2254228 o 2254228 THREE- DI MENSI ONAL

| NFORMVATI ON HANDLI NG SYSTEM, 5.- This invention.relates to a

t hr ee- di mensi onal i nformation handling systemin conput er graphics. In thd®
field of conputer graphics. there are various techni ques of
stereographicaII% |nd|cat|ng t hree-di nensi onal 10 graphics oqgf

a two- di mensi onal22, such as the screen of -a CRT. In gen&@% %Lk 22
t hr ee- di nensi onal cursor is used in designatyng a point within an |nd|cated
t hr ee- di nensi onal space and in selecting one of indicated three-dinensional
figures (objects). In sone cases, it is difficult to understand the
positional relation 15 between a three-dinensional cursor and a

t hr ee- di nensi onal obj ect on a screen. In addition, selecting one of

t hr ee- di nensi onal cts u3| a cursor _tends to be troubl esone. United
States Patent 4, gﬁﬁﬁif HNEQBM@’E@%MWM S¥STFEMhi ch
I ncl udes a display an |nput sectlon and a 20 controller. The display

i ndi cates a three-di nensional inage, a vector cursor, and a pointing inage
(pointer) extending.-in a direction of novenent of the vector cursor. The
controller generates a display signal to execute the indication of the

cont rol | 68 1 acogni THB anyehbet Fefaten b Aoftreiubefislat 1bbrni@n, n(Tng
TS L S RBARLEE LUGIRL AL eOon g e (1ot 2 setion.

t hr ee-di nensi onal i nmagi ng system The cursor includes a reference

In the field of mmpute*i graphics. there are various
techniques of stereographically indicating three-dimensional
10 graphics information on a two-dimensional screen such as the _
screen of a CRT. In general, a three-dimensional cursor is used in
designating a point within an iﬁdicated three-dimensional space and
in selecting one of indicated three-dimensional figures (objects). In
some cases, it is difficult to understand the positional relation
15 Dbetween a three-dimensional cursor and a three-dimensional object
on a screen. In addition, selecting one of three-dimensional objects
by using a cursor tends to be troubiesome.
United States Patex'?t 4,812,829 discloses a three-dimensional
display device which includes a display, an input section, and a
20 controller. The display indicates a three-dimensional image, a
vector cursor, and a pointing image (pointer) extending in a -
direction of movement of the vector cursor. The controller
generates a display signal to execute the indicaticn of the three-
dimensional image, the vector cursor, and the poiniing image. The
25 controller recognizes the three-dimensional image crossing to the

pointing image in response to the pointing signal from the input



symbol, a tether synbol, and a pointer synbol. 5 United States Patent
4,835,528 di scl oses a cursor control systemin which hairs passing through

‘a cwsor assist the user in unambiguously locating the cursor within a

t hree-di nensional object. 1 0 It is an object of this invention to
provi de an inproved three- dinensional informatieon handling system A first
aspect of this invention provides a three-di g@nsional infornmation handling
system conprising a display device for indicating a virtual

t hr ee- di nensi onal space on a two-dinmensional 1 5 screen; a position and
orientation designating device for designating information of a

t hr ee- di mensi onSECHP®I.t i on and a three-di nensional orientation; a position

and orientation neasuring device for neasuri ngat he t hr ee-di nensi onal

_ _ _pg device; a processing device for calculating
t hree- di mensi ohBreendimensippal imaging systent pHe cussor includes a reference

di mensi onal positiqn .and, ocientatjon information nmegsured by the position
and ori ent ationi%@e: i Lﬁﬂoa‘? @Egiﬂtﬁﬁ'lsyﬂﬁaolt-he di spl ay devi ce

position and ori ent atyBitedrbiateatRalenii4.808,97aelates: tajabgursor forsusedn a
and orientation _designatin
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o ent ot on qeo PERGHRNG AR HBKE TRBSS hloen 4 rirsor Bt e Bher . cen
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10 o It is an quect of this inQention to pfovide an improved three-
dimensional information handlihg system.

