US005808591A

United States Patent [ (1] Patent Number: 5,808,591
Mantani [45] Date of Patent: Sep. 15, 1998
[54] IMAGE DISPLAY DEVICE, IMAGE DISPLAY 5,523,886  6/1996 Johnson-Williams et al. ......... 359/464
SYSTEM AND PROGRAM CARTRIDGE 5,599,232 2/1997 Darling ....ccoovvviivniiiiinnnn. 463/44
USED THEREWITH FOREIGN PATENT DOCUMENTS
[75] Inventor: Yoshinobu Mantani, Kyoto, Japan A-0301 801 2/1989 Furopean Pat. Off. .
0592 318 4/1994 European Pat. Off. .
[73] Assignee: Nintendo Co., Ltd., Kyoto, Japan 0595705  5/1994  European Pat. Off. .
63-127777  5/1988  Japan .
. 63-314990 12/1988  Japan .
[21]  Appl. No.: 554,888 A-63 306795 12/1988 Japan .
Hed- 1-206798  8/1989 Japan .
[22] Filed:  Nov. 9, 1995 242476 2/1990 Japan .
[30] Foreign Application Priority Data 2-63379  3/1990  Japan .
A 03 116093  5/1991 Japan .
Nov. 11, 1994 [IP]  Japan ....ocooeeeeeeeressessrssiions 6-278010 A-06038246  2/1994 Japan .
A-06 238064  8/1994 I .
[51] Int. CLS oo GO6F 15/00; AG3F 9/24 / apan
[52] US.Cl oo, 345/82; 345/7; 345/8; OTHER PUBLICATIONS
463/43; 463/44; 359/212; 359/214; 359/630 The Privite Eye, by Reflection Technology.
[58] Field of Search ....................... 345/7, 8, 82, 169; . .
359/212, 214, 220, 223, 630; 463/30, 31, Primary Examiner—Raymond J. Bayerl
34. 43, 44 Assistant Examiner—Seth D. Vail
T Attorney, Agent, or Firm—Nixon & Vanderhye P.C.
[56] References Cited [57] ABSTRACT
U.S. PATENT DOCUMENTS A body device 2 is attachably/detachably equipped with a
Re. 34,161  1/1993 Nakagawa et al. ....ccooocerrvvene. 463/44 X program cartridge. The program cartridge 4 stores a game
4,600,200 7/1986 Oka et al. ......... 463/33 program, image data and a column table. The body device 2
4,934,773 6/1990 Becker .....ociviiniriinininnnis 350/6.6 reads the game program from the game cartridge 4 and
4,962,422 10/1990 Ohtomo et al. . executes the game program, and reads and refers to the
27(1)243(3(3)8 Z gg; glflhs tl """"""""""""""""" 4 2;‘2(20)2 image data to display a stereoscopic image with parallax in
,184, ada et al. ..... . . . g .
5305244  4/1994 Newman et al. . 364/708 1 left and r}ght display systems. At this time, the body device
5334901 8 2 reads timing data from the column table in the program
,334, /1994 Wells et al. .ooocoeevceenenenecneccennnn. 345/8 . . e .
5.380.994  1/1995 RAY weooocossrrserssenss e 235472 cartridge 4 1o control light emitting intervals of each LED in
5,422,653  6/1995 Maguire, Jr. . the display units. Thus, the dot pitch of the image is
5,476,010 12/1995 Fleming et al. ....coovverrvveerrennnnens 73/620 corrected to appropriate widths.
5,491,651  2/1996 JANK weooveeemreeeeereeeeeeressrnen 364/708.1
5,493,427 2/1996 Nomura et al. . 16 Claims, 43 Drawing Sheets

____________________________ 1
77772120 TMAGE DISPLAY DNIT 22K | =
i 211 !
| 121
| {LED MIRROR CONTROL I | ¥
! INIT CIRCUIT UNIT !
1 ]
L d i
1 ]
) o2
| ISR [P —— (RPN S (S i /,
________________ (RGNNSO S A
i a0
] t
! TMAGE 1 IMAGE WORK | !
1| UAGE MEMGRY PROCESSING IC NENORY |
]
! 1
1
| [ = =
! i
- !
! SOUND i -2
e tr "] PROCESSING IC | !
]
H 1
E 24 221 26 Z
1 " | "=
o % |
| IMAGE/SOUND :
\DEVICE !
| 41
PROGRAM NEMORY
5 6
BACKUP MEMORY %
CONTROLLER i
|43
BATTERY
4




U.S. Patent Sep. 15, 1998 Sheet 1 of 43 5,808,591

Fig. 1




U.S. Patent Sep. 15, 1998 Sheet 2 of 43 5,808,591

Fig. 2
____________________________ 1
i 212l IMAGE DISPLAY INIT ~ 2I2R ! =
N 211 !
I / 121
| | LED MIRROR CONTROL LED | F
| UNIT CIRCUIT UNIT | |
i i
| |
i : 22
| N D —— e e o I //
________________ JE O s Y A
:’ < 7
|
|
! TMAGE IMAGE WORK | !
| IMAGE MEMORY PROCESSING IC MEMCRY I
|
| . \ a, §
E 21” 223 Noo5 |
l ! l
|
' | SouND P L2
i HORK MENORY o PROCESSING IC | !
| , i !
/ ‘ !
E 205 221 298 2
23| | AP i
I
ot % |
| IMAGE/SOLND e B
| PROCESSING SPEAKER |
1DEVICE ;
Y
41 |
PROGRAM MEMORY 7/
£ 6
A 4
CKUP MEMORY 4
BA _
CONTROLLER oy
43
BATTERY {1
\4




U.S. Patent Sep. 15, 1998 Sheet 3 of 43 5,808,591

Fig. 3




5,808,591

Sheet 4 of 43

Sep. 15, 1998

U.S. Patent

LIND¥ID HOSNAS LINDAID HOSNAS
Ca |l % |7 aanua sotok R L
* _ / / €12 | ,
4STE 1512 /
4€1e N (AVA 1e1e
‘ LINDUID
11z~ TOUINGD HOMAIN
R B A Il LIND AV1dSIQ BOVHI -—F~f———
12 SR S i
~ D1 INISSHI0Ud HIVKI "
ggg I
; RIONAR BOVAT :
§.|J ||||||||||||||||||||||||||||||||| -
.Nsmv



U.S. Patent Sep. 15, 1998 Sheet 5 of 43 5,808,591

Fig. 5
PROGRAM MEMORY 41

GAME PROGRAM 4411
BG MAP
CHARACTER DATA 1413
WORLD ATTRIBUTES 144
0BJ ATTRIBUTES 1415
COLUMN TABLE 4416
PARAMETERS 4417
SHUT DOWN PROGRAM 1418
OTHERS 1419

Fig. 6

BACK-UP MEMORY 42

GAME DATA AT SAVE POINT
(VARIOUS VALUES INDICATING
STATE OF GAME)




U.S. Patent Sep. 15, 1998 Sheet 6 of 43 5,808,591

Fig. 7

WORK MEMORY 222

VARIOUS VALUES INDICATING STATE
OF GAME

(THE NUMBER OF MACHINES, STATES
OF MACHINES, POSITIONS OF
MACHINES, POSITIONS OF ENEMIES,
NUMBER OF STAGES, THE NUMBER OF

ITEMS, ETC.)
OTHERS
Fig. 8
IMAGE WORK MEMORY 225

BGMM 2251
WAM 12252
OAM 12253
COLUMN TABLE 1254
VARIOUS PARAMETERS 4—255




U.S. Patent Sep. 15, 1998

Sheet 7 of 43 5,808,591

Fig. 9

IMAGE MEMORY 224

FRAME BUFFER FOR LEFT IMAGE 0 224

FRAME BUFFER FOR LEFT IMAGE 1 |—2242

FRAME BUFFER FOR RIGHT IMAGE 0 {—2243

FRAME BUFFER FOR RIGHT IMAGE 1 |—224

CHARACTER RAM | -2246

SAM

16 BIT DISPLAY DATA

Fig. 10
W31 BACKGROUND COLOR
¥n
W2
T WORLD 31
W0 R
WORLD 2
FORLD 1
WORLD O (THE NEAREST SIDE)




U.S. Patent Sep. 15, 1998 Sheet 8 of 43 5,808,591

Fig. 11

512 DOTS (64 CHARACTERS)

512
DOTS
BASIC BGMAP

4032 1 4033 | 4034 {4035 | » « | 4094|4095

1 CHARACTER
8 x 8



5,808,591

U.S. Patent Sep. 15, 1998 Sheet 9 of 43
Fig. 12
BGMAP ON MEMORY

1 CHARACTER NUMBER FOR O

CHARACTER NUMBER FOR 1

CHARACTER NUMBER FOR 2

1 SEGMENT CHARACTER NUMBER FOR 3
(8K BYTES)

CHARACTER NUMBER FOR 4094

CHARACTER NUMBER FOR 4095

1 WORD

Fig. 13




5,808,591

Sheet 10 of 43

Sep. 15, 1998

U.S. Patent

(4GS ¥d4dAda NO QEAVISIA)
YAQI0 ALIYOINd LSAMOT

(AAIS YMVAN NO qIAV1dSIQ)
YA@I0 ALI¥OI¥d ISHHOIH \

-

/

HO4VES ISdId

NS
IDHYES GNODAS
NS
DHVES CMIIHL "
IDAYAS HIANO 2
0
UAGHON
YO
#1 brq

T dno¥) aindryLiy 4o

¢ dn0Y¥d JLNgIyLLy 4o

£ dNoY) JLNAIYLLY (40

v dN0¥) JN414LLY 40

(ARN

TIdS

OLdS



U.S. Patent Sep. 15, 1998 Sheet 11 of 43 5,808,591

Fig. 15
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JX(-7 << 383) 1
JLON|JRON| JP(-256 << 255) 2
JY(-7 << 223) 3
JPLTS | JCA(L1BITS = 2048) 4

Fig. 16

> X

0BJ DISPLAY COORDINATE
SYSTEM

P e et e m e mm————




5,808,591
SRR R

S o
—

Sheet 12 of 43

Sep. 15, 1998

R B2 R L [ o R o I o - o J o

U.S. Patent

NHQATEH0d ONI.LTUM
NHAATEH0d ONILTUM
NAQA19404 ONILIUM
NAGAT R0 INLLIUA
NAGA1EA0: ONILINA
JALIVIVHD ANVIJEIAQ
ASVE NvYvd
H
A
(S60¥ >> 0) AW
(G52 >> 962-) dN
(S60% >> 0) XK
(€g¢ > 0) AY
(G52 >> 952-) 49
(€8¢ >> 0) X9
ASvd JYWOd dIAO AJS XOS Kod NOJ | NO'T

0 1 ¢ ¢ v S 9 4 8 6 O 1Ir 21 €1 %1 Gl

LI 01



U.S. Patent Sep. 15, 1998 Sheet 13 of 43 5,808,591

Fig. 18

BG MAP

(MX, MY) W

} )

H

AREA TO BE DISPLAYED ON SCREEN

AREA ACTUALLY CUT OUT FROM
BG MAP, SHIFTED BY PARALLAX
\ AMOUNT MP

DISPLAYED IMAGE
(LEFT OR RIGHT)

(GX,GY)




U.S. Patent Sep. 15, 1998 Sheet 14 of 43 5,808,591

Fig. 19(a)
AL

Ve N\
DOT PATTERN 0BJ ATTRIBUTES

JHl L JX=8

I JV=4

JP=20
. il JLON =1
[l JRON=1
il JCA=20

No. 20
Fig. 19(b)
_AL

s N\
DOT PATTERN OBJ ATTRIBUTES

Tl JX =16

I JY=4

i JP=0
il JLON =1
I JRON =1
T JCA=8

No. 8



U.S. Patent Sep. 15, 1998 Sheet 15 of 43 5,808,591

Fig. 19(c)

A
4 N\

DOT PATTERN 0OBJ ATTRIBUTES
I IX =8

JY =12
JP=0
[T JLON =1
T JRON=1
I JCA=10

No. 10

Fig. 19(d)
AL
/ A\

DOT PATTERN 0BJ ATTRIBUTES
JX =16
JY =12
il JP=0
i JLON=1
I JRONG=1

K R T JCA=1023
No. 1023




U.S. Patent

12

Sep. 15, 1998

Sheet 16 of 43

Fig. 20

16

5,808,591

———————— OO

[l

Il

il

il

ll

il

Il

[l

Il

Il

Hi

Il

L

[

i

i

1l

i

i

i

il

i

Il

Il

il

ll

> X



U.S. Patent Sep. 15, 1998 Sheet 17 of 43 5,808,591

Fig. 21(a)
AL
/ A\
DOT PATTERN OBJ ATTRIBUTES
T (x=s
I JY =4
JP=-1
JLONG=1
I JRON=1
T JCA =20
Fig. 21(b)
AL
/ N\
DOT PATTERN 0OBJ ATTRIBUTES
J X =20
I 1Y o4
JP=20
JLON=1
T RO -
JCA=8




U.S. Patent Sep. 15, 1998 Sheet 18 of 43 5,808,591

Fig. 21(c)
A
4 A\

DOT PATTERN OBJ ATTRIBUTES
JX=8

) LR A A JY =18
JP=1
LT JLON=1
JRON=1
IR R JCA=10

Fig. 21(4)
A

' A\

DOT PATTERN OBJ ATTRIBUTES
J X =20
i LT JY =18
JP=2
JLON=1
JRON=1
i iR JCA=1023




U.S. Patent Sep. 15, 1998 Sheet 19 of 43 5,808,591

DISPLAY PICTURE COORDINATES FOR LEFT EYE

(9,4) No. 20 (20,4) No. 8
Il Il

I

Fig. 22(a) T

(7,18) No. 10 (18,18) No. 1023
AT HRIN

I

T O O AL A

DISPLAY PICTURE COORDINATES FOR RIGHT EYE

(7,4) No. 20 (20,4) No. 8

I I
il

it Il

1l

Fig. 22(b) I

(9,18) No. 10 (22,18) No. 1023
JRHNN AL T 1E 0D

LI

R IR




U.S. Patent Sep. 15, 1998 Sheet 20 of 43 5,808,591

Fig. 23
Na20

BLOCK
Na8
\
\
BLOCK
Na10
BLOCK
\ No.1023




5,808,591

Sheet 21 of 43

Sep. 15, 1998

U.S. Patent

1g9. 24

RIGHT EYE SCREEN

LEFT EYE SCREEN

REFERENCE SCREEN

(FRONT)

REFERENCE SCREEN




5,808,591

Sheet 22 of 43

Sep. 15, 1998

U.S. Patent

Fig. 25

RIGHT EYE SCREEN

LEFT EYE SCREEN

(FRONT)

REFERENCE SCREEN

REFERENCE SCREEN

LEFT EYE  RIGHT EYE



5,808,591

Sheet 23 of 43

Sep. 15, 1998

U.S. Patent

1g9. 26

RIGHT EYE SCREEN

LEFT EYE SCREEN

-y —-----

/

REFERENCE SCREEN

(FRONT)

REFERENCE SCREEN

lllllllllll

RIGHT EYE

LEFT EYE



U.S. Patent Sep. 15, 1998 Sheet 24 of 43 5,808,591

Fig. 27

LEFT EYE SCREEN RIGHT EYE SCREEN

eRear A=
CFICE, Terky
Bide 13 +Ey

e
L BG MAP
" (FRONT)
PARALLAXZMP/:Y/: L BC MAP
S WINDOW
(YY)

LEFT EYE  RIGHT EYE



U.S. Patent

Sep. 15, 1998

TRANSFER OR REWRITE DATA 1
NECESSARY TO DRAW PICTURE

| S101

Sheet 25 of 43

5,808,591

Fig. 28

END WORLD ?

