition is made that the user has pressed the down direction key 

to the limit, and thus Vmin(Real) and Vmin are compared. In the event that the 

comparison results in Vmin(Real) > Vmin, the initial setting value Vmin is set as the 

25 minimal value of the analog signals (voltage) output from the resistor 40. On the other 

hand, in the event that Vmin(Real) < Vmin holds, the actual· output value Vmin(Real} is 

newly set as the minimal value of the analog signals (voltage) output from the resistor 
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40. 

The same operation is performed for the right direction key also, and the 

minimal value Vmin for:the analog signals (voltage) output frolll the resistor 40 at the 

time of pressing the right direction key is set. 

5 The division range setting unit 25 controls the level dividing unit 15 regarding 

the up direction key and left direction key so as to unifonnly divide the analog signals 

(voltage) output from the resistor 40, within the range from the output VO at the time of 

non .. pressing to the maximal value Vmax, set as described above. The division range 

setting unit 25 also con~ls the level dividing unit 15 regarding the down direction key 

10 and right direction key s9 as to unifonnly divide the analog signals (voltage) output 

from the resistor 40, within the range from the output VO at the. time of non .. pressing to 

the minimal value Vmin~ 

15 

Incidentally, though:in the above description, the up direction key and left 

direction key are appropriated to the first variable resistor portion of the resistor 40, and 

the down direction key and right direction key are appropriated to the second variable 

resistor portion, but the present invention is by no means restricted to this arrangement, 

and it is needless to say that appropriation of the keys and variable resistor portions may 

be carried out arbitrarily.· 

Also, regarding the fist operating unit 210, individually provided resistors 40 

20 may be positioned for the electroconductive members 50 provided for the operating 

keys 211 a of the operating member 211, so as to have a circuit configuration such as 

shown in Fig. 35. In this case, the properties of the analog signals (voltage) output 

from the output tenninal40c of the resistor 40 are as shown in Fig. 36. 

25 

Variation of Detecting Element 

Next, a variation example of the detecting element made up of a resistor 40 and 

electroconductive member 50 will be described. Incidentally, though the following 

description is made regarding an example of a detecting element provided in the second 
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operating unit 220, it iS rieedless top say that application artb.e following detecting 

element can be made to other operating units, as well. 

Figs. 44 through 47 illustrate a detecting element wherein the form of the 

electroconductive member 50 has been changed. Here, Figs. 44A through 47Aare 

5 frontal cross-sectional views of the operating unit including the detecting element, Figs. 

44B through 47B are frontal views of the electroconductive member, Figs. 44C through 

47C are views of the electroconductive member from below, and Figs. 44D through 

47D are properties diagrams for analog signals output from the output terminal of the 

resistor. 

10 The electroconductive members 50 showed in these drawings are of a form in 

each case wherein the area of contact with the resistor 40 is changed according to the 

pressure of contact with the resistor 40. 

That is,- the detecting element ·shown in Figs. 44A-44D is formed so that the 

electroconductive member 50 has a trapezoidal longitudinal-sectional form (a conical 

15 trapezoid in the Figure). With an electroconductive member 50 formed such, ·the apex 

50a of the electroconductive member 50 comes in contact with the resistor 40 in 

conjunction with the pressing operation of the operating button 221, but the apex 50a is 

a flat plane, so the resistance value greatly drops at the instant of contact, and there is 

rapid increase of output voltage (analog signal) as indicated by "a" in Fig. 44D, 

20 following which the output voltage continuously changes in a manner corresponding 

with the pressing force. 

Accordingly, digital on/off action can be realized at the instant of the 

electroconductive member 50 making contact or breaking contact with the resistor 40. 

Now, though the example in Figs. 44A-44D shows a conical trapezoid, other 

25 arrangements may be used for the electroconductive member 50, e.g., longitudinal­

sectional trapezoid forms of pyramids with a triangUJar base, quadrangular base, or 

polygonal base. 
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The detecting element shown in Figs. 45A-45D uses an electroconductive 

member 50 formed having vertical ribs SOb formed on the perimeter of a mountain-like 

formation. Though the electroconductive member 50 with a mountain-like form 

shown in Fig. 24 may buckle in the eyent that the direction of application of pressing 

5 force tilts away from the center axis, forming ribs SOb to the electroconductiye member 

50 as shown in Figs. 45A-45D suppresses the danger of the electroconductive member 

50 bucking. Combining this form with a cross-shaped .operating member 211 such as 

shown in Fig. 39 in particular markedly manifests the effects thereof. 