A first aspect of this invention provides a three-dimensional
information han_dling_ system comprising a display device for
indicating avirtual three-dimensional space on a two-dimensional

15 screen: a position and orientation designating device for designating
informa-tlon of a three-dimensional position and a three-dimensional
orientation; a position and orientation measuring device for .
measuring the ﬂareé-dirhensional position and orientation
information which is designated by the position and orientation |

20 designating device; a processing device for calculating three-

| dimensional displa.y information on the basis of the three- .
dinlensional.pbsition and orlentation information measured i:)y the
position and orientation measuring device, and for controlling the
display device and the position and orientation measuring device;

25 means for indicating a cursor on the screen of the display device;

means for moving the cursor in accordance with movement of the
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5 positional relation with the cursor; and means for noving the figure in
accordance with novenent of the cursor. A second aspect of -the-invention—
provi des a three- dinensional information handling system conprising a

t hree- dinensional origin designating section; a position and 10
orientation designating section for designating three- dinensional

I nformati on according to a positional=rglation wth the three-di nensi onal
origin designating section; a position and orientation measuring section
for readi ppsitddmrared drientatidn i désignatingdevices neangnfbed by the 15

position g or| | 0p, desj tg CLLon, o | ReLL U i_nput section
Por | npur ARSAETHE 4 Hyoie GR 409, SFF448T 01 s, ALRRIBY, nEne "o put
signal of filgure sdxtendimg i fmnm Ghetcmmsonnﬂnganéinechgoa dnﬂbpehdemgnal in
response t the of | n, a
target om éi&é%t? %ké%ﬁ ?% §¥ﬁ§ 33@ h?gﬁgtipggt EF ct in a
virtuals tlpm:ﬂoM|mwét$qlmmitn tNesourmagang neahsototoruovﬁ.nggl ng
data of a ,hre di nepsi ona ur sor ch_noves virtual three-
di mensi oné"lth% e g‘éc%"?ﬁ%?ﬁé%nﬁ?t‘ﬁl RFLRReRE ?ﬁegsg ©B58PEIron and
orientation deswgrﬁemm et ; ofl tmsﬂweutml pﬂoﬂgesefarrunseeng section
for nanagl of . a r ee- ext endi rom the cursor
in a d|re f&ﬁ%&nﬁ%ﬁ €%992$ $f%n- 'eﬂchﬂ@rggﬁg ¥§& g in
a fixed p@iﬁewswdmarlﬁ-i@mvuésighsttugseéctisan taepouitdbneahmsu oln
figure nmoving in accor urs ositiona
rel at i%th RUERRERHPR g Bﬁn¥%in€af%ﬁ€§?Png°§ $§F§9P8ﬁiy ﬁggﬁefhe cur sor.
ext ensi on dingerisicumal eﬁﬁﬂoﬁinaobomiecorldihq tesaspobitiiendat xerTatdesd by u
the cursor_é& rﬁlcthre -éfmennggnaf origin designating section; a
po51tion and orientation measuring section_for reading the

three-dimensional information which'is designated by the

15 position and orientation designating-section: an
instruction input section for inputting an instruction; a
control section for analyzing an output signal of the
instruction input section, and generating a control signal
in response to the output signal of the instruction input

20 section; a target object managing section for managing data
of a target object in a virtual three-dimensional space; a
cursor managing sectiOn'for maneging data of a three- -
dimensional cursor which moves in the virtusl three- v
dimensional space in accordance with movement of the

25 position and orientation designating section; a cursor

 extension figure managing section for managing data of a
three-dimensional figure ertending_from the cursor in a
direction independent of a velocity vector of'the cursor
and being in a fixed positional relation with the cursor,

30 the cursor extension figure moving in accordance with
movement of the cursor, a pos;tional relation processing
section for calculating a relation between the cursor
extension figure and eaoh of objects on the basis,of the
data managed by the cursor extension figure managing .
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- 4 - section and the target object managi ng section in response to the
control signal generated by the control section, and for selecting one of

t he~obj ects in accordance witth the cal cul ated rel &%ons; a sel ected object
storing section for 5 storing data of the object selected by the positional
rel ati on processing section; an object processing section for processing
the data of the target object on the ba5|§ of the data in the selected

obj ect storing sectlon and t he target obj €ct managi ng section in response

to the contry, n
updati ng thes(H at a |n t e tar&’ll Jeﬂie%gﬁgﬁﬂgéiﬂécggétiBHnaﬁ gﬁggﬁpgy dat a
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t he cursor; Qﬁxﬁhﬁfdntamﬂmr@heheeIéctedrehmeandstbripglseetion andothence
W th ”D"e”e%ﬂ}eé b RYEhEnd5ERS " se FELSR iRrreQSoﬁéé' £9 theCgofeTRis! onal
10 signal generated by the control section, and for updating
s the data in the target object managing section; and a
display data generating section for generating eoutput data
on the basis of the data in the cursor managing section,
the cursor extension figure managing section, and the
15 target object managing section. | :