DUMMY WORLD ?

¥
n=31 - S102
x=1
S104
n<0? ¥ES
NO
READ WORLD ATTRIBUTE }— S105
OF Wn
S106
YES

S109

YES 0BJ WORLD ? §110
S113 YES NORMAL BG?
\ S111
REFER TO OAM YES H-BIAS BG? NO
¥
DRAF CHARACTER }-S114 YES
DATA OF OBJ ON
FRAME BUFFER
! L S115
X = x+1
PERFORM PICTURE| L S112
DRAWING OF
NORMAL BG
PERFORN PICTUREIF -0
DRARING OF
H-BIAS BG
PERFORM PICTURE
S$108 DRAWING OF
\_ ‘ AFFINE BG
- \ y \
n =l Y



U.S. Patent Sep. 15, 1998 Sheet 26 of 43 5,808,591

Fig. 30
PICTURE DRAWING WORK OF H-BIAS BG
Fig. 29 CALCULATE PICTGRE  }— SL
DRAWING START POSITION
PICTURE DRAWING WORK OF NORMAL BG ON FRAME BUFFER
CALCULATE PICTIRE  }— 201 CALCULATE CUT 0UT  }— 502
DRAWING START POSITION START POSITION ON BG
ON FRAME BUFFER VAP
: 303
CALCULATE CUT 00T 1 5202 READ H-BIAS |
START POSITION ON BG PARAMETERS
MAP !
l 1 S304
5203 CALCULATE PICTURE SIZE

CALCULATE PICTURE SIZE|

RE-CALCULATE READING L S305

S204 POSITION IN X-AXIS
-
SELECT BG MAP DIRECTION FROM BG MAP
ON THE BASIS OF
$205 H-BIAS PARAMETERS
CUT OUT BG FROM BG T~
MAP y
5306
SELECT BG MAP 1T~
DRAW CHARACTER DATA 307
OF BG ON FRAME BUFFER CUT OUT BG FROM BG

MAP

DRAW CHARACTER DATA
OF BG ON FRAME BUFFER




U.S. Patent

Sep. 15, 1998

Fig. 31

Sheet 27 of 43

PICTURE DRAWING WORK OF AFFINE BG

CALCULATE PICTURE
DRAWING START POSITION

+

S401

ON FRAME BUFFER
: 5402
READ AFFINE 1~
PARAMETERS
5403

CALCULATE PICTURE SIZE|

CALCULATE CUT OUT |- 404

POSITION ON BG MAP
FOR EACH 1 DOT ON THE
BASIS OF AFFINE
PARAMETERS

SELECT BG MAP

CUT OUT BG FROM BG 1

MAP

Y

DRAW CHARACTER DATA
OF BG ON FRAME BUFFER

5,808,591



5,808,591

Sheet 28 of 43

Sep. 15, 1998

U.S. Patent

(Sus) a0I¥ad AV1dSIQ

14T YOHYIN 40 NOILVYEIA 40 THAON

TYNIIS YdLJNYYUIN]

¥8¢
vee
— i
¢ ] [ ! “ € “
=
"- m_m |
! LI _ iN
) 8y {iuredg
|||||||||||||||| due g
0

VI



5,808,591

Sheet 29 of 43

(SEG) @0I¥dd AV1dS1a

1413

&

vee

<

(SUG) @01¥dd AV1dSIa

] TYNDIS

JALJMYALNI Y212 YOMMIN
WM 4o NOILVHAIA 40 THAOK

Sep. 15, 1998

U.S. Patent




U.S. Patent Sep. 15, 1998 Sheet 30 of 43 5,808,591

Fig. 34
SCANNING DIRECTION
384
224 IMAGE SCREEN
4",_,_.__———5"\15~ _

ABOUT 0.667m
~ABOUT 2m

! I
\ i
~1.8D ~ -0.5D: f

214L




U.S. Patent Sep. 15, 1998 Sheet 31 of 43 5,808,591

Fig. 35
72L(72R)
= ’[ 71L(71R)
Fig. 36
217L(217R)
1 o / ) |
I |
|_71L(71R)
WIDTH OF FLAG
Fig. 37
7?L(7ZR)



U.S. Patent Sep. 15, 1998 Sheet 32 of 43 5,808,591

Fig. 38 (a)

71L(71R)

(£ TN IR :
—~73
i(_)VING DIRECTION
FLAG OF FLAG
INTERRUPTER 73 l: _
DIRECTION
INTERRUPTER 74
| —
Fig. 38 (b)
71L(71R)
74 73

MOVING DIRECTION

_______________ OF FLAG
-
FLAG J/
INTERRUPTER 73
! —
DIRECTION -

INTERRUPTER 74




5,808,591

Sheet 33 of 43

Sep. 15, 1998

U.S. Patent

VL Y4LJNIYAINI
NOILOY¥1d

W A0 -emmm e
NOTLOHYIQ INIAOK

[l
1
]
1

V/an SN G

(YIL)T1L

(9)68 g

VL

€L YULINYIAINT
IV

(41L)T1L

(v)6s brq

VL Y3LNYYAIN]
NOILD3YId

€L YULANYYAINI
VU



5,808,591

Sheet 34 of 43

Sep. 15, 1998

U.S. Patent

Jdd = 4dd
JAd = dMd

-

(8L12)1LTE

ddd

dMd

NAHHOS HOVNI NO NOIL¥Od NI NI Q. 40 AV1dSIA

(¥612) 1613

SRR

Jddd

-

JRd

NTJHIS dIVRI NO
Y4INd) HHL NI 4. 40 AVIdSIQ

N

A

=\

I

T

0% Vg




5,808,591

Sheet 35 of 43

Sep. 15, 1998

U.S. Patent

Jdd

(4LT2)1LT2

JMd

A

NIFEIS HIVRI NO

Jdd < ddd JAINED HHL NI 4. 40 AVIdSIA

Id = dAd

ddd

N \ ...;T\
ahd e
NAZEDS HOVKI NO NOILY0d GNd NI 4. 40 AVIASIA

[% Vi



U.S. Patent Sep. 15, 1998 Sheet 36 of 43

Fig. 42
BYTE
ADDRESS
COLUMN TABLE }
FOR LEFT EYE ) \ ADDRESS (A-190) ,gII:N%I15 F?‘E‘gD CREDEI})IRESS
READ 96 WORDS
256 WORDS SEQUENTIALLY
(512 BYTES) IN THIS DIRECTION
ADDRESS A | . ADDRESS INDICATED BY
| <77""CTA FOR LEFT SCREEN
COLUMN TABLE : ) DRE
FOR RIGHT BYE ADDRESS (B-190) ,E;Nﬁlf ﬁﬂ; CQE:EN SS
READ 96 WORDS
256 WORDS SEQUENTIALLY
(512 BYTES) IN THIS DIRECTION
ADDRESS B | . ADDRESS INDICATED BY
<===-CTA FOR RIGHT SCREEN
Fig. 43 /223a
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| CTA R | CTA_L |
Fig. 44
223b
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

l REPEAT |

COLUMN_LENGTH |

5,808,591



5,808,591

Sheet 37 of 43

Sep. 15, 1998

U.S. Patent

1g9. 45

20ms

20ms

|
|

]
fampt — — — — -

FLAG

INTERRUPTER
SIGNAL

Fig. 46

20ms

20ms

| | ]
| ] |
| 1 - ] |
| | .
R _.._—
L. —_ e ——
_\\"P.Ill.l. \
s : ,
/. R B
g u )
DRl el bl e
_ “ ~ N |
b S d o - -
BT S VTR
! " “ |
| ! - ! |
| - X 4
e — o - - —_—f -
J 7w Loy
O T ol
If -6 (] _
R R
i " /—Jﬂ. '
! ~< !
| “he =t [
. A, TRt O
ro LA
e -
-
a (8]
=
E
- 8 3
a =E
<EB
o = o




5,808,591

Sheet 38 of 43

Sep. 15, 1998

U.S. Patent

(L¥2Z WYS WOY¥d)
YIYQ A9VAI

(€22 D1 HNISSHI0Yd HOVKI WOuA)

M0T) HOLVT

. ! . . :

AVEEY| o &%M% o |LINDHID| , [dEISIDEY

@1 o i [GONVNIHOT| o | HOLVE o JIES)

/ m 7 7 7 m

A %HNV _‘HWHN “ mm.HN NMHN i HWHN |||||| "

/! (¥€12) 12
(¥¢12) 1212
6F ‘b1

o O

JTEVL NNYI00

0L 4T4V.IdVAV JagHIN
LI9 HLIA SS3Yaav
eoss ~ [ OINI V1D JY¥HANOD

L J4LSTOHY NI V1D F0LS
¢0sS .

6 LINOYID
‘TOYINOD YOYUIN
KO¥d VLD JAIE0EY

T0SS

LF O



U.S. Patent Sep. 15, 1998

Fig. 48

3613

Sheet 39 of 43

M=05.N=3

SET ADDRESS FOR LEFT {—

IN L IN THE CASE OF
LEFT DISPLAY AND
ADDRESS FOR RIGHT IN
R IN THE CASE OF
RIGHT DISPLAY

OR
R:

L=1L2

R-2

READ TIMING DATA (D) }—

ACCORDING TO ADDRESS
(L OR R)

' S
LATCH CLOCK OUTPUT 1~

y

1 COLUMN DISPLAY[—

S609

<

YES

5,808,591

5603

| S604



U.S. Patent Sep. 15, 1998 Sheet 40 of 43 5,808,591

5702
- FCLK RISE {7
5704
5703 y
5705
[0 ‘ >
6= o1 -5 SWITCH BUFFER
5706
' L ST07 ' ,
L_SYNC RISE G = SET VALUE

DISPLAY LEFT EYE - 5738
TMAGE

4

R_SYNC RISE T~

3709

A 4

DISPLAY RIGHT EYE }— 5710
IMAGE




5,808,591

Sheet 41 of 43

Sep. 15, 1998

U.S. Patent

JNIL
JRVYd INY9) T rw INVHA dWVD T
144 IHO1Y 40 184 44T 40 odd IHOIY Jd0 0dd 1447 40
ONISSAI04d ONISSAD0Ud ONISSAI0Ud ONISSHI0Ud
AVIASIA AVIASIA AVIdSId AVIdSIdA
[ (SWOZ) ANVHd AVIISIA T > (SswoZ) AWvdd AYIdSId 1
IS U2q

) §UH]

J1 DNISSE)04d

HOVRI
40 DNISSE004d
AV1dSIA 3IVKI

ONAS 4

INAS 1

d



5,808,591

Sheet 42 of 43

Sep. 15, 1998

U.S. Patent

JiNIL
|
x_lk GNVEL AWV T ]
Td4d IHO1Y 40 Td4 LJ47 40 0dd IHOIY 40 odd Jd47 40
ONISSHI0Ud ONISSHI0Ud ONISSHI08d ONISSID04d
AVIdSId AV1dS1d AVIdSId AVIdSIA
e—————— (SWQZ) ANVEL AVIdSIA T > (SW0Z) IWV¥d AVIdSIA T >
zs ‘g

) YN

J1 INISSHI0Ud
HOVHI

40 DNISSHO0Yd
AVIdSIA 4IVHI
INAS ¥

ONAS™1

¥d



U.S. Patent Sep. 15, 1998 Sheet 43 of 43 5,808,591

Fig. 53

BODY DEVICE 2

SIGNAL PROCESSING KEY INPUT

CIRCUIT RECEIVE

(SHIFT REGISTER) PORTION
63

BATTERY VOLTAGE
MONITORING CIRCUIT

B e e e R . X i Sy S O

J

BATTERY BOX




5,808,591

1

IMAGE DISPLAY DEVICE, IMAGE DISPLAY
SYSTEM AND PROGRAM CARTRIDGE
USED THEREWITH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image display devices,
and more particularly to an image display device which is
used in various electronic equipment with display units,
such as electronic game devices, training devices, educa-
tional equipment, guiding devices, etc.

2. Description of the Background Art

Conventional devices for displaying images at a distance
adjacent to the eyes of a user include the display system
suggested by Reflection Technology in the United States, for
example. (Refer to Japanese Patent Laying-Open No.2-
42476, Japanese Patent Laying-Open No.2-63379) This
display system is sold under the commercial name of “The
Private Eye”. This conventional display system includes an
LED array with a plurality of LED (Light Emitting Diode)
elements arranged in a vertical column, and display data is
provided to this LED array sequentially for each column.
The light in columns emitted from the LED array is reflected
by a mirror reciprocatively moving at high speed and
scanned to display a two-dimensional image.

However, the conventional display system operates such
that each dot width of displayed images is always constant.
Accordingly, the dot width could not be changed depending
on displayed images. This is a serious problem especially
when it is applied to a device used with plural kinds of
program cartridges exchanged. For example, in the case of
an electronic game device, it may be required to change the
screen size among games for the stage effect, the dot widths
must then be adjusted to appropriate values for each kind of
game executed. Further, it is sometimes required to display
special images by forcing uneven dot widths.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an image display device and an image display
system with wide variety of image representation which is
capable of freely changing the dot width according to
displayed images.