The detecting element shown in Figs. 46A-46D has the surface of the. 

10 electroconductive member 50 formed in a spherical shape. Bucking of the 

electroconductive member 50 can also be avoided by thus fanning the 

,-:~~ electroconductive member 50 in a spherical shape. 

·_7,.,,;c.· The detecting elem~t shown in Figs. 47 A-470 has the electroconductive 

('T'· member 50 formed in a stepped mountain-like fonn wherein the cross-sectional area 

15 thereof becomes smaller in steps toward the apex facing the resistor 40. With an 

electroconductive member 50 of such a form, the amount of dd.ormation increases as 

the pressing force increases, but in the processes, at the point that the step portion SOc 

comes into contact with the resistor 40, the contact area suddenly increases and the 

resistance value drops. Accordingly, the analog signals output from the output 

20 terminal of the resistor 40 change in steps, as shown in Fig. 47D. Accordingly, 

boundaries at which analog output rapidly changes can be easily recognized, and stable 

level division can be easily made. Also, the analog output changes in steps as to the 

pressing force, so the user can easily adjust the pressing force. 

Figs. 48A through SOD are diagrams illustrating a ~ation example of the 

~ ·· · 25 detecting element wherein the fonn of the resistor 40 has been changed. In the 

drawings, Figs. 48A through SOA are frontal cross-sectional views of the operating unit 

including the detecting element, Figs. 48B through 50B are frontal views of the 
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electroconductive niember, Figs. 48C through SOC are VieWs of the electroconductive 

member from above, and Figs. 480 through SOD are properties diagrams for analog 

signals output from the output tenninal of the resistor. 

The resistors 40 shown in these drawings each have a form wherein the cross-

5 sectional area decreases toward the apex facing the electroconductive member SO. 

With the detecting element shown in Figs. 48A-48D, the resistor 40 is formed in a 

mountain-like shape, such that in the event that the electroconductive member 50 

descends in conduction with the operating button 221, the electroconductive member 50 

comes into contact with the resistor 40 and deforms. The resistor 40 is formed in a 

10 mountain-like shape, so the area of contact with the electroconductive member 50 

increases continuously in accordance with the pressing force, and anafog signals output 

:fi:om the output terminal of the resistor 40 continuously change as shown in Fig. 480. 

The detecting element shown in Figs. 49A-49D is formed so that the resistor 40 

has a trapezoidal longitudinal-sectional form (a conical trapezoid in the Figme). With 

15 a resistor 40 formed such, the apex 40a of the resistor 40 first comes in contact with the 

electroconductive member 50 in conjunction with the pressing operation of the 

operating button 221, but the apex 40a is a flat plane, so there is rapid increase of output 

voltage as indicated by 11a11 in Fig. 49D at the instant of contact, following which the 

output voltage continuously changes in a manner corresponding with the pressing force. 

20 Accordingly, digital on/off action can be realized at the instant of the 

electroconductive mem bet 50 making contact or breaking contact with the resistor 40. 

Now, though the example in Figs. 49A-49D shows a conical trapezoid, other 

arrangements may be used for the resistor 40, e.g., longitudinal-sectional trapezoid 

forms of pyramids with a triangular base, quadrangular base, or polygonal base. 

25 The detecting element shown in Figs. 50A-50D has the surface of the resistor 40 

formed in a spherical shape. Thus forming the resistor 40 in a spherical shape 

provides properties approximately the same as those of the detecting element shown in 
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Figs. 46A-46D. 

The detecting element shown in Figs. SIA-SID has the resistor 40 formed in a 

stepped mountain-like fonn wherein the cross-sectional area thereof becomes smaller in 

steps toward the apex thereof facing the electroconductive member 50. In the process 

5 of a resistor 40 of such form coming into contact while deforming electroconductive 

member 50 in conjunction with the pressing operation, and at the point that the step 

portion 40c of the resistor 40 comes into contact with the electroconductive member 50, 

the contact area sudd~y increases and the resistance value drops. Accordingly, the 

analog signals output from the output terminal of the resistor 40 change in steps, as 

10 shown in Fig. SID. Accordingly, boundaries at which analog signals rapidly change 

can be easily recognized, and stable level division can be easily made. Also, the 

,::!it analog output changes in steps as to the pressing force, so the user can ·easily adjust the 

.. :::r.: 

.. ,~.:~. 

pressing force. 