A third aspect of this invention provides a three-
dimensional information handling system for use with a two-
dimensional screen which comprises a manﬁally-operated _
movable member; means for indicating a three-dimensional

20 cursor on the screen; means for indicating a three-
- dimensional pointer on the screen, the pointer repreéenting
an orientation of the cursor in a direction independent of
Yot a velocity vector of the cursor and'being in a fixed
positional relation with the cursor; means for moving the
25 cursor and the pointer in accordance with movement of the
movable member; means for indicating three~dimensional
object images on the screen; means for detecting one of the
object images which intersects the pointer; means for °
selecting the object image which intersects the p01nter in
30 response to a selecting instruction; and means for
controlling the selected object image in résponse to a
control instruction.

‘The invention will be further described by way of

non-limitative '



obj ect images on the screen; neans for detecting one of the object inages
whi ch intersects the pointer; neans for selecting the object inmage whi chu
i ntersects the pointer in 30 response to a selecting instruction; and

" means for controlling the selected object inmage in response to a control
I nstruction. The invention will be further described by way of
non-limtative - 5 - exanple with refecgce to the acconpanyi ng draw ngs
in which:- Fig. 1 Is a diagramof a three-di nensional information handling
system according to a first enbodinent of this invention. Figs. 2 and 3 are
di agrams of the stylus, the display, and the 5 position and orientation
measur enent \AFEEPES Wltﬂg referericg. to) the %pqgmmiaza@aaﬁnsﬁ iphehich:-

iElh(r)\ighglr {re(r;]csl gn(SIr r mat |é)n handl k_ng s¥stgm of F| 1. rFilngti 5is a Fig. 6
and i LS%SL?%%‘@R% : “? B8 nﬂnsitcdaﬁﬁ%l igfibisd?ra %b?ﬂs in
Smbod; ment ?”fL?Qﬂsﬁvérﬁfﬁﬁ? %W%‘}*@&ﬁﬁﬁsﬁ%&r AREESE
the secor cRustiihriiad HiIRRRH mesardRehe Brle 8 B2 1070 PT EP e 1
I ndi cated by Fig. 4 is a block diagram of the three-dimensional information

| " handling system of Fig. 1. | |

- Fig. 5 is a flowchart of a program controlling the computer of \J
Fig. 1.
10 - Fig. 6 is a flow diagram of the function of the three-
dimensional information handling system of Fig. 1. |
Fig. 7 is a diagram of a display and a stylus in a three-
dimensional information handling system according to a second
- embodiment of this invention. o
15 Fig. 8 is a flow diagram of the function of ‘the three-
dimensional information handling system according to the second
embodiment. ' ' |
Figs. 9, 10, and 11 are diagramsshowing images indicated by
a display in a three-dimensional information handling system
20 according to a third embodiment of this invention.
Fig. 12is a flow diagram of the function of the three-
dimensional information handling system according to the third
embodiment.

¥igs. 13, 14, and 15 are diagrams showing images indicated by

N

& dispiay in a three-dimensional information handling system o
according to a fourth embodiment of this invention.



a display in a three-dinensional information handling system2 0 according
to a third enbodi nent of this invention. Fig. 12 is a flow diragram of the
funetion of the three- dimensjional information hangdling system according to
the third enbodinent. Figs. 13, 14, and 15 are diagrans show ng i nages -

I ndi cated by 25 a display in a three-dinensional information handling
system according to a fourth enbodi nent of th§s invention. - 6 - Fig. 16
is a flow diagram of the function of the three- dinensional information
handl i ng system according to the fourth enbodiment. Figs. 17, 18, and 19

are di agrans show ng.j e I ndi cated by 5 . a di.splay in. _

t hr ee- di nensi onal i nmngé%@ﬂé’m & sqfeﬁeabéﬁ?agﬂgork&%m?ﬁ .