It is another object of the present invention to provide a
portable program cartridge connected to the image display
device of the present invention to be used.

A first aspect of the present invention is directed to an
image display device for displaying an image on the basis of
given program data and image data, which includes:

an image display unit including a light emitting element
array in which a plurality of light emitting elements are
regularly arranged along a first direction, a mirror for
reflecting light emitted from the light emitting element
array so that it can be visually recognized by an eye of
a user and reciprocatively moving at high speed in a
certain range to project a planar image in a second
direction almost perpendicular to the first direction, and
a mirror driving circuit for causing the mirror to
reciprocatively move;

a program data storing portion for storing the program
data in a non-volatile manner; an image data storing
portion for storing the image data in a non-volatile
manner;

an image processing portion for producing display data
corresponding to an image to be displayed by the image
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display unit on the basis of the program data stored in
the program data storing portion and the image data
stored in the image data storing portion;

a display data storing portion for temporarily storing the
display data provided from the image processing por-
tion;

a timing data storing portion for writably/readably storing
timing data related to intervals of light emission of the
light emitting element array;

an information processing portion which operates on the
basis of the program data stored in the program data
storing portion to cause the timing data storing portion
to store arbitrary timing data prior to displaying an
image; and

a light emission driving portion for causing the light
emitting element array to emit light on the basis of the
timing data stored in the timing data storing portion and
the display data stored in the display data storing
portion.

According to the first aspect of the present invention, light
emitted from the light emitting element array with a plurality
of light emitting elements arranged along a first direction is
reflected by a mirror which reciprocatively moves at high
speed to scan it in a second direction almost perpendicular
to the first direction, thereby to project a planar image in the
field of view of a user. The timing data storing portion
writably and readably stores timing data related to intervals
for causing the light emitting element array to emit light. The
timing data corresponds to the pitch among dots in the
displayed picture. The information processing portion oper-
ates on the basis of the program data stored in the program
data storing portion to have the timing data storing portion
store arbitrary timing data prior to displaying an image. The
light emitting element array is driven to emit light on the
basis of the timing data stored in the timing data storing
portion and the display data stored in the display data storing
portion. Accordingly, before displaying an image, the timing
data, i.e., the pitches among dots are set to arbitrary values.
That is to say, according to the first aspect of the present
invention, timing data defining the dot pitch can be set freely
before displaying an image. As a result, the dot pitch can be
changed in accordance with an displayed image.

A second aspect of the present invention is directed to an
image display system including an image display device
body for displaying an image on the basis of given program
data and image data and a program cartridge attachably/
detachably connected to the image display device body,
wherein

the image display device body includes;

an image display unit including a light emitting element
array in which a plurality of light emitting elements are
regularly arranged along a first direction, a mirror for
reflecting light emitted from the light emitting element
array so that it can be visually recognized by an eye of
a user and reciprocatively moving at high speed in a
certain range to project a planar image in a second
direction almost perpendicular to the first direction, and
a mirror driving circuit for causing the mirror to
reciprocatively move,

the program cartridge includes;

a program data storing portion for storing the program
data in a non-volatile manner;

an image data storing portion for storing the image data in
a non-volatile manner, and

a first timing data storing portion for storing in a non
volatile manner timing data related to intervals of light
emission of the light emitting element array, and
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the image display device body further includes;

an image processing portion for producing display data
corresponding to an image to be displayed by the image
display unit on the basis of the program data stored in
the program data storing portion and the image data
stored in the image data storing portion;

a display data storing portion for temporarily storing the
display data provided from the image processing por-
tion;

a second timing data storing portion for writably/readably
storing timing data related to intervals of light emission
of the light emitting element array;

an information processing portion which operates on the
basis of the program data stored in the program data
storing portion to read the timing data from the first
timing data storing portion and cause the data to be
stored into the second timing data storing portion prior
to displaying an image; and

a light emission driving portion for causing the light

emitting element array to emit light on the basis of the
timing data stored in the second timing data storing
portion and the display data stored in the display data
storing portion.

According to the above-described second aspect, the
timing data is stored in a non-volatile manner in the first
timing data storing portion in the program cartridge. The
timing data stored in the first timing data storing portion is
read prior to displaying an image and stored in the second
timing data storing portion in the image display device body.
As the program cartridge is detachably attached to the image
processing device body, the timing data defining the dot
pitch can be changed every time the program cartridge is
exchanged, that is, every time the program data is changed.

According to the second aspect, in a preferred
embodiment, two image display units are provided for the
left eye and the right eye. Images with parallax are displayed
in the left eye image display unit and the right eye image
display unit. This enables display of a stereoscopic image.
Furthermore, the light emission driving times of light emit-
ting element arrays of the left eye and right eye image
display units are shifted. This shifts image display timing in
time in the left and right display units. As a result, the peak
power consumption is distributed to be reduced and the
maximum power consumption is reduced. Furthermore, as it
is not necessary to transfer image data simultaneously to the
left and right display units, load on the image display
processing is reduced.

According to the above-described second aspect, in
another preferred embodiment, the timing data stored in the
second timing data storing portion is rewritten according to
instructions from the program data stored in the program
data storing portion. This forces the pitch between dots to be
uneven, to display special images as waving, for example.
The rewriting of the timing data is achieved by operating the
timing data stored in the second timing data storing portion
according to conversion expressions described on the pro-
gram data to obtain new timing data and writing the operated
new timing data into the second timing data storing portion,
for example. Or, a third timing data storing portion may be
provided in the program cartridge, and then timing data
stored in the third timing data storing portion will be read out
and written into the second timing data storing portion.

According to the above-described second aspect, in
another preferred embodiment, the mirror is reciprocatively
moved in a certain angle range and part of the certain angle
range in which the angular velocity of the mirror is stable is

10

15

20

25

30

35

40

45

50

55

60

65

4

used for image scanning. This reduces distortion in an
image. Considering that the mirror may be shifted from an
ideal pivot position, the first timing data storing portion in
the program cartridge preferably stores timing data which
can cover an angle range larger than the angle range used to
scan the image, and the information processing portion reads
all the timing data from the first timing data storing portion
and causes it to be stored in the second timing data storing
portion. More preferably, the image display device body
further includes an offset amount detecting portion for
detecting the a mount of offset with respect to an ideal
reciprocative movement range of the mirror, and the light
emission driving portion changes the range of the timing
data referred to from the second timing data storing portion
according to the amount of offset of the mirror detected by
the offset amount detecting portion. Thus, the most suitable
timing data can be used even if the mirror is shifted.

A third aspect of the present invention is directed to a
program cartridge attachably/detachably connected to an
image display device including an image display unit includ-
ing a light emitting element array in which a plurality of
light emitting elements are regularly arranged along a first
direction, a mirror for reflecting light emitted from the light
emitting element array so that it can be visually recognized
by an eye of a user and reciprocatively moving at high speed
in a certain range to project a planar image in a second
direction almost perpendicular to the first direction, and a
mirror driving circuit for causing the mirror to reciproca-
tively move, for displaying a certain image in the image
display unit on the basis of given program data and image
data, which includes:

a program data storing portion for storing the program

data in a non-volatile manner;
an image data storing portion for storing the image data in
a non-volatile manner; and

a first timing data storing portion storing in a non-volatile
manner timing data related to intervals of light emis-
sion of the light emitting element array; and

the image display device further including a display data

storing portion and a writable/readable second timing
data storing portion, and by executing the program data
stored in the program data storing portion and referring
to the image data stored in the image data storing
portion,

generating display data corresponding to an image to be

displayed by the image display unit,

temporarily storing the generated display data in the

display data storing portion,
reading the timing data from the first timing data storing
portion prior to displaying the image and storing the
data into the second timing data storing portion, and

causing the light emitting element array to emit light on
the basis of the timing data stored in the second timing
data storing portion and the display data stored in the
display data storing portion.

As has been described above, the program cartridge
according to the third aspect of the present invention stores
the program data, the image data and the timing data in a
non-volatile manner, and is attachably/detachably connected
to the image display device. The image display device
executes the program data stored in the program cartridge
and refers to the image data to execute predetermined
operations. That is to say, the image processing device
generates display data corresponding to an image to be
displayed by the image display unit, temporality stores the
generated display data in the display data storing portion,
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reads the timing data from the program cartridge prior to
displaying the image and stores the data in the second timing
data storing portion, and causes the light emitting element
array to emit light on the basis of the timing data stored in
the second timing data storing portion and the display data
stored in the display data storing portion.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing an electronic game
device in use according to an embodiment of the present
invention.

FIG. 2 is a block diagram showing the electric structure
of the electronic game device according to the embodiment
of the present invention.

FIG. 3 is an exploded perspective view showing an
example of the structure of the program cartridge 4 in FIG.
1.

FIG. 4 is a diagram showing more detailed structure of the
image display unit 21 in FIG. 2.

FIG. 5 is a diagram showing a memory map of the
program memory 41 in FIG. 2.

FIG. 6 is a diagram showing a memory map of the backup
memory 42 in FIG. 2.

FIG. 7 is a diagram showing a memory map of the work
memory 222 in FIG. 2.

FIG. 8 is a diagram showing a memory map of the image
work memory 225 in FIG. 2.

FIG. 9 is a diagram showing a memory map of the image
memory 224 in FIG. 2.

FIG. 10 is a schematic diagram for describing the concept
of worlds.

FIG. 11 is a schematic diagram of a basic BG map.

FIG. 12 is a diagram showing the structure of the BG map
on the memory.

FIG. 13 is a diagram showing an example of OBJ created
by combining character blocks.

FIG. 14 is a schematic diagram for describing arrange-
ment of OBJ attribute groups in the OAM and the order of
searching them.

FIG. 15 is a diagram showing an example of data format
of the OBIJ attributes.

FIG. 16 is a diagram showing an OBJ display coordinate
system on the display screen.

FIG. 17 is a diagram showing an example of data format
of world attributes.

FIG. 18 is a diagram showing the relation between a
position at which a BG is cut out developed on the BG map
and a position at which the BG is displayed developed on the
display screen.

FIG. 19 is a diagram showing an example of character
blocks and object attributes prepared to display a certain
OBJ.

FIG. 20 is a diagram showing an OBJ without parallax
displayed using the character blocks in FIG. 19.

FIG. 21 is a diagram showing examples of character
blocks prepared to display a plurality of OBJs with parallax
to each other.

FIG. 22 is a diagram showing the character blocks shown
in FIG. 21 displayed on the left eye screen and the right eye
screen according to the respective OBJ attributes.
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FIG. 23 is a schematic diagram for describing the stereo-
scopic sense when the left and right images shown in FIG.
22 are seen at the same time.

FIG. 24 is a diagram showing a BG displayed on the left
and right screens when parallax on the screen is 0.

FIG. 25 is a diagram showing a BG displayed on the left
and right screens when parallax on the screen is -.

FIG. 26 is a diagram showing a BG displayed on the left
and right screens when parallax on the screen is +.

FIG. 27 is a diagram showing a BG cut out from the BG
map and the BG displayed on the left and right screens when
parallax MP is provided on the BG map.

FIG. 28 is a flow chart showing picture drawing operation
in the embodiment of the present invention.

FIG. 29 is a flow chart showing details in the subroutine
step S112 in FIG. 28.

FIG. 30 is a flow chart showing details of the subroutine
step S116 in FIG. 28.

FIG. 31 is a flow chart showing details of the subroutine
step S117 in FIG. 28.

FIG. 32 is a diagram showing the relation between the
vibration phase of the mirror and the display timing in the
display system on the left side.

FIG. 33 is a diagram showing the relation between the
vibration phase of the mirror and the display timing in the
display system on the right side.

FIG. 34 is a diagram showing a position where the image
screen is projected in the display system on the left side.

FIG. 35 is a diagram showing a photointerrupter and a
flag.

FIG. 36 is a diagram showing the flag attached to the
MIrror.

FIG. 37 is a diagram showing two interrupters provided in
the photointerrupter.

FIG. 38 is a diagram showing the relation between an
output state of the photointerrupter and a moving direction
of the flag when an output of the flag interrupter falls.

FIG. 39 is a diagram showing the relation between an
output state of the photointerrupter and a moving direction
of the flag when an output of the flag interrupter rises.

FIG. 40 is a diagram showing a letter “D” displayed in the
center and in the end part on the image screen before
correction.

FIG. 41 is a diagram showing a letter “D” displayed in the
center and in the end part on the image screen after correc-
tion.

FIG. 42 is a diagram showing arrangement in a column
table on the image work memory.

FIG. 43 is a diagram showing a register for storing the
column reference start address CTA provided in the image
processing IC.

FIG. 44 is a diagram showing a register for storing timing
data provided in the image processing IC.

FIG. 45 is a diagram showing the relation between the
vibration phase of the mirror and a flag interrupter signal
when the mirror has no offset.

FIG. 46 is a diagram showing the relation between the
vibration phase of the mirror and a flag interrupter signal
when the mirror has offset.

FIG. 47 is a flow chart showing the operation when the
image processing IC receives serial data from the mirror
control circuit.

FIG. 48 is a flow chart showing the operation when the
image processing IC reads timing data from the column
table and displays image data.
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FIG. 49 is a block diagram showing more detailed struc-
ture of the LED unit.

FIG. 50 is a flow chart showing the operation of the entire
display system.

FIG. 51 is a timing chart showing the operation of the
entire display system when one display frame is included in
one game frame.

FIG. 52 is a timing chart showing the operation of the
entire display system when a plurality of display frames are
included in one game frame.

FIG. 53 is a block diagram showing an example of
structure of a controller having a power-supply voltage
monitoring function.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Human beings can see two pictures with parallax sepa-
rately with left and right eyes and fuse the two pictures in the
brain to sense the depth. An electronic game device of an
embodiment described hereinafter is configured to display
stereoscopic images to an observer by utilizing the image
fusion action.

Generally speaking, a display screen for the game
includes two general kinds of components. The first com-
ponents include displayed objects having relatively large
display areas and which do not move finely on the screen,
such as mountains, rivers, forests, sky, buildings, etc. The
second components include displayed objects having rela-
tively small display areas and which move finely and rapidly
on the screen, such as a hero, enemies, bullets, missiles, etc.
In the electronic game device of the embodiment described
hereinafter, displayed objects which belong to the first
components are called backgrounds (referred to as BG,
hereinafter) and displayed objects which belong to the
second components are called objects (referred to as OBJ,
hereinafter).