The detecting element shown in Figs. S2A-52D has the electroconductive 

15 member 50 fanned in amountain-like form and configured so as to divide the contact 

area of the resistor 40 with the electroconductive member 50 by gaps 41, so as to 

increase in steps the contact area with the electroconductive member SO in conjunction 

with the deformation thereof. More specifically, the resistor 40 is formed as shown in 

Figs. S2B-52D. 

20 With the detecting device of the configuration shown in the Figure, the apex of 

the electroconductive member 50 first comes into contact with the center portion 40c of 

the resistor 40, in conjunction with the pressing operation of the operating button 221. 

Subsequently, as the electroconductive member 50 deforms with the increasing pressing 

force, the contact area with the electroconductive member 50 increases in steps in the 

25 order of the perimeter portions 40d, 40e, and 40f of the resistor40, and the resistance 

value decreases accordingly. 

The portions 40a through 40f of the resistor 40 are divided by the gaps 41, so as 
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long as the electrochnductive member 50 passes through ffie gaps 41, there is no change 

in the resistance value, and accordingly the output voltage (analog signal) is generally 

constant. 

Accordingly, the analog signals output from the output terminal of the resistor 

5 40 change in steps, as shown in Fig. 520. Accordingly, boundaries at which analog 

output rapidly changes can be easily recognized, and stable level division can be easily 

made. 

Now, in the detecting elements of the above-described configurations, the 

positions of the resistor 40 and elastic member SO in the operating unit may be reversed. 

10 For example, as shown in Fig. 53, an arrangement may be made wherein the resistor 40 

is applied by adhesion to the inner side ceiling plane of the elastic portion 222a formed 

on the elastic member 222, and the electroc<>fductive member 50 is placed at a position 

facing the resistor 40, yielding the same effects and advantages as the above-described 

detecting elements. 

15 It should be noted that the present invention is by no means restricted by the 

above-described embodiments. 

For example, the operating device according to the present invention is not · 

restricted to application to an operating device 200 for use with a video game apparatus 

as shown in Fig. 2; rather, it is needless to say that the present invention may be applied 

20 to various types of opera.ting devices wherein capabilities can be improved by enabling 

digital operation and analog operation. 

According to the present invention as described above, the configuration is such 

that with the pressing operation of a single operator, multi-bit digital signals enabling 

analog control are output from multi-bit digital signal output means, and on the other 

25 hand, single-bit digital signals enabling digital control are output from binary digital 

signal output means, so both digital operation and analog operation can he realized with 

a single operator, simply by selecting between these digital signals with switching 
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means and outputting the same. 



.- .-·-·-··,.,,......., ~-·-.· ·."":":'ll'r--

W000/64548 

- 53 -

CLAIMES 

I. An operatllig device, comprising: 

an operator operable by pressing; 

PCT/JP00/02625 

1 lllHI llllll lllf 1 tflll 111111 
* C l M S * 

5 a detecting element for outputting analog signals corresponding to the pressing 

operation of said operator; 

first digital signal output means for converting analog signals output from said 

detecting element in response to the pressing operation of said operator into digital 

signals comprising multiple bits according to the output level thereof; 

10 second digital signal output means for outputting digital signals comprising 

single bit according to change in the analog signals output from said detecting element; 

and 

switching means for switching output between digital signals output from said 

first digital signal output means and digital signals output from said second digital 

15 signal output means. 

20 

25 

2. · An operating device according to Claim 1, wherein said detecting element is a 

pressure-sensitive element placed at a position where pressing force acting upon said 

operator is transferred. 

3. An operating device according to Claim 1, wherein said detecting element 

comprises: 

an electroconductive member which moves in conjunction with said 

operator and has elasticity; and 

a resistor placed at the position where said electroconductive member 

makes and breaks contact; 

and wherein said resistor outputs analog signals aceording to the area of contact 
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of said electroconductive member. 111111111111111111111111111111 
C L M S * 

4. An operating device according to Claim 1, wherein said detecting element 

comprises: 

a resistor which moves in conjunction with said operator; and 

an electroconductive member which has elasticity and is placed at the 

position where said resistOr makes and breaks contact; 

and wherein said resistor outputs analog signals according to the area of contact 

of said electroconductive member. 