he three. o meeRsRBGTN Btoriaer hrtab ek ShER b F chi Ko,
enbodi nent.. 10 .. ﬁa&ﬁ 21, 22, and 23 are di agrans show ng i mages

I ndi cated by a %%%?%y I'n"a three-dinensional information handling system

i agram of the funct FEroTy A8 R0 & BIERAEY sHoving fnafed thfthted by
ol age. i el cof JBBIAY 18 & Hirce- Uit AP Ritoridtion harIng SRS 2 a1 ng
syst em accor di ngeésrdingete &l fiftbrbeiiotiftiert! of this irveeitiden.
Fig. 20 is a flow diagram of the function of the three-
s - dimensional information handling system according to the fifth

| =]

embodiment.

10 Figs. 21, 22, and 23 are diagrams showing images indicated by
a display in a three-dimensional information handling system
according to a sixth embodiment of this invention.

Fig. 24 is a flow diagram of the function of the three-
dimensional information handling system according to the sixth

15 embodiment. o '

Fig. 25 is a diagram showing an image indicated by a display in
a three-dimensional information handling system according to a
- seventh embodiment of this invention.
| Fig. 26 is a flow diagram of the function of the three-
20 = dimensional information handling system according. to the seventh

embodiment.

With reference to Figs. 1-3, a three-dimensional information
- hex.dling systere tncludes a position and orientation measurement
£5 .uanit 12, a display i3, and a computer 500 such as a work station or

a personal computer. The position and.orientat_ion measurement



Fig. 26 is a flow diagramof the function of the three- 20 dinensi onal

I nformati on handling system according to the seventh enbodi nent. Wth -
reference to Figs. 1-3, a three-dinensional information handling systens"
“includes a position and orientation neasurement 25 wunit 12, a display 13,
and a conputer 500 such as a work station or a personal conputer. The
position and orientation neasurenent -¥7Z4nit 12 and the display 13 are
el ectrically connected to the conputer 500. A manually-operated novabl e
stylus 11A and an el ectronagnetic radiati on source 11B are electrically

ol oot onmgne A g end $he Biapiay T8 Sedriealht Cont uPF‘iﬂt%’zzam;rtﬁal e
telhéﬁterE@”SEZ@%P@&@%?&&?&W@#%%%@%% dis TEARER AR Sour ce
reasur onent S ?&?'ﬂ‘f%@d??fé%%se“%% 115 M8 GeRthedliy Xoaibaed o

cursor p05|t|tﬁg) %5\50“6 Sheh?aﬁBﬁ RleaSiPenitift Uht n‘)c hoal so represents a

t hr ee- "di mensi o on (a cursor orrentatron) at the p0| nt The

position gnd ori emypd v
8 p05| t et ﬁ%ﬁﬁan aﬁ‘ét :trauih&oﬁ%éiﬂée $1B §

t hr ee- di nensi onal r ee-di mensi onal ori at I on 1 5 rom

the output sigmabirthal #Rréé-dinfenkidnal Bpasec THe Btyles MAtnaésecﬁons for
t hr ee- di nensi onal poi nt and a t hree-di nensional orientation at the poi nt,

that is, a ceensingadid electeomh © flelds igetierated fromn ¢her ati ng the
styl us 11A The conbi nation of the stylus 11A, the el ectromagnetic .

radi ati on soeleetréfiihgretic radigtion soarcerklB. The stylus 11A outputs a o
signal to the position and orientation measurement unit 12 which

10 represents a three-dimensional point (a cursor position) with -
respect to the origin, and which also represents a three-
dimensional orientation (a cursor orientation) at the point. The
position and orientation measurement unit 12 derives information
of a three-dimensional position and a three-dimensional orientation
156 - from the output signal of the stjrlus 11A. The user can designate a
three-dimensional point and dthree-dimensional orientation at the
point, that is, a cursor position and a cursor orientation, by
operating the stylus 11A. The combination of the stylus 11A, the
electromagnetic radiation source 11B, and the position and
20 orientation measurement unit 12 is known (see, for example,
~ United States Patent 4,613,866). |
The computer 500 controls the display 13 so that three-
dimensional objects’ 14 and 15 can be indicated on the two-
.dimensional screen of the display 13. The computer 500 receives
25 the position and orientation information from the position and