FIG. 1 is a perspective view showing an electronic game
device in use according to one embodiment of the present
invention. FIG. 2 is a block diagram showing the electric
structure of the electronic game device shown in FIG. 1.
Referring to FIG. 1 and FIG. 2, the structure of this
embodiment will be described below.

An electronic game device 1 includes a body device 2, a
support stand 3 coupled to the bottom of the body device 2,
a program cartridge 4 attached to the body device 2 in an
attachable/detachable manner, and a controller 6 connected
to the body device 2 through a cord 5. The body device 2 is
supported on a desk or the like by the support stand 3. A
player looks into the supported body device 2 to see a game
display.

The program cartridge 4 includes a program memory 41
formed of a nonvolatile storage medium, such as ROM and
CD-ROM, a backup memory 42 formed of a rewritable
storage element, such as RAM, and a battery 43 formed of
a lithium battery or the like. As shown in FIG. 3, the program
memory 41, the back-up memory 42 and the battery 43 are
packaged on a substrate 44 having a terminal 45, for
example. The substrate 44 is accommodated in a case
formed of an upper housing 46 and a lower housing 47.

Preferably, the controller 6 is equipped with a battery box
8 which is attachable and detachable. This battery box 8 has
a battery accommodated therein for supplying driving power
to the body device 2. Accordingly, the electronic game
device of this embodiment can be used in places where no
commercial power is supplied (outdoors, on vehicles, etc.)
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When it is not driven with a battery, an AC adapter may be
used to supply commercial power to the body device 2.

The body device 2 includes an image display unit 21, an
image/sound processing device 22, and a transfer port 23.
The image/sound processing device 22 includes a CPU 221,
a work memory 222, an image processing IC 223, an image
memory 224, an image work memory 225, a sound process-
ing IC 226, an amp 227 and a speaker 228. The CPU 221
executes a game program stored in the program memory 41
of the program cartridge 4. The transfer port 23 is connected
to the CPU 221.

The image display unit 21 generally includes a mirror
control circuit 211 and a pair of LED (light emitting diode)
units 2121 and 212R on the left and right. More detailed
structure of the image display unit 21 is shown in FIG. 4. As
shown in FIG. 4, the image display unit 21 further includes
a pair of, left and right, motor drive/sensor circuits 2151 and
215R, a pair of, left and right, lens systems 216L and 216R,
a pair of, left and right, mirrors 2171 and 217R and a pair
of, left and right, voice coil motors 218L. and 218R. The
LED units 2121 and 212R include LED drivers 213L and
213R and LED arrays 2141 and 214R, respectively.

The image display unit 21 displays one picture with 384
dots in the X-axis direction (in the horizontal direction with
respect to the visual field) and 224 dots in the Y-axis
direction (in the vertical direction with respect to the visual
field). Accordingly, the LED arrays 214L and 214R are
formed of 224 L.EDs placed in a row in the Y-axis direction,
respectively. Light beams in columns emitted from the LED
arrays 2141 and 214R impinge upon the mirrors 2171 and
217R through the lens systems 2161 and 216R, respectively,
and are reflected by the mirrors 2171 and 217R, and then
enter the left and right eyes of the player. The mirror control
circuit 211 drives the voice coil motors 218L and 218R,
using the motor d rive/sensor circuits 2151 and 215R. Thus,
the mirrors 2171 and 217R reciprocatively pivot in a certain
period about the supporting points 2191 and 219R. As a
result, the light beam in columns emitted from each LED
array is scanned in the horizontal direction, respectively. The
image processing IC 223 transfers image data for 384
columns from the image memory 224 to the LED driver
213L or 213R while the mirror 2171 or 217R turns once.
Accordingly, the player recognizes an image formed of 384
(transverse) x224 (vertical) dots due to the after image
phenomenon.

FIG. 5 is a diagram schematically showing the structure
of the program memory 41 in FIG. 2. In FIG. §, the program
memory 41 includes areas 411-419. The area 411 stores a
game program. BG maps are stored in the area 412. In the
BG maps, data for character codes (codes corresponding to
character data shown below) for BG (background) display
are described. A plurality (tens of thousands, for example) of
character data are stored in the area 413. Each character data
is 8x8 dot bit map data, by combining which character data
all BG’s and OBJ’s (objects) are represented. One dot is
represented with 2 bits to represent 4-gradation display.
World attributes are stored in the area 414. As will be
described later, the electronic game device of this embodi-
ment forms one image by superposing 32 planes of worlds
on the maximum. The world attributes are attribute infor-
mation necessary to draw each world. OBJ attributes are
stored in the area 415. The OBJ attributes are attribute
information necessary to draw OBJ’s. A column table is
stored in the area 416. This column table includes timing
information described therein for correcting unevenness of
dot pitch in the X-axis direction caused by sine-wave
vibration of the mirrors 2171 and 217R in the image display



5,808,591

9

unit 21. Stored in the area 417 are various parameters
necessary to execute the game (e.g., parameters used in
special display modes, such as H-bias, affine, etc.) A shut-
down program is stored in the area 418. The shut-down
program is a program for automatically shutting down the
progress of the game to prevent accumulation of fatigue of
the player when a certain time period passes after the game
is started. The area 419 stores other data which are necessary
to execute the game.

FIG. 6 is a diagram schematically showing structure of the
back-up memory 42 in FIG. 2. In FIG. 6, game data (various
values indicating states of the game) at each save point are
stored in the back-up memory 42. The back-up memory 42
is formed of RAM and is backed up by the battery 43.
Accordingly, the game data stored in the back-up memory
42 are held even after the power of the body device 2 is
turned off.

FIG. 7 is a diagram schematically showing structure of the
work memory 222 in FIG. 2. In FIG. 7, the work memory
222 stores various values indicating states of the game (the
number of machines on the player’s side, states of the
player’s machines, positions of the machines on the player’s
side, positions of enemies, a number of stages, the number
of items, etc.) and other data.

FIG. 8 is a diagram schematically showing the structure
of the image work memory 225 in FIG. 2. In FIG. 8, the
image work memory 225 includes areas 2251-2255. The
area 2251 is used as a BGMM (BG map memory) for storing
BG maps selectively read from the area 412 of the program
memory 41 (refer to FIG. 5). The area 2252 is used as a
WAM (World Attribute Memory) for storing world attributes
for 32 worlds. The area 2253 is used as an OAM (OBJ
Attribute Memory) for storing OBJ attributes selectively
read from the area 415 of the program memory 41. Stored
in the area 2254 is a column table read from the area 416 in
the program memory 41. Stored in the area 2255 are various
parameters necessary to execute the game (e.g., parameters
used in special display modes, such as H-bias, affine, etc.)

FIG. 9 is a diagram schematically showing the structure
of the image memory 224 in FIG. 2. In FIG. 9, the image
memory 224 includes areas 2241-2247. The area 2241 is
used as a frame buffer (0) for the left image. The area 2242
is used as a frame buffer (1) for the left image. The area 2243
is used as a frame buffer (0) for the right image. The arca
2244 is used as a frame buffer (1) for the right image. Each
frame buffer stores display data for one picture (display data
of 384x224 dots, each bit having a depth of 2 bits). The arca
2246 is used as a character RAM. Stored in the character
RAM are the maximum of 2048 character data read from the
area 413 of the program memory 41 (refer to FIG. 5). The
area 2247 is used as a SAM (Serial Access Memory).
Display data stored in each frame buffer are stored in the
SAM 2247 by every four vertical columns (for every 224x
4x2=1792 bits). The SAM 2247 outputs accumulated dis-
play data to the image display unit 21 by every 16 bits (8
dots).

Although this embodiment adopts the parallax providing
method which is simplified to reduce the amount of
information, it introduces the concept called worlds to
obtain images with more sense of depth. The worlds mean
virtual planes (W0-W31) formed of 32 layers for controlling
picture drawing which exist from this side toward the depths
on the screen as shown in FIG. 10. In this embodiment, the
maximum of 32 planes of worlds can be set, and one BG, or
OBJ’s formed of characters up to 1024 can be placed in each
plane. The image processing IC 223 (refer to FIG. 2)
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sequentially refers to attribute information (world attributes)
set for each world from the deepest world W31 to perform
picture drawing processing of each world to the image
memory 224. That is to say, one image is formed by
superposing the maximum of 32 planes of worlds.

In this embodiment, it is possible to determine the display
priority order between BG/BG, OBJ/BG, OBJ/OBJ by set-
ting the worlds. That is to say, a BG or an OBJ placed on a
world on the relatively nearer side (with a smaller number)
has a higher order of display priority than a BG or an OBJ
on a world on the relatively deeper side (with a larger
number). For example, a BG or an OBJ placed on the N-th
world is written over a BG or an OBJ placed on the N+1-th
world adjacent in the depth direction. Accordingly, if the BG
or OBJ has an overlapping portion between adjacent worlds,
the BG or OBJ on the deeper world is covered with the BG
or OBJ on the nearer world in the overlapping portion and
is not visible on the screen, unless the BG or OBJ on the
nearer world has a transparent portion. The display priority
order is set according to the write order of OBJ attributes on
the OAM 2253 also between OBJ/OBJ placed on the same
world, but the display priority order among worlds has a
higher degree of priority.

In this embodiment, the BG and OBJ are displayed by
different methods, considering differences in nature between
the BG and the OBJ. The methods of displaying the BG and
OBJ will now be described.

First, a description will be made on a method of display-
ing the BG. The BG is displayed by cutting a picture in a
necessary area out of a BG map developed in the BGMM
2251 (refer to FIG. 8) and pasting the cut-out picture in an
arbitrary position on the display screen. It is possible to cut
out a picture in units of one dot in a range from the minimum
of 1 (transverse)x8 (vertical) dots to the maximum of 384
(transverse)x224 (vertical) from the BG map. The coordi-
nates at which cutting-out is started can also be specified in
units of one dot in both X and Y coordinates.

The BG map has a BG image for 512x512 dots as a basic
unit, as shown in FIG. 11. In this embodiment, the basic unit
of the BG is referred to as a segment. One segment is formed
by collecting 64x64 character blocks of 8x8 dots, i.c. 4096.
FIG. 11 schematically shows the BG map, and on the actual
BGMM 2251, as shown in FIG. 12, numbers of the respec-
tive characters are stored in the order of the position num-
bers (04095) on the BG map in FIG. 11. The numbers are
allotted to the respective characters on the character RAM
2246 in the image memory 224 (refer to FIG. 9). That is to
say, the character RAM 2246 stores 2048 character data
selectively transferred from the area 413 of the program
memory 41 (refer to FIG. 5), each character data having a
character number selected from 0 to 2047. Accordingly, on
the BG map, the BG image is represented using the 2048
kinds of characters.

In this embodiment, the BGMM 2251 has an arca which
can store BG maps for 14 segments. Hence, the electronic
game device of this embodiment can use the maximum of 14
BG maps to create one picture. It is also possible to handle
a combination of a plurality of segments as one BG map.
The maximum number of combinable segments is 8.

Next, a method of displaying an OBJ will now be
described. The OBJ is formed by freely combining 8x8 dots
character blocks, as shown in FIG. 13. In other words, by
well controlling display coordinates of selected character
blocks, the selected character blocks are connected on the
display screen. The maximum number of characters usable
on one display screen is 1024. The 1024 characters are
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selected from the 2048 characters registered in the character
RAM 2246 (refer to FIG. 9) of the image memory 224 and
used.

The OBIs as displayed objects have a property that a large
number of small objects are disposed discontinuously on the
display screen. Accordingly, controlling coordinate posi-
tions of character blocks required for display and appropri-
ately disposing the character blocks on the screen provide
efficient use of memory. If the OBJ is to be displayed by
cutting rectangular pictures out of the BG map and pasting
them on the display screen, like the BG, a lot of undisplayed
character blocks must be disposed on the map, which will
consume memory capacity in vain. However, a basic size of
the OBJ is rigidly 8x8 dots, and no objects smaller than that
can be displayed. Also, when displaying an object larger
than that, the size increases in units of 8 dots.

On the other hand, the BG has a large display area on the
display screen and has a property that they are continuously
disposed with few changes in state. Accordingly, the method
of cutting out rectangular blocks from a previously prepared
BG map and pasting them at arbitrary positions on the
display screen is suitable. If coordinates of a BG are to be
controlled for each display character, like the OBJ, attribute
information increases so much that overload will be put on
the picture drawing processing.

FIG. 14 schematically shows arrangement of OBJ
attributes stored in the OAM 2253 (refer to FIG. 8). As
stated before, the OBJ can be set in the maximum of four
planes in the 32 worlds. Hence, OBJ attributes are registered
while being divided into the maximum of four groups in
accordance with planes in which they are set, as shown in
FIG. 14. The image processing IC 223 (refer to FIG. 2)
refers to the world attributes, and when it finds a world in
which the OBJ is set, it refers to the OAM 2253 to draw the
OBJ registered therein. The reference to the OAM 2253 is
performed in the order starting from an OBJ registered in a
position with a larger OAM number (0-1023), and a corre-
sponding OBJ is drawn. An OBJ drawn later has a higher
display priority order in the worlds. The boundaries between
the four groups are specified by OBJ controlling registers
SPTO, SPT1, SPT2 and SPT3 (not shown). Set in an OBJ
controlling register SPTx (x=0-3) is an OAM number (0 to
1023) at a position with the lowest priority order (with a
larger address) in each group. If the OAM number 1023 is
set in the OBJ controlling register SPT3, no unused area
exists in the OAM.

FIG. 15 is a diagram showing structure of the OBIJ
attributes for one character block written in the OAM 2253.
The OBJ attributes are formed of four words (one word
includes 2 bytes 16 bits). In FIG. 15, JX is a 16-bit integer
with a sign (positive or negative), which indicates a display
position (=7 to 383) of the OBJ in the X-axis direction on the
display screen. JY is a 16-bit integer with a sign, which
indicates a display position of the OBJ in the Y-axis direc-
tion (=7 to 223) on the display screen. JP is a 14-bit integer
with a sign, which indicates the quantity of parallax (=256
to 255) in the coordinate system in which the OBJ is
displayed. JLON is a 1-bit flag, which indicates whether the
OBJ is to be displayed in the left screen or not. JRON is a
1-bit flag, which indicates whether the OBJ is to be dis-
played on the right screen or not. JCA is a 11-bit integer,
which indicates a character number from O to 2047. Other
attribute information in FIG. 15 have no direct relation with
the present invention, so that a description thereof is not
made herein.