5. An operating device according to Claims 3 or 4,.wherein said electroconductive 

member is of a configuration which deforms at the surface thereof facing said resistor 

according to the contact p~ssure applied thereupon with said resistor, such that the area 

of contact with said resistor changes. 

6. An operating device according to Claim 5, wherein said electroconductive 

member is formed so as to have a mountain-shaped longitudinal-sectional form. 

7. An operating device according to Claim 5, wherein said electroconductive 

20 member is formed so as to have a trapezoidal longitudinal-sectional fonn. 

25 

8. An operating device according to Claim 5, wherein said electroconductive 

member is formed so as to have a shape wherein the cross-sectional area thereof 

becomes smaller in steps toward the apex facing· said resistor. 

9. An operating device according to Claim 5, wherein said electroconductive 

member is formed such· that the surface facing said resistor has a spherical shape. 
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10. An operating device according to Claim 3 or 4, wherein said ·resistor is formed 

so as to have· a shape wherein the eross-sectional area thereof becomes smaller toward 

the apex facing said electroconductive member. 

11. An operating device according to Claim 10, wherein said resistor iS formed so as 

to have a mountain-shaped longitudinal-sectional fonn. 

12. An operating device according to Claim 10, wherein said resisldt is formed so as 

10 to have a trapeZ<>idal longitudinal-sectional form. 

13. An operating device according to Claim 10, wherein saidresistrir is formed such 

that the surface facing said electroconductive member has-a spherical shape. 

15 14. An opetating device according to Claim 3 or 4, whereii:t said.rdsistor is formed 

so as to have a shape wherein the cross-sectional area thereof beeonies smaller in steps 

toward the apex facing said electroconductive member. 

15. An operating device according to Claims 3 or 4, wherein said electroconductive 

20 member is of a configuration which deforms accordhig to the cohtatt Pfessure applied 

25 

thereupon with said resistor, such that the area of contact with said resistor changes; 

and wherein said resistor divides the contact area of said electroconductive 

member by gaps, and is configured so as to increase in steps the contact area of said 

electroconductive member in conjunction with the deformlltion thereof. 

16. An operating device, comprising: 

an operator operable by pressing; 
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a detecting element for outputting analog signals corresponding to the pressing 

operation of said operator; 

first digital signal output means for converting analog signals output from said 

detecting element in response to the pressing operation of said, operator into digital 

5 signals comprising multiple bits according to the output level thereof; 

a digital switch for turning on and off according to: the pressing operation of said 

operator; 

second digital signal output means for detecting the on/off state of said digital 

switch and outputting digital signals comprising single bits; and 

10 switching means for switching output between digital signals output :from said 

first digital signal output nieans and digital signals output :from said second digital 

signal output means. 

. ...... . .#,.: 

17. An operating device according to Claim 16, wherein said detecting element is a 

15 pressure-sensitive element positioned at a position to which the pressing force acting 

upon said operator is tnms(erred; 

and wherein said digital switch comprises: 

first and second fixed terminals; and 

an electroconductive movable member which makes and breaks contact 

20 with said first and second fixed terminals in conjunction with movement of said 

operator. 

18. An operating device according to Claim 17, wherein first and second fixed 

terminals of said digital ~witch are formed on a sheet member which has flexibility, so 

25 as to transfer the pressing force from said operator to said pressure-sensitive element 

via said sheet member. 
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19. An operamig deVice according to Claim 17, whetefu said pressure-sensitive 

element is fonned on the front side of a sheet member having flexibility, the moving 

member of said digital switch is fanned on the rear side of said sheet member, and said 

first and second fixed terminals are positioned facing said moving member. 

· 20. An operating device according to Claim 17, wherein the first and second fixed 

tenninals of said digital switch are funned on the front side of a sheet member having 

flexibility, and said pressure-sensitive element is formed on the rear side of said sheet 

member. 

21. An operating device according to any of the Claims 1 through 20, wherein said 

first digital signal output means comprises: 

level "dividing means for dividing into a plurality oflevels the output 

level of analog signals output from said detecting element in conjunction with the 

15 pressing operation of said operator; and 

AlD converting means for converting said analog signals into digital 

signals, according to each output level divided by said level dividing means. 

22. An operating device according to Claim 21, wherein said level dividing means 

20 uniformly divides into a plurality the output level of said analog signals output from 

said detecting element in conjunction with the pressing operation of said operator. 