. orientation measurement unit 12. The computer 500 controls the



20 orientation measurement unit 12 is known (see, for exanple, United
States Patent 4,613,866). The conputer 500 controls the display 13 so that
t hree- di nensional objects 14. and 15 can be i ndi cat.ed on the two-

dir rensi onal screen of the dlsplay 13. The conputer 500 receives 25 t he
position and orientation information fromthe position and orientation
measurenent unit 12. The conputer 500 contralg_the - 8 - display 13 in
response to the received position and orientalion i-nformation so that the
di splay 13 can indicate a three-dinensional cursor 16 at a position and
with an orientation depending on the position and orientation information.
The cursor 16 rdisplayrk3 in response to thereceived positionland-atientational
space. In addition, the cursor 16.is of a shape having an orientation. One
of the objects information serthat &@%ﬂgsﬂaydl&cmmdm%e@ thpee-slimensional
stylus 11A to control _the cursor shown in Figs. and 3, he ObJECtS

14 and 15, and eyxsor 16 at,apgst ﬁ@na d with- ancerignta ﬁ@ndi@# ngonythe
formof 'tf.ara%% aﬁﬁh Sniendation infbiation, (The sursos:} %b?eégmm:heah
D aee it nx heD B e PhitRE Thrbluiis S?ﬂ@aﬁmsp b ildiblon, te

e e et e i !
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L/ . control the cursor 16. '
As shown in Figs. 2 and 3, the objects 14 and 15, and the
10 cursor 16 are indicated on the display 13. The cursor 16 is moved
by operating the stylus 11A. The cursor 16 is in the 'fox;'m of a
triangular cone. A cursor extension line or a straight-line pointer
17 extends from the vertex of the cursor 16 in a direction which
agrees with the orientation of the cursor 16. The cursor extension
15 line 17 thus represents the orientation of the cursor 16. The cursor
16 and the cursor extension line 17 move and rotate in accordance
with movement and rotation of the stylus 11A relative to the
electromagnetic radiation source 11B. |
The selection of one of the objects 14 and 15 is executed as
20 follows. In the case where the object 15 is required to be 'selelct'ed.'
the stylus 11A is rotated until the cursor extension line 17
“intersects the object 15 as shown in Fig. 3. Then, a manuall.y-
operated input device within the computer 500 is activated to feed
~ . a selecting instruction to the wcain body of the computer 500. The
25 computer 500. selects the cbject 15, which the cursor extension
‘line"17 intersects, in response to the selection instruction. The



2 0 follows. In the case where the object 15 is required to be sel ected,
the stylus 11A is rotated until the cursor extension |line 17 intersects the
object 15 as shown in Fig. 3. Then, a nanually- operated input device N
“within the conputer 500 is activated to feed a selecting instruction to the
mai n body of the conmputer 500. The 25 conputer 500 sel ects the object 1,
whi ch the cursor extension line 17 interseBt-s, in response to the selection
i nstruction. The - 9 - selected_object 15 is allowed to nove and
transformin conpliance with user's requirenents. As described previously,

< rorated uitlected SRt 35 I8 alfiried, th bvd and (rkbbiards 1n cEriliatie oot
Phe. o8yt be STRE e Refriaiale, A BbBeribie BreIRGEE i shieiai .
oo ggngpgrgk%% of Pﬁ@?%ﬁ%% 585"%8 f ey 1A R PGt

section 500 rpé‘l ﬁﬁer sTpalancty ; 0 M

500D. The corrput er. @8 ai SO II’IC udé?oan I nput O%ew ce t eé'gs)uc% as kaﬁlgA

keyboar d 5 Whiggleeitforf ©f bife Bf'ob_geétﬁeiﬂ {Qaiﬂﬁcbﬁ&éo%dﬁ i d
1 3 are nnect ed 0 t

orientation neasurenent unit and the displa he I/0O

section 500A1qfA uitilltite ct@8BH 116 ehtérs fhe gmﬁwcﬁ?iédetﬁy andeseedof the -