FIG. 16 shows an OBJ display coordinate system in each
frame buffer 2241-2244 (refer to FIG. 9) or on the display

15

20

25

30

35

40

45

50

55

60

65

12

screen. The OBJ display coordinate system has an area from
(0, 0) to (383, 223). The origin (0, 0) is chosen to be at the
uppermost point on the left end on the display screen. On the
other hand, the space represented by JX, JY of the OBJ
attributes has an area from (=7, =7) to (383, 223). This is due
to the fact that when a hero appears from the left end on the
screen and walks to the right, for example, it is necessary to
display the character so that the contents gradually appear on
the left end on the screen. The same is true in the case where
a hero appears from the upper end on the screen and walks
downward. The image processing IC 223 of FIG. 2 reads
character data corresponding to the JCA (character number)
in the OBJ attributes of FIG. 15 from the character RAM of
FIG. 9 and draws the read character data in a predetermined
position or predetermined positions (the position defined by
JX, TY, JP) on the frame buffer or buffers for the left image
and/or the right image. At this time, the image processing IC
223 subtracts or adds the value of the parallax amount JP
from or to the JX to determine the X coordinates of display
on the left and right screens (i.e. the X coordinates of picture
drawing in the right and left frame buffers). Concerning the
JY, the quantity of parallax JP is not subtracted nor added.
The description above can be represented in more detail
using equations as;

JXL=JX-JP (JXL=X coordinate on the left screen)
JXR=JX+JP (JXR=X coordinate on the right screen)

JYL=JYR=JY (JYR, JYL=Y coordinate on the right and left
screens)

FIG. 17 is a diagram showing the structure of world
attributes for one world written in the WAM 2252 of FIG. 8.
Now, the structure of the world attributes will be described
referring to FIG. 17. As shown in FIG. 17, each world
attribute is set on an attribute table of 16 words. The 32
worlds from W0 to W31 (refer to FIG. 10) can be set in the
WAM 2252. By setting the world attributes, setting can be
made as to whether a BG is to be drawn, an OBJ is to be
drawn, a BG or an OBJ is to be drawn on both of the right
and left screens, or to be drawn on one of them, etc. Either
one of,

1: one BG (BG world)

2: one to 1024 OBI(s) (OBJ world)

3: nothing (dummy world: nothing displayed)

4: controlling world (end world)
can be set in each world. As has been stated hereinabove, the
image processing IC 223 of FIG. 2 draws pictures on worlds
set in the order from an image existing in the deepest in the
screen, as W31—-=W30—=W29 . . . W0. The world WO has
the highest display priority order, followed by W1, W2 . ..
W31. Depending on the software, when all the worlds are
not required, controlling worlds can be set to efficiently draw
required worlds only. For example, when three worlds are
used, setting as follows is possible.

W31, W30, W29—used as worlds for picture drawing

W28—sset as an end world

Setting as above allows the image processing IC 223 to
skip processing for W28—W0 and the processing speed is
increased. Of course, if the processing speed permits, the
three worlds can be set on arbitrary worlds. In this case,
unused worlds are set as dummy worlds.

In FIG. 17, the world attributes include attribute infor-
mation GX, GY, GP for defining where in the display screen
the BG image taken out of the BG map is to be displayed.
The GXis a 16-bit integer with a sign (positive or negative),
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which indicates a position in the X-axis direction (0-383) in
the coordinate system in which the BG is displayed. The GY
is a 16-bit integer with a sign, which indicates a position in
the Y-axis direction (0-223) in the coordinate system in
which BG is displayed. The GP is a 16-bit integer with a
sign, which indicates the quantity of parallax (=256 to 255)
in the coordinate system in which the BG is displayed. The
image processing IC 223 calculates coordinate positions for
actual display on the display screen as;

X coordinate for the left eye (dstXL)=GX-GP

X coordinate for the right eye (dstXR)=GX+GP

The world attributes also include attribute information
MX, MY, MP for defining a starting position of image data
taken out from the BG map. The MX is a 16-bit integer with
a sign (positive or negative), which indicates a position in
the X-axis direction (0 to 4095) in the source coordinate
system of the BG. The MY is a 16-bit integer with a sign,
which indicates a position in the Y-axis direction (0 to 4095)
in the source coordinate system of BG. The MP is a 16-bit
integer with a sign, which indicates the quantity of parallax
(=256 to 255) in the source coordinate system of the BG.
The image processing IC 223 calculates a coordinate posi-
tion of data actually taken out from the BG map as;

Y coordinate for the left eye (srcYL)=MY-MP

Y coordinate for the right eye (stcYR)=MY+MP

Furthermore, the world attributes include attribute infor-
mation W, H for defining the BG size (window size) on the
display screen. The W indicates the number of bits in the
X-axis direction of the BG on the display screen. The H
indicates the number of bits in the Y-axis direction of the BG
on the display screen. For the left eye, the BG is cut out in
the area of (srcXL, MY) to (steXL+W, MY+H), and dis-
played from the position of (dstXL, GY) on the display
screen. For the right eye, the BG is cut out in the area from
(srcXR, MY) to (srcXR+W, MY+H) and displayed from the
position of (dstXR, GY) on the display screen.

Furthermore, the world attributes include attribute infor-
mation LON, RON for defining in which of the left image
frame buffer (2241 or 2242) and the right image frame buffer
(2243 or 2244) the BG image cut out from the BG map is to
be drawn, or whether it is to be drawn in both, that is, for
which of the left eye and the right eye it is to be displayed,
or, whether it is to be displayed for both. The LON, RON are
1-bit flags, respectively, which indicate states below accord-
ing to set values.

LON=0:not draw in the frame buffer for the left image

LON=1:draw in the frame buffer for the left image

RON=0:not draw in the frame buffer for the right image

RON=1:draw in the frame buffer for the right image

When the LON and RON are both 0, nothing is drawn
on that world.

Furthermore, the world attributes include attribute infor-
mation BGM for defining a display mode of the BG image.
The BGM is formed of 2 bits and represents four modes
below, according to the set values.

BGM=00 the normal BG display mode

BGM=01 the H-bias BG display mode

BGM=10 the affine BG display mode

BGM=11 the OBJ display mode

The normal BG display mode is a mode for displaying an
usual BG image. The H-bias display mode is a mode for
displaying a BG image with each line in the X-axis direction
having offset for each line. The affine BG display mode is a
mode for displaying a BG image while being enlarged/
reduced/rotated. The OBJ display mode is a mode for
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displaying an OBJ, in which case the image processing IC
223 refers to the OBJ attributes set in the OAM 2253.

Furthermore, the world attributes include attribute infor-
mation SCX, SCY for defining a screen size of the target BG
map. The SCX is formed of 2 bits, and defines the size of the
BG map in the X-axis direction as follows. The SCY is
formed of 2 bits, and defines the size of the BG map in the

Y-axis direction according to the set values as follows.
SCX: Screen Size X

SCX =00 512 dots (1 segment)
=01 1024 dots (2segments)
=10 2048 dots (4 segments)
=11 4096 dots (8 segments)

SCY: Screen Size Y

SCY =00 512 dots (1 segment)
=01 1024 dots (2segments)
=10 2048 dots (4 segments)
=11 4096 dots (8 segments)

A combination of the SCX and SCY above defines the
size of one BG map combined in the range of 1 to 8
segments.

Moreover, the wold attributes include attribute informa-
tion END for defining whether that world is a final world (an
end world) or not. The END is a 1-bit flag, which defines two
states below according to its set value.

END=0 The world processed this time is not a final world

END=1 The world processed this time is a final world

Furthermore, the world attributes include 4-bit attribute
information BGMAP_ BASE. A base address of the BG
map, i.e. a number (0 to 13) of a head segment of the target
BG map is set in the BGMAP_BASE.

Furthermore, the world attributes include attribute infor-
mation PARAM_BASE. Base addresses of a parameter
table in which parameters used in the H-bias BG display
mode, the affine BG display mode are stored in the attribute
information PARAM__ BASE.

Other attribute information in FIG. 17 have no direct
relation with the present invention, and therefore a descrip-
tion thereof is not made herein.

A picture registered on the BG map is cut out in an
arbitrary size (1x8 to 384x224) from an arbitrary position
according to setting in the world attributes and drawn. When
the normal BG display mode is set in the attribute informa-
tion BGM, the parallax quantity MP is referred to when
cutting out the picture from the BG map, in addition to the
quantity of parallax GP on the display screen. The quantity
of parallax MP is for considering that different areas of a
picture are seen through the left eye and the right eye if the
cut out BG is supposed as a window. As shown in FIG. 18,
a picture is cut out from a position (MX+MP, MY) which is
shifted from the cut-out start point (MX, MY) by the
quantity of parallax MP in the X-axis direction. Also, on the
display screen, the picture cut out from the BG map is
displayed being shifted by the quantity of parallax GP in the
X-axis direction from the display start point (GX, GY).

Now, the area 412 in the program memory 41 stores a
large number of BG maps which are necessary to configure
all the BGs appearing in the game. When the displayed
contents change considerably as the game progresses (e.g.,
when a stage or a scene changes), BG maps required for the
BG to be displayed in that stage or scene (the maximum of
14 segments) are selected from the area 412 and transferred
to the BGMM 2251.

Stored in the area 414 in the program memory 41 are a
plurality of world attributes required to draw initial images
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of stages and scenes where displayed contents considerably
change. When the stage or scene changes, world attributes
necessary to draw an initial image of that stage or scene are
selected from the area 414 and transferred to the BGMM
2251. The world attributes set in the BGMM 2251 are
rewritten by the CPU 221 and used according to the game
program till the next change of stage or scene comes.

The present embodiment adopts two kinds of newly
developed parallax providing methods to display stereo-
scopic images with a less amount of information. Basically,
an attempt is made to reduce the amount of information by
producing two pictures provided with parallax from one
picture. The novel methods of providing parallax adopted in
this embodiment will now be described.

First, the method of providing parallax for the OBJ will be
described. Generally, the OBJ is provided with parallax by
displaying the same picture on the screens on both sides
while shifted by a distance corresponding to the parallax
quantity JP in the opposite directions along the X axis
(horizontally).

Now, suppose that an OBJ is displayed using four char-
acters having dot patterns as shown in FIG. 19(a)—~(d). The
respective characters (a)—(d) are provided with character
numbers (JCA) 20, 8, 10, 1023, respectively. The respective
characters (a)—~(d) are set with OBJ attributes as shown on
the right side of the dot patterns, respectively. In the case of
FIG. 19, as the quantities of parallax JP of the respective
characters are 0, the characters are displayed at the positions
themselves defined with (JX,JY) on the display screen.
Accordingly, an OBJ as shown in FIG. 20 appears on the
display screen.

On the other hand, as shown in FIG. 21 (@)~(d), when
parallax is set to the respective characters, the characters are
displayed with display positions in the X-axis direction
being sifted as (JX-JP) on the left screen (refer to FIG.
22(a)), and sifted as (JX+JP) on the right screen (refer to
FIG. 22(b). In this way, as the display positions in the X-axis
direction are shifted in the opposite directions by a distance
corresponding to the quantity of parallax JP on the left and
right screens, the object looks as if it were protruding or
distant. If the images shown in FIG. 22(a) and (b) are seen
with the left and right eyes, respectively, they are seen in the
order of the block with the character number 20, the block
with the character number 8, the block with the character
number 10 and the block with the character number 1023
from this side, as shown in FIG. 23.

Describing the relation between the quantity of parallax
and the perspective, if the quantity of parallax is 0, a player
will feel as if the OBIJ exists on the reference screen, as
shown in FIG. 24. If the quantity of parallax is positive, the
player will feel as if the OBJ exists closer than the reference
screen, as shown in FIG. 25. If the quantity of parallax is
negative, the player will feel as if the OBJ exists deeper than
the reference screen, as shown in FIG. 26.

Next, the method of providing parallax for the BG will be
described. In this embodiment, two kinds of parallax pro-
viding methods are used for the BG.

The first method of providing parallax to BG is the
parallax providing method the same as that for the OBJ. That
is to say, a picture cut out from a BG map is shifted by a
distance corresponding to the quantity of parallax GP (refer
to FIG. 17) in the opposite directions along the X axis
(horizontal) and displayed on both screens, thereby provid-
ing the parallax.

The second parallax providing method for the BG is made
according to an idea opposite to the first parallax providing
method. That is to say, left and right pictures are cut out from
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a BG map while being shifted by a distance corresponding
to the quantity of parallax MP in the opposite directions
along the X axis and the cut out two pictures are displayed
at the same positions on the left and right screens, thereby
to provide parallax. (Refer to FIG. 27) In this case, the
quantity of parallax GP on the screen may be set to 0. This
second method of providing parallax is used to display a
distant object seen through a window, for example. As
shown in FIG. 27, the left eye and the right eye will see
different areas when seeing a distant scene through a win-
dow. This second method of providing parallax is effective
when the distant object seen through the window is larger
than the size of the window frame, however, and the first
method of shifting coordinates on the display side may be
used when the displayed object is smaller than the size of the
window frame. The second method of providing parallax is
also effective when cutting out of a BG map and displaying
a BG image with full size (384x224 dots) because the four
ends of the display screen can be regarded as a window.

Furthermore, the parallax may be provided using both the
first parallax providing method and the second parallax
providing method. Such a parallax providing method is used
to display a distant object seen through a window and
display also the window itself on the nearer or deeper side,
for example.

FIG. 28 is a flow chart showing picture drawing operation
in this embodiment. FIG. 29-31 are flow charts showing
details of respective subroutine steps in FIG. 28. Referring
to FIG. 28 to FIG. 31, the picture drawing operation per-
formed in the image/sound processing device 22 of this
embodiment will now be described.

First, the CPU 221 transfers or rewrites data necessary for
picture drawing. (Step S101) That is to say, the CPU 221
refers to the program memory 41 in the program cartridge 4
when the power-supply is turned on or when stages or scenes
are switched where the displayed contents considerably
change to transfer required BG maps, world attributes,
H-bias parameters, affine parameters, etc. to the image work
memory 225 and transfer required character data etc. to the
image memory 224. When the displayed contents do not
considerably change from the preceding image, the CPU
221 rewrites the world attributes, the OBJ attributes, the
H-bias parameters, the affine parameters, etc. stored in the
image work memory 225 according to the game program
stored in the program memory 41.

Next, the image processing IC 223 sets 31 in a counter n
and sets 1 in a counter x. (Step S102) The counter n is a
counter for counting numbers of worlds subject to the
processing, which is configured to be able to count negative
values. The counter x is a counter for counting the order of
OBJ worlds subject to the processing. Next, the image
processing IC 223 determines whether the counted value of
the counter n is smaller than O or not. If the counted value
of the counter n is O or above, the image processing IC 223
reads world attributes of a world Wn corresponding to the
counted value of the counter n from the image work memory
225. (Step S105)

Next, the image processing IC 223 determines whether
the world Wn to be processed this time is an end world or
not. (Step S106) This determination is made on the basis of
the attribute information END (refer to FIG. 17) included in
the world attributes. If the world Wn is not an end world, the
image processing IC 223 makes a determination as to
whether that world Wn is a dummy world (world where no
display is made; LON=0, RON=0) or not. (Step S107) If the
world Wn is a dummy world, the image processing 1C 223
reduces the counted value of the counter n by 1 (Step S108)
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and returns to the operation in the Step S104. If the world
Wn is not an end world nor a dummy world, the image
processing IC 223 determines whether that world Wn is an
OBJ world, a normal BG world, or an H-bias BG world.
(Steps S109-S111) This determination is made on the basis
of the attribute information BGM included in the world
attributes.

First, processing when the world Wn is a normal BG
world will be described. In this case, the image processing
IC 223 performs picture drawing work of a normal BG on
the basis of the various kinds of attribute information set in
the world attributes. (Step S112) Details in this subroutine
processing in this Step S112 are shown in FIG. 29. FIG. 18
schematically shows the principle of this picture drawing
work. Referring to FIG. 29 and FIG. 18, the image process-
ing IC 223 calculates positions for starting picture drawing
on the left and right frame buffers (refer to FIG. 9) on the
basis of the attribute information GX, GY, GP (the X
coordinate position, the Y coordinate position, the quantity
of parallax on the display coordinate system of BG) set in
the world attributes. (Step S201) Next, the image processing
IC 223 calculates a position for starting cutting out the BG
from the BG map on the basis of the attribute information
MX, MY, MP (the X-coordinate position, the Y-coordinate
position and the quantity of parallax on the source coordi-
nate system of BG) set in the world attributes. (Step S202)
Next, the image processing IC 223 calculates a cut-out size
of the BG from the BG map on the basis of the attribute
information W, H (the dot size in the X-axis direction and the
dot size in the Y-axis direction on the source coordinate
system of BG) set in the world attributes. (Step S203) Next,
the image processing IC 223 selects a necessary BG map
from a plurality of BG maps in the BGMM 2251 (refer to
FIG. 8) on the basis of the attribute information BGMAP__
BASE set in the world attributes. (Step S204) Next, the
image processing IC 223 cuts out BG data (a character
number in this stage) from a predetermined area (an area
obtained by the calculations in Steps S202, S203) on the
selected BG map. (Step S205) Next, the image processing
IC 223 reads the character data corresponding to the cut out
character number from the character RAM 2246 (refer to
FIG. 9) and draws picture in a predetermined area (the arca
with the picture drawing starting position calculated in Step
S201) on the frame buffers 2241, 2243 (or 2242, 2244).
(Step S206)

Next, a description is made on the processing when the
world Wn is an OBJ world. In this case, the image process-
ing IC 223 refers to OBJ attributes in a group corresponding
to the counted value of the counter x in the OAM 2253 (refer
to FIG. 8). (Step S113; refer to FIG. 14) Next, the image
processing IC 223 reads corresponding character data from
the character RAM 2246 on the basis of the character
number JCA set in the referred OBJ attributes (refer to FIG.
1 5) and draws the read character data in a predetermined
area (an area with the picture drawing starting position
defined with JX, JY, JP) on the frame buffers 2241, 2243 (or
2242,2244). (Step S114) Next, the image processing IC 223
adds 1 to the counted value of the counter x. (Step S115)

Next, processing in the case where the world Wn is an
H-bias BG world will be described. In this case, the image
processing IC 223 performs picture drawing processing of
the H-bias BG on the basis of the attribute information set
in the world attributes and the H-bias parameters stored in
the area 2255 in the image work memory 225. (Step S116)
Details of the subroutine processing of this Step S116 are
shown in FIG. 30. Referring to FIG. 30, the image process-
ing IC 223 calculates picture drawing staring positions on
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the left and right frame buffers (refer to FIG. 9) on the basis
of the attribute information GX, GY, GP set in the world
attributes. (Step S301) Next, the image processing IC 223
calculates the cut-out starting position of the BG from the
BG map on the basis of the attribute information MX, MY,
MP set in the world attributes. (Step S302) Next, the image
processing IC 223 reads necessary H-bias parameters from
the area 2255 in the image work memory 225 on the basis
of the attribute information PARAM_ BASE set in the world
attributes. (Step S303) Next, the image processing IC 223
calculates a cut-out size of the BG from the BG map on the
basis of the attribute information W, H set in the world
attributes. (Step S304)

Next, the image processing IC 223 re-calculates a read
position in the X-axis direction from the BG map on the
basis of the H-bias parameters read in Step S303. (Step
S305) Here, if the X coordinates referred to when actually
reading the source data of the BG map are taken as BGXL,
BGXR, the H-bias parameters for the left screen are taken as
HOFSTL and the H-bias parameters for the right screen are
taken as HOFSTR, then the calculating processing of

BGXL=MX-MP+HOFSTL

BGXR=MX+MP+HOFSTR
are performed in Step S305. The H-bias parameters HOF-
STL and HOFSTR are 16-bit integers with signs (=512 to
511) indicating the quantity of offset in the X-axis direction.
In this embodiment, as offset in each transverse line is
possible, it is necessary to have the H-bias parameters for the
lines in the horizontal direction of the BG. For example,
when opening a full size BG, a parameter table as large as
224x2=448 words must be set in the area of the image work
memory 225.

Next, the image processing IC 223 selects a required BG
map from the plurality of BG maps in the BGMM 2251
(refer to FIG. 8) on the basis of the attribute information
BGMP__BASE set in the world attributes. (Step S306) Next,
the image processing IC 223 cuts out BG data (a character
number in this stage) from a certain area (the area obtained
by the calculations in the Steps S302, S304, S305) on the
selected BG map. (Step S307) At this time, the BG data are
read from a position shifted from an original read position in
the X-axis direction (MX+MP) by the values of HOFSTL,
HOFSTR. Next, the image processing IC 223 reads charac-
ter data corresponding to the cut out character number from
the character RAM 2246 (refer to FIG. 9) and performs
picture drawing processing in a certain area (an area with a
picture drawing starting position calculated in the Step
S301) on the frame buffers 2241 and 2243 (or 2242, 2244).
(Step S308)

Next, processing in the case in which the world Wn is not
an OBJ world, a normal BG world, nor an H-bias BG world,
i.e. when it is an affine BG world will be described. In this
case, the image processing IC 223 performs picture drawing
work of the affine BG on the basis of the various kinds of
attribute information set in the world attributes and the affine
parameters stored in the area 225 of the image work memory
225. (Step S117) Details in a subroutine processing in this
step S117 are shown in FIG. 31. Referring to FIG. 31, the
image processing IC 223 calculates picture drawing starting
positions on the left and right frame buffers on the basis of
the attribute information GX, GY, GP set in the world
attributes. (Step S401) Next, the image processing IC 223
reads required affine parameters from the area 2255 of the
image work memory 225 on the basis of the attribute
information PARAM_ BASE set in the world attributes.
(Step S402) Next, the image processing IC 223 calculates
the display size of the BG from the BG map on the basis of
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the attribute information W, H set in the world attributes.
(Step S403) Next, the image processing IC 223 calculates a
cut-out position on the BG map for each one dot on the basis
of the read affine parameters. (Step S404) Accordingly, the
attribute information MX, MY, MP in the world attributes
are not used in this affine BG picture drawing mode.

Next, the image processing IC 223 selects a required BG
map from the plurality of BG maps in the BGMM 2251 on
the basis of the attribute information BGMAP BASE set in
the world attributes. (Step S405) Next, the image processing
IC 223 cuts out BG data (a character number in this stage)
from a certain area (the area obtained by the calculation in
Step S404) on the selected BG map. (Step S406) Next, the
image processing IC 223 reads the character data corre-
sponding to the cut out character number and draws picture
in a certain area (the area determined in Step S403, with the
picture drawing starting position calculated in Step S401) on
the frame buffers 2241, 2243 (or 2242, 2244). (Step S407)

The character data is alternately drawn to the two sets of
frame buffers (the set of 2241, 2243 and the set of 2242,
2244). While the character data is drawn to one set, the
display image data stored in the other set is read, and
provided to the LED units 21 2. and 21 2R through the
SAM 2247 and displayed.

As has been stated hereinabove, this embodiment is
directed to a dual scanner system (a system which is seen
with both eyes), wherein one-dimensional LED arrays 2141,
214R (with LEDs arranged in a vertical column for 224 dots,
respectively) are made to emit light at appropriate timing in
synchronization with vibration of the mirrors 2171, 217R,
which is seen by a player through the mirrors 2171, 217R.
Thus, the player sees as if a piece of screen were formed on
each side due to the after image effect of the eyes. To make
the game stereoscopic, different images with parallax
(images with different data on the left and the right) must be
displayed on the left and right display systems. However, it
is difficult from the point of processing ability to simulta-
neously transfer different image data to the display systems
on both sides with a single image processing IC 223. Also,
if different images are displayed at the same time on the left
and right display systems, the peak consumption power
increases to increase the maximum power consumption.
Accordingly, in this embodiment, considering reduction of
load on the image processing IC, distribution of the peak
power consumption, etc., the display periods on the left and
right display systems are shifted from each other so that they
do not overlap.

FIG. 32 and FIG. 33 show the relation between the
vibration phase of the mirror and the display timing in the
left and right display systems, respectively. If the vibration
frequency of each mirror 2171 and 217R is 50 Hz (one
period is 20 ms), the abscissa shows a time and the ordinate
shows the vibration angle, movements of the mirrors 2171
and 217R are sine-wave vibrations shown in FIG. 32 and
FIG. 33, respectively. The left and right mirrors vibrate in
synchronization with each other, but their phases are shifted
by 180° so that the left and right image display periods will
not overlap. If one period 20 ms is equally divided into eight,
the movement of the mirrors and the sine wave correspond
as the numbers 1 to 9 in FIG. 32 and FIG. 33. When it
vibrates repeating the movement from 1 to 9, the angular
velocity of the mirror is not constant. However, when it
moves from 4 to 6, or 8 to (2), the angular velocity is
relatively stable. Display by the LED array is made in the
period from 4 to 6 in the left display system, and in the
period from 8 to (2) in the right display system to lessen
distortion in the vicinity of left and right ends of the screen.
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The display period corresponds to ¥ of the period, which is
about 5 ms. The number of dots of the LED array is 224. As
the LED arrays 2141 and 214R light 384 times with appro-
priate timing in the above display period, screens with
transverse 384xvertical 224=86016 dots are formed in the
left and right display systems. The screen is called an image
screen.

FIG. 34 shows a position where the image screen is
projected in the left display system by way of example. In
FIG. 34, numbers 4, 5 and 6 correspond to the position
members in FIG. 32. The LED array 214L. is turned on when
the angular velocity of the mirror 217L is relatively stable,
as stated above, so that the image screen will be scanned
while the mirror 2171 moves form 4 to 6. When the position
of the mirror 217L is at 4, the light of the LED array 2141
passes through the lens 216L at the position of 4' and draws
an image screen at the position of 4". It is the same when the
mirror 2171 moves to the positions 5, 6, and it draws the
image screen at 5", 6". Accordingly, the direction of scan-
ning the screen is from the left to the right. Since human
visibility (so called visual acuity) individually differs, it is
necessary to move the lens 216L to focus upon the screen.
This is referred to as visibility adjustment. Some kinds of
positions of the lens for visibility adjustment are prepared.
For example, if the lens 2161 is moved to the position —1D,
the image screen is seen about one meter distant. Although
FIG. 34 shows the display system on the left side, it is the
same in the display system on the right side, and the
scanning direction of the screen is also from the left to the
right.

The mirrors 2171, 217R are vibrated by the motor drive/
sensor circuits 2150, 215R, respectively. The periods,
amplitudes, phase, offset, etc. of the vibration of the mirrors
can be detected with signal output from the motor drive/
sensor circuits 2151 and 215R. This signal is called a flag
signal, which is generated by a flag 71L (or 71R) passing
through a photointerrupter 72L (or 72R), as shown in FIG.
35. On the basis of the flag signal, the mirror control circuit
211 performs servo control for forming a stable screen
(correction, stabilization of vibration of the mirrors) or
informs the image processing IC 223 of timing for image
display (in FIG. 32, the position of 4 is an image display start
timing).

As shown in FIG. 36, the flag 71L (or 71R) is a small
piece made of resin attached to the mirror 217L (or 217R)
for light shielding of the photointerrupter. The width of the
flag is selected so that the period in which the flag shields the
photointerrupter and the image display period correspond to
each other. Thus, the number of vibrations of the mirrors,
disorder of the amplitude, offset, phases of the mirrors and
the image display start timing can be detected from the
output waveform of the photointerrupter.

The photointerrupter 72L (or 72R) has two sets of inter-
rupters 73 and 74 inside, as shown in FIG. 37. Each
interrupter includes a set of a light emitting element and a
light receiving element disposed to face each other at a
certain interval, and passage of the flag between the light
emitting element and the light receiving element shields the
light receiving element and its output falls from a high level
to a low level. Detection output of one interrupter (flag
interrupter) 73 is used to detect a position of the flag, and
detection output of the other interrupter (direction
interrupter) 74 is used to detect a direction of movement of
the flag. Accordingly, the space between the interrupters 73
and 74 is selected smaller than the width of the flag.