- conmputer 500 operates in accordance with a programstored in the nenory

500C. Fig. Sobject. Therefore, thet Seleptionr afronésofsbbjects rcean dpe exeeuted st
bl ock 601 of the program derives the current p05|t|on and the current -~
orientation easilfe stylus 11A by : o : o

As shown in Fig. 4, the computer 500 includes a combination

10 ofan I/O section 5004, a processing section 500B, a program
memory 500C, and a RAM 500D. The computer 500 also includes
an input device 500D, such as a ke}_rboard. which is econnected to the
I/0O section 500A. The position and orientation measurement unit
12 and fhe diéplay_l_»& are connected to the I/O section 500A of the

15 compufe_r 500. The processing section 500B of_tl‘ie computer 500
operates in accordance with a pfogram stored in the memory 500C.
Fig. 5 is a flowchart of the program. y

As shown in Fig. 5, a first block 601 of the program derives
the current _pbsition and the current orientation of the stylus 11A by

20 referring to the output signal from the position and orientation unit
12. : L _

A block 602 following the block 601 caleulates a desi;'ed
position and a desired orientation of the cursor 16 on the basis of
the current pesi-tioh and the current orientation of the stylus 11A

25 wh;cn are denveu by the block 601.

A block 603 following the block 602 calculates a desired
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2 0 referring to the out put signal fromthe position and orientation unit
12. A block 602 follow ng the block 601 cal cul ates a desired position and a
des¥red orientation of the cursor 16 on the basis .0f: the current position
and the current orientation of the stylus 11A 25 -“ihich are derived by the
bl ock 601. A block 603 follow ng the block 602 cal cul ates a desired - 10
- position and a desired direction of the cyiar extension |lirne 17 on the
basis of the current position and the current ¥Yorientation of the stylus 11A
whi ch are derived by the block 601. A block 604 follow ng the bl ock 603
deci des whether or not 5 an instruction is inputted fromthe .input device
500E. \Wen an ipositiont and asdiésiped tdifedtion éfthé enwsor extensioDline 17 on
program advances to a bl ock 605. Qtherwi se, the programjunps to.a bl ock
611. The bl ock theSbdsis df the rearrgnt position andufiteccurreritr orientatiofs 6f théen
the inputted instruction agrees with a selecting.instruction, the program
advances to a lstyhis AJA wikich are derjved: by thesblook 604. agrees with a novi ng
i nstruction, the program advances to a-block 609, Wen the inputted

i nstruction agrees v:g 4 wing the tblocki 603 (decitles swhithey 0y not

instructio% the 1 5 program advances to.a-block 610. The bl ock 606
cal cul at es ?he 3 dnshmiction is inpuites: from theninput devicgBQ0E. oWhenan 7 and

each indi cated object. The bl ock decj des whether o ach.indi cat ed
obj ect interse %r@oﬂnmasfi?e gdnpnt éﬁﬂcéeé@&%s &%PF?EF% ed
obj ect whi ch | ntcf\;asr?ccets to a block 605. Otherwise. the program jumps to a block

N\ 611.

The block 605 decides the type of the inputted instruction.
10 When the inputted fnstruction agrees with a selecting insﬁ'uction,
the program advances to a block 606. When the inputted'
instruction agrees with a moving instruction the program advances
to a block 609. When the inputted instruction agrees with a
transforming instruction (a shape-changing instruetlon) the
15 | program advances to a block 610. |
The block 606 calculates the positional relation between the
_ cursor extension line 17 and each indicated object. The block 606
decides whether or not each indicated object intersects the cursor
extension line 17, and detects the indicated object which intersects
20 the cursor extension line 17.
A block 607 following the block 606 deﬁh_es the obje'c;. which
‘intersects the cursor extension line 17, as a selection-target object. ...
After the block 607, the program advances to the block 611.
~ The block 609 processes the C-ata of the selective to:get
25 object in accordance with the moving instruction so ii:at the

"'Seleetion-targéf object can' be moved on the dispiay 18 according to
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20 the cursor extension line 17. A block 607 follow ng the block 606
defines the object, which intersects the cursor extension line 17, as a 7;
sel ection-target object. After the block 607, the program advances to thé*
bl ock 611. The bl ock 609 processes the data of the selector target 2 5

obj ect in accordance with the noving instruction so that the

sel ection-target object can be noved on t-fkeldi splay 13 according to -1
1- user's requirenments. After the block 609, the program advances to the
bl ock 611. The bl ock 610 processes the data of the selection-target object

Sl act 1 on- 1 aPgeF soryeirehiiis: Akt IE bloaL 64, e Bibeldth ddvanegs 1o

user's requi gRg _ : ._er'th-e_ bl ock 610, the program advances to the bl ock
611. The bl ogﬁ g%'%goﬁ ?6I s the display 13 in response to the data of the
current desired pa%id bIoelr 1O draekatdd thel dAE of $heo E@t@iﬁ— dthat the
cursor 16 will beq?inémbgg?e : a?ﬂéagggﬁéﬁg% on&?ﬁg g'lt‘lgpf?ily 1 'vmé%:%étagrees

wi th the cur pbjéctifip acedraante wihothd bRutsfofmiingtinstrdctibat sé that the

orientation of"the indicated cursor 16 will correspond to the desired

orientatifn gélddtioretasget dbjectheard bectrafisformed ohsthedisplay 48 13 in

response to the data of the current desired 1 5 position and direction of
the cursor eateosdimg to ntser’s sequirements. c After tie thloekoB10j thelprogedmbe
indicated in a position on the display 13 which agrees with the current
desi red posi advaneesttoctheblock 8klnsi on |ine 17, and that the direction of
the indicated cursor extension line 17 will correspond to the desired
direction of . - The block 611 controls the display 13 in response to the data

of the current desired position and orientation of the cursor 16 so

10 that the cursor 16 will be indicated ata positibn on the display 13
which agrees with ihe current desired position of the cursor 16,
and that the orientation of the indicated cursor 16 will correspond
to the desired _-oﬂentaﬂon of the:cursor 16. The block 611 eon_tmis
t_.he display 13 in reé?onsé .to the data of the current desired

15 position and direction of the eursor e'_xtensi_on line 17 so that the

- cursor extension line 17 will be indicated in a p_csitibn- on the

display 13 which ég_re.es with the cufren_t desﬁed.poSiﬁon of the e
cursor extension lihe__ 17, and that the direction of the indicated ~
cursor extension line .17' will correspond to the desired direction of

20 the cursor extension line 17. The block 611 controls the display 13
in response to data of objects so .that'the corresponding objects will
be indicated on th.e' display 13. In some cases, the object déta
includes the select_ioh-t_a:get object dé.ta. After the block 611, the
program returns to ﬂ'1e Bloek 601.

25 In the case W_heré nioirem.;nt S omz of indicatzd objacts is

- required, the _stylué_ 11A is rotated until the cursor extension line 17



20 the cursor extension line 17. The block 611 controls the display 13 in
response to data of objects so that the correspondi ng objects will be

i ndheat ed on the display 13., I n sonme cases, the object data includes the
sel ection-target object data. After the block 611,” the programreturns to

the block 601. 2 5 In the case where novenent of one of one of
i ndi cated required, the stylus 11A‘is rotated2mtil the cursor extension
line 17 -1 2- intersects a desired object 15. Then, the input device

500E is operated to feed a selecting instruction to the main body of the

conputer 500. The . ks, 6 . Of &Fi g D ake e It nse to
t he sel ecting iNstT %oﬂd)wpg)gé?fﬁsr hm%fﬁﬁgg&wlw ded to
be a sel ection- gat, 0l ecls They it he l oout devi ooy il ragted to
feed a noving i%ﬁ%ﬁ?@iﬁ?{ég Phga%gfd#égioﬂy or " ﬁe@%%@?ﬁ%ﬁfﬁe ock
609 of Fig. 5 ig ﬁﬁﬁﬂj& N Sks (606 8076 Fig! 5Ustd cﬁfe ;
result, the seléé%t on-tgtg);%'t %lgjéggtaélﬁg vle%ll n g‘gggfg%n?zﬁvﬁ taﬁet e %Diflll ng
instruction. 1 fhgn : AN @ﬁﬂ@@ﬁg Ofrfstht; Ho' ARt & Gesalt, asired