FIG. 38 and FIG. 39 show the relation between the output
state of the photointerrupter and the direction of movement
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of the flag. FIG. 38 shows the direction detection when the
output of the flag interrupter 73 falls, and FIG. 39 shows the
direction detection when the output of the flag interrupter 73
rises. As shown in FIG. 38(a), if the output of the flag
interrupter 73 falls when the output of the direction inter-
rupter 74 is at a low level, it is determined that the moving
direction of the flag is from the left to the right. As shown
in FIG. 38()), if the output of the flag interrupter 73 falls
when the output of the direction interrupter 74 is at a high
level, it its determined that the moving direction of the flag
is from the right to the left. Also, as shown in FIG. 39(a), if
the output of the flag interrupter 73 rises when the output of
the direction interrupter 74 is at a high level, it is determined
that the moving direction of the flag is from the left to the
right. Further, as shown in FIG. 39()), if the output of the
flag interrupter 73 rises when the output of the direction
interrupter 74 is at a low level, it is determined that the
moving direction of the flag is from the right to the left.

As described above, screen display is made in a period in
which the angular velocity of the mirrors is stable in this
embodiment. More strictly, however, the angular velocity of
the mirrors (scan speed) is not constant even in this period.
Therefore, correction is needed.

A vertical line of the image screen is referred to as a
column, and there are 384 columns in total. The column
width (a space between vertical lines) on the image screen
depends on the timing of lighting the LED. FIG. 40 shows
a letter “D” displayed in the center and in an end portion on
the image screen. If the timing pitch of lighting the LED
array is the same in the center and the end on the image
screen, it looks as if it were shrunken in the lateral direction
in the end portion or, on the other hand, it looks as if it were
elongated in the lateral direction in the center. This is due to
the fact that the timing of turning on the LED is made with
the same timing pitch, though the angular velocity (scan
speed) of the mirror at 5 is faster than the angular velocity
(scan speed) at 4, 6. That is to say, in FIG. 40, the timing
pitch PPC of lighting the LED array in the center of the
image screen is equal to the timing pitch PPE in the end
portion.

It is necessary to change the LED light emitting timing
pitch according to the scanning speed to display figures,
letters, etc. without distortion with the same column width in
the center and in the end portion on the image screen. That
is to say, as shown in FIG. 41, correction is needed to make
the LED light emitting timing pitch PPC shorter as it is
closer to the center of the image screen and to make the
timing pitch PPE longer as it gets closer to the end portion.
This allows equal scan of widths of respective columns. The
LED light emitting pulse width (PWC, PWE) is made
constant in the case of the same luminance to make bright-
ness in the end portion and in the center on the image screen
uniform.

Actable storing timing data for correcting the LED lighting
timing pitch is called a column table. This column table is
stored in the area 416 of the program memory 41 (refer to
FIG. 5), which is transferred to the area 2254 in the image
work memory 225 in the body device according to the
program when the power is turned on. The image processing
IC 223 controls the LED lighting timing referring to the
column table developed in the image work memory 225. The
start address of the column table is transferred as 8-bit serial
data from the mirror control circuit 211 which controls
movement of the mirrors.

The column table includes extra timing data for about 68
columnsx2, supposing offset of the mirror, or external
disorder, as well as the timing data for 384 columns. In this
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embodiment, the LED lighting timing pitch can be set for
every 4 columns. Accordingly, if 4 columns are taken as 1
entry, the number of entries of the column table is 17+96+
17=130 (=520 columns).

FIG. 42 shows arrangement in the column table on the
image work memory 225. As shown in FIG. 42, the column
table is allocated on the image work memory 225 as a
512-word data array. The image processing IC 223 receives
the column table reference start address CTA from the mirror
control circuit 211. This column table reference start address
CTA is automatically transferred from the mirror control
circuit 211 when display on the left screen is started (when
L__SYNC rises) as 8-bit data corresponding to those for the
left eye and the right eye. The transferred column table
reference start address CTA is set in a register 223a in the
image processing IC 223 (refer to FIG. 43). In FIG. 43, the
CTA__L is a column table reference start address for the left
and the CTA__R is a column table reference start address for
the right. The image processing IC 223 reads the timing data
COLUMN_ LENGTH from a corresponding entry in the
column table on the basis of the column table reference start
address CTA set in the internal register 223a and sets it in the
internal register 223b (refer to FIG. 44). The timing data
COLUMN__LENGTH is a numerical value defining one
column time with resolution of 200 ns. The reading of the
timing data from the column table is made once for 4
columns. It is made 96 (=384/4) times respectively for the
left eye and the right eye in one display frame period, 192
times in total.

In FIG. 42, for example, if the timing data is read from the
address A in the column table for the left eye (an address
indicated by the column table reference start address for the
left CTA L) when starting left screen display, and then, the
timing data is read out in the order from addresses (A-2),
(A-4), . . . in byte address. As stated above, this reading is
made once for 4 column time, 96 (=384/4) times for the left
eye and the right eye, respectively, in one display frame
period. The final read address for the left screen is the
address (A-95x2)=(A-190). Similarly, timing data of the
address B-address (B-190) are read from the column table
for the right eye.

This embodiment also has a function of special display,
such as waving the display screen, by rewriting the timing
data in the column table into special data string according to
instructions from the game program.

Next, display operation in this embodiment will be
described. When the power is turned on into the body device
2 through the controller 6, the CPU 221 activates the game
program and transfers the column table stored in the pro-
gram memory 41 of the program cartridge 4 to the area 2254
in the image work memory 225. Now, if the game has
already started, the left and right mirrors 2171 and 217R are
vibrating with the period of 20 ms in synchronization with
the synchronous clock FCLK produced from an internal
oscillator (not shown) in the mirror control circuit 211. At
this time, the flags 711 and 71R pass in the photointerrupters
72L, 72R (refer to FIG. 35) and then 2-bit flag signals are
provided from the photointerrupters 72L. and 72R to the
motor drive/sensor circuits 2151 and 215R, respectively. In
the 2-bit flag signal, one bit is an output signal of the flag
interrupter 73, and the other bit is an output signal of the
direction interrupter 74 (refer to FIG. 37). The motor drive/
sensor circuits 2151 and 215R shape the waveforms of the
provided flag signals and then outputs them to the mirror
control circuit 211.

The mirror control circuit 211 determines the moving
direction of the flag on the basis of a combination of the
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logic states of the 2 bits included in the flag signal. (Refer
to FIG. 38 and FIG. 39) Further, considering the result of the
determination, the mirror control circuit 211 detects timing
of starting a display period of the left screen (refer to FIG.
32) and the timing of starting a display period of the right
screen (refer to FIG. 33). At this time, the mirror control
circuit 211 raises the left display start signal I, SYNC in
response to the detection of the timing of starting the display
period of the left screen and raises the right display start
signal R__SYNC in response to the detection of the timing
of starting the display period of the right screen. The mirror
control circuit 211 also generates low order 8-bit data CTA
(CTA_L and CTA_R) of the column table reference start
address in response to the detection of the timing of starting
the display period of the left and right screens.

Now, a method of generating the column table reference
start address CTA will be described. FIG. 45 shows the
relation between the vibration phase of the mirror without
offset and the output signal of the flag interrupter 73
(referred to as a flag interrupter signal, hereinafter). FIG. 46
shows the relation between the vibration phase of the mirror
with offset and the flag interrupter signal. The offset of the
mirror is caused by errors in assembling, external disorder,
(for example, when the game device is used being inclined)
,ete. If the mirror has no offset, the pulse widths a of the high
level portions of the flag interrupter signal are equal every
time, as shown in FIG. 45. On the other hand, when the
mirror has offset, the pulse widths of the high level portions
of the flag interrupter signal have different values for the first
and last pulse widths (the pulse width f§ from 2 to 4 and the
pulse width y from 6 to 8) in one period (20 ms), as shown
in FIG. 46. Here, the ratio of the pulse widths of the high
level portions in one period (f/y) corresponds to the quantity
of offset A of the mirror. The column table reference start
address must be changed in accordance with this quantity of
offset A. This is due to the fact that the vibration phase (angle
range) of the mirror used to display images differs between
when the mirror has offset and when it has no offset.
Accordingly, the mirror control circuit 211 operates a ratio
between pulse widths of the high level portions in the
display period immediately before and obtains the column
table reference start address CTA on the basis of the result
of this operation. Conversion from the ratio of pulse widths
into the column table reference start address CTA may be
achieved by using a conversion table, or may be achieved by
calculation.

The synchronous clock FCLK, the left display start signal
L_SYNC and the right display start signal R_SYNC are
provided from the mirror control circuit 211 to the image
processing IC 223. Further, from the mirror control circuit
211 to the image processing IC 223, after the left display
start signal L__SYNC is provided, the column table refer-
ence start address for the left, CTA L, is provided, and then
the column table reference start address CTA R for the
right is provided. The image processing IC 223 controls the
left and right LED drivers 213L and 213R on the basis of
these signals and column table reference start addresses
provided from the mirror control circuit 211.

FIG. 47 shows operation when the image processing IC
223 receives the serial data from the mirror control circuit
211. Referring to FIG. 47, receiving each 8-bit serial data,
i.e. the column table reference start addresses CTA__L and
CTA_R from the mirror control circuit 211 (Step S501), the
image processing IC 223 stores the column table reference
start addresses CTA_ L and CTA_R into predetermined
areas in the register 223a (refer to FIG. 43), respectively.
(Step S502) Next, the image processing IC 223 adds a
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predetermined number of offset bits to the column table
reference start address CTA L or CTA R stored in the
register 223a to convert the column table reference start
address CTA__L or CTA_ R into an address with the number
of bits adaptable to the addressing of the column table.
(Step S503)

The image processing IC 223 starts reading the timing
data from the column table according to the column table
reference start address for the left or the right obtained in the
step S503. FIG. 48 shows the operation when the image
processing IC 223 reads the timing data from the column
table. Referring to FIG. 48, the image processing IC 223 first
sets initial values in the counters M and N. (Step S601) The
counter M is a counter for counting columns of 384 on the
screen for every 4 columns, and the initial value set therein
is 95. This initial value 95 is based on 384/4=96. The counter
N is a counter for counting four columns corresponding to
one count value of the counter M, and the initial value set
therein is 3. Next, the image processing IC 223 sets the
column table reference start address for the left or the right
obtained in the Step S503 into an internal register L or R (not
shown). (Step S602) That is to say, the image processing IC
223 sets the column table reference start address for the left
into the register L when displaying a left image (when the
left display start signal L_ SYNC rises) and sets the column
table reference start address for the right into the register R
when displaying a right image (when the right display start
signal R_SYNC rises).

Next, the image processing IC 223 reads timing data D
from a corresponding address in the column table (stored in
the area 2254 in the image work memory 225) according to
the column table reference start address set in the register L
or R. (Step S603) Next, the image processing IC 223 sets the
read timing data D into a down counter C. (Step S604) Next,
the image processing IC 223 decrements the down counter
C by 1. (Step S605) Decrement of the down counter C is
made periodically, which is made every 200 ns in this
embodiment. When the count value of the down counter C
becomes 0 by decremented, i.e. when a carry signal is
outputted from the down counter C, the image processing IC
223 outputs a latch clock. (Step S607) This latch clock is
provided to the LED driver 2121 or 212R.

Now, the LED drivers 2121 and 212R include a shift
register 2131, a latch circuit 2132 and a luminance control
circuit 2133, as shown in FIG. 49. The shift register 2131
can accumulate image data transferred from the SAM 2247
(refer to FIG. 9) for one column (for 224 dots; 224x2=448
bits). The latch circuit 2132 latches the accumulated data of
the shift register 2131 in response to the latch clock from the
image processing IC 223. The luminance control circuit
2133 controls ON and OFF and luminance of each LED in
the LED array 214L or 214R on the basis of the image data
latched in the latch circuit 2132.

The latch clock from the image processing IC 223 is
provided to the LED driver 2121 or 212R, and then the
image data for 1 column accumulated in the shift register
2131 is latched in the latch circuit 2132 and the LED array
214L or 214R is turned on by the luminance control circuit
2133. As a result, display for vertical one column is made on
the left or right screen. (Step S608) At this time, the image
processing IC 223 causes image data for the next column to
be transferred from the SAM 2247 to the shift register 2131.

By the way, in this embodiment, 2-bit data is used for 1
dot for image display, so that gradation representation at
only 4 levels are originally possible. In this embodiment,
however, by enabling the correspondence relation between
the digital values represented by 2-bit data and luminance of
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each LED (lighting period) to be freely changed according
to instructions on the game program, the number of grada-
tions substantially representable can be increased consider-
ably. For example, if the luminance of the LED is adjustable
in the range from 0 to 30, the luminance control circuit 2133
makes the luminance value O (off the LED) when the 2-bit
digital value is “00”, makes the luminance value 1-10 when
it is “01”, makes the luminance value 11-20 when it is “107,
and makes the luminance value 21-30 when it is “11”.
Instructions for setting the correspondence relation between
each digital value “017, “10”, “11” and the luminance value
of the LED are described on the game program. The CPU
221 changes the luminance value set in a register (not
shown) in the image processing IC 223 in a time series
manner according to the instructions from the game pro-
gram. In this embodiment, the correspondence relation can
be changed for every 4 columns. As a result, although the
representable number of gradations is 4 in the range of 4
columns, the number of representable gradations consider-
ably increases in the entire screen. In this embodiment, the
correspondence relation can be changed also screen by
screen. This increases the number of usable gradations
between different screen images. As is clear from the
description above, the number of representable gradations
increases according to the speed of the clock signal for
turning on/off the LED in this embodiment. As a result, a
wide variety of gradation representation is enabled with a
less amount data.

Next, the image processing IC 223 determines whether
the count value of the counter N is 0 or not. (Step S609). If
the count value of the counter N is not 0, as display of image
data for 4 columns has not been finished, the image pro-
cessing IC 223 decrements the counter N by 1. (Step S610)
Then, the image processing IC 223 repeats the operations in
Steps S604 to S610. When display of image data for 4
columns has been finished and the count value of the counter
N becomes 0, the image processing IC 223 determines
whether the count value of the counter M is 0 or not. (Step
S611) If the count value of the counter M is not 0, as display
of image data for one screen has not been finished, the image
processing IC 223 decrements the counter M by 1. (Step
S$612) Next, the image processing IC 223 decrements the
column reference start address for the left or the right stored
in the register L or R by 2 addresses in byte address. (Step
S613) Thus, timing data for the next column in the column
table becomes an object of reading. Subsequently, the image
processing IC 223 repeats the operations in the Steps S603
to S613. When display for one screen is finished, the count
value of the counter M becomes 0 and the image processing
IC 223 finishes reading timing data from the column table.

Next, referring to the flow chart in FIG. 50, and the timing
charts in FIG. 51 and FIG. 52, operation of the entire display
system will be described. First, the image processing IC 223
sets an initial value in the counter G. (Step S701 in FIG. 50)
The set value in the counter G corresponds to the number of
display frames included in one game frame. At the initial
setting, a value determined in correspondence with the
initial screen (0, for example) is set in the counter G. Next,
the synchronous clock FCLK from the mirror control circuit
211 rises. (Step S702) Accordingly, the image processing IC
223 determines whether the count value of the counter G is
0 or not. (Step S703) Now, if the count value of the counter
G is 0, the image processing IC 223 raises the game clock
GCLK. (Step S704) Next, the image processing IC 223
switches a frame buffer subject to display. (Step S705) For
example, if the frame buffers 2241, 2243 were selected and
image data accumulated therein were transferred to the
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image display unit 21 and displayed in the previous time, the
image processing IC 223 selects the frame buffers 2242,
2244 as objects of display in this time. Conversely, if the
frame buffers 2242, 2244 were selected as objects of display
in the previous time, the image processing IC 223 selects the
frame buffers 2241, 2243 as objects of display this time.
First, frame buffers determined by default (the frame buffers
2241, 2243, for example) are selected. Next, the image
processing IC 223 sets a certain value in the counter G. (Step
S706) Usually, O is set in the counter G. When picture
drawing work with heavy load is made in the next game
frame, a value of 1 or above is set in the counter G according
to the degree of the load. The determination as to whether
the load of picture drawing is heavy or not depends on the
game program, and it follows instructions from the CPU
221.

Next, the left display start signal . SYNC from the
mirror control circuit 211 rises. (Step S707) Then, the image
processing IC 223 performs display processing for the left
eye image. (Step S708) That is to say, the image processing
IC 223 reads the column table reference start address
CTA_L for the left transmitted from the mirror control
circuit 211 (refer to FIG. 47), and reads timing data in order
from a corresponding address in the column table. (Refer to
FIG. 48) At this time, latch pulse is outputted from the image
processing IC 223 at time intervals defined by each read
timing data. Accordingly, the width of each column dis-
played in the LED unit 212L is changed according to the
timing data described in the column table and correction is
made so that each column has a uniform width. In this
embodiment, however, correction of the column width is
made for every 4 columns to reduce the load on processing
by the image processing IC 223. Next, the right display start
signal R_SYNC from the mirror control circuit 211 rises
(Step S709), and then display processing for the right eye
image is performed by the image processing IC 223. (Step
§710) In this display processing of the image for the right
eye, almost the same processing as the display processing of
the image for the left eye in Step S708 is performed.

As is clear from the description above, also as shown in
FIG. 51, the display processing for the left eye image and the
display processing for the right eye image are performed
while being shifted in time in one display frame. Therefore,
the load on the image processing IC 223 is reduced. Also, the
peak power consumption is distributed and the maximum
power consumption is reduced. Hence, as permission ability
for current and voltage can be set low, designing is easy and
the cost can be reduced.

Subsequently, the image processing IC 223 returns to the
operation in the Step S702. When the next display frame
comes and the synchronous clock FCLK rises (Step S702),
the image processing IC 223 determines whether the count
value of the counter G is O or not. (Step S703) If the count
value of the counter G is 0, the image processing IC 223
performs the operations in and after the Step S704 again. On
the other hand, if the count value of the counter G is not 0,
the image processing IC 223 decrements the counter G by 1.
(Step S711) Subsequently, the image processing IC 223
repeats the operations in and after the Step S707. At this
time, as the frame buffer which is an object to display is not
switched, the same picture as the previous time is displayed
in the left and right display systems. That is to say, in this
embodiment, as shown in FIG. 52, if a plurality of display
frames are included in one game frame (defined by the game
clock GCLK), the same picture is displayed in respective
display frames. This is due to the fact that the picture
drawing processing by the image processing IC 223 may not
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finish in one display frame when drawing an image with
heavy load (with a large amount of data), as stated herein-
before. Subsequently, the image processing IC 223 circula-
tively repeats the operations in Steps S702-S711.

Now, in this embodiment, the CPU 221 can rewrite the
column table in the image work memory 225 in the course
of the game in accordance with instructions from the game
program. This enables display of a special picture, such as
waving, in the image display unit 21. Data for rewriting the
column table may be stored in the program memory in
advance, or the CPU 221 may rewrite the data in the column
table by calculation on the basis of calculation expressions
provided on the game program. In this way, in this
embodiment, it is possible to process a picture into a special
picture according to instructions from the game soft while
using usual picture data as they are, so that the variation of
representable pictures can be increased without increasing
the amount of data.

FIG. 53 shows one example of structure in which the
controller 6 has a voltage monitoring function. In FIG. 53,
the controller 6 includes a signal processing circuit 61
formed of shift register, a key input receiving portion 62, and
a battery voltage monitoring circuit 63. The controller 6
includes a plurality of keys operated by a player, and the key
input portion 62 produces key operation signals in corre-
spondence with the operation of these keys. The signal
processing circuit 61 captures the key operation signals for
respective keys accepted at the key input receiving portion
62 when an instruction for reading the key input is provided
from the CPU 221 in the body device 2, and outputs the
signals serially to the CPU 221. The power-supply voltage
monitoring circuit 63 always monitors reduction of output
voltage of the battery box 8, and activates a 1-bit warning
signal (to a high level, for example) when the value of the
output voltage decreases to a predetermined value or lower.
This warning signal is provided to the signal processing
circuit 61. The signal processing circuit 61 outputs the
provided warning signal to the CPU 221 together with the
key operation signals. The CPU 221 performs certain warn-
ing operation when the warning signal from the controller 6
attains an active state. For example, it displays a message or
a figure for prompting exchange of a battery on the screen.
Also, it generates warning for prompting exchange of a
battery from a speaker 228. Or, an indicator for warning may
be provided in the body device 2, which will emit light or
may be driven.

Although the above embodiment has been described as an
electronic game device, the image display device of the
present invention is not restricted to the same, but can
widely be applied to devices with display, such as training
devices, educational equipments, guiding devices, etc.

Although the embodiment above is constructed as a
device displaying stereoscopic images provided with
parallax, the present invention is also applicable to devices
for displaying two-dimensional (planar) images without
parallax.

Further, in the embodiment above, since the display unit
is disposed in the vicinity of both eyes of a player, only one
player can enjoy the displayed image. Accordingly, left and
right image data read from the image memory 224 may be
provided to and displayed in a television receiver or a
projector so that a plurality of people can enjoy it. In this
embodiment, however, since the image data is read from the
image memory 224 in the vertical direction, it can not be
intactly displayed in a television receiver or a projector.
Accordingly, the image data read from the image memory
224 may be stored once in a frame buffer (not shown) and
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provided to a television receiver or a projector with its read
direction changed from the vertical direction into the trans-
verse direction. It is also necessary to convert the 2-bit
digital value of each dot into a difference in intensity of
television signals. A circuit for converting the image data
read from the image memory 224 into signals displayable on
a television receiver or a projector may be provided inside
the body device 2, or may be connected between the
electronic game device 1 and a television receiver or a
projector, or may be provided inside the television receiver
or the projector.
As stated above, when displaying left and right images in
a television receiver or a projector, stereoscopic vision is
enabled by displaying the left and right images at shifted
timings, or displaying with different colors, or by displaying
with differed polarization angles. When displaying with
shifted timings, a player will watch the left and right images
while wearing glasses with a shutter mechanism (a liquid
crystal shutter, for example). In this case, in the glasses, left
and right lenses perform ON/OFF operation alternately in
synchronization with the timing of switching left and right
images on the television receiver. When displaying with
different colors on the left and right images, the player will
wear glasses with color filters. In this case, the glasses will
be equipped with a color filter which transmits only the left
image on the left lens, and a color filter which transmits only
the right image on the right lens. When displaying with
changed polarization angles of left and right images, a player
will wear glasses with a polarization filter. In this case, the
glasses are equipped with a polarization filter which trans-
mits only the left image on the left lens and a polarization
filter which transmits only the right image on the right lens.
While the invention has been described in detail, the
foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions and variations can be devised without departing from
the scope of the invention.
I claim:
1. An image display device for displaying an image on the
basis of stored program data and image data, comprising:
an image display unit including a light emitting element
array in which a plurality of light emitting elements are
regularly arranged along a first direction, a mirror for
reflecting light emitted from said light emitting element
array so that it can be visually recognized by an eye of
a user and for reciprocatively moving at high speed in
a certain range to project a planar image in a second
direction almost perpendicular to said first direction,
and a mirror driving circuit for causing said mirror to
reciprocatively move;
program data storage locations for storing said program
data;
image data storage locations for storing said image data;
a display image processor for producing display data
corresponding to an image to be displayed by said
image display unit on the basis of the program data
stored in said program data storage locations and the
image data stored in said image data storage locations;
display data storage locations for temporarily storing the
display data provided from said display image proces-
Sor;
timing data storage locations for writably/readably storing
timing data related to intervals of light emission of said
light emitting element array;
an information processor which operates on the basis of
the program data stored in said program data storage
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locations to cause said timing data storage locations to
store arbitrary timing data for changing the displayed
dot width prior to displaying an image; and

a light emission driving circuit for causing said light

emitting element array to emit light on the basis of the
timing data stored in said timing data storage locations
and the display data stored in said display data storage
locations to thereby control the displayed dot width as
a function of said timing data.

2. An image display system including an image display
device body for displaying an image on the basis of stored
program data and image data and an external memory
attachably/detachable connected to the image display device
body, wherein

said image display device body comprises;

an image display unit including a light emitting element

array in which a plurality of light emitting elements are
regularly arranged along a first direction, a mirror for
reflecting light emitted from said light emitting element
array so that it can be visually recognized by an eye of
a user and for reciprocatively moving at high speed in
a certain range to project a planar image in a second
direction almost perpendicular to said first direction,
and a mirror driving circuit for causing said mirror to
reciprocatively move,

said external memory comprising;

program data storage locations for storing said program

data;

image data storage locations for storing said image data,

and

first timing data storage locations for storing timing data
related to intervals of light emission of said light
emitting element array, and
said image display device body further comprises;
an image processor producing display data corresponding
to an image to be displayed by said image display unit
on the basis of the program data stored in said program
data storage locations and the image data stored in said
image data storage locations;
display data storage locations for temporarily storing the
display data provided from said image processor;

second timing data storage locations for writably/readably
storing timing data related to intervals of light emission
of said light emitting element array;

an information processor which operates on the basis of

the program data stored in said program data storage
locations to read said timing data from said first timing
data storage locations and cause said second timing
data storage location to store the timing data prior to
displaying an image; and

a light emission driving circuit for causing said light

emitting element array to emit light on the basis of the
timing data stored in said second timing data storage
locations and the display data stored in said display
data storage locations.

3. The image display system according to claim 2,
wherein one image display unit is provided for the left eye
and one image display unit is provided for the right eye.

4. The image display system according to claim 3,
wherein said image display unit for the left eye and said
image display unit for the right eye display a stereoscopic
image with parallax.

5. The image display system according to claim 2,
wherein said light emission driving circuits causes the
respective light emitting element arrays to emit light so that
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said image display unit for the left eye and said image
display unit for the right eye display an image with timing
shifted in time.

6. The image display system according to claim 2,
wherein said image display device body further comprises a
timing data rewriting circuit for rewriting the timing data
stored in said second timing data storage locations according
to instructions from the program data stored in said program
data storage locations.

7. The image display system according to claim 6,
wherein said timing data rewriting circuit operates on the
timing data stored in said second timing data storage loca-
tion according to a conversion expression embodied in said
program data to obtain new timing data and writes the new
timing data into said second timing data storage locations.

8. The image display system according to claim 7,
wherein said external memory further comprises third tim-
ing data storage locations for storing timing data related to
intervals of light emission of said light emitting element
array, and

said timing data rewriting circuit reads the timing data

stored in said third timing data storage locations and
writes the timing data into said second timing data
storage locations.

9. The image display system according to claim 2,
wherein said mirror is caused to reciprocatively move in a
certain angel range, and a part in the certain angle range in
which angular velocity of the mirror is stable is used for
image scanning.

10. The image display system according to claim 9,
wherein

said first timing data storage locations stores timing data

capable of covering an angle range larger than said
angle range used for the image scanning, and

said information processor reads all the timing data from

said first timing data storage locations and causes said
second timing data storage locations to store the data.

11. The image display system according to claim 10,
wherein

said image display device body further comprises an

offset amount detector for detecting the amount of
offset of the reciprocative movement of said mirror
with respect to said certain angle range, and

said light emission driving circuit causes said light emit-

ting element array to emit light on the basis of a range
of timing data referred to from said second timing data
storage locations changed according to the amount of
offset of the mirror detected by said offset amount
detector.

12. An image displaying system according to claim 2,
wherein said external memory is a program cartridge hous-
ing at least one semiconductor memory.

13. An image display system according to claim 2,
wherein said external memory includes a CD ROM.

14. An external memory attachably/detachably connected
to an image display device comprising an image display unit
including a light emitting element array in which a plurality
of light emitting elements are regularly arranged in a first
direction, a mirror for reflecting light emitted from said light
emitting element array so that it can be visually recognized
by an eye of a user and for reciprocatively moving at high
speed in a certain range to project a planar image in a second
direction almost perpendicular to said first direction, and a
mirror driving circuit for causing said mirror to reciproca-
tively move, for displaying a certain image in said image
display unit on the basis of stored program data and image
data, said external memory comprising:
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program data storage locations for storing said program
data;

image data storage locations for storing said image data;
and

first timing data storage locations storing timing data
related to intervals of light emission of said light
emitting element array;

said image display device further comprising display data
storage locations and writable/readable second timing
data storage location, and an image processor for
executing the program data stored in said program data
storage locations and for accessing the image data
stored in said image data storage locations and being
operable to control:
generating display data corresponding to an image to be

displayed by said image display unit,

32

temporarily storing said generated display data in said
display data storage locations,

reading said timing data from said first timing data
storage locations and storing the data into said sec-
ond timing data storage locations prior to displaying
the image, and

causing said light emitting element array to emit light
on the basis of the timing data stored in said second
timing data storage locations and the display data
stored in said display data storage locations.

15. An external memory according to claim 14, wherein

said external memory is a program cartridge housing at least
one semiconductor memory.

16. An external memory according to claim 14, wherein

said external memory includes a CD ROM.
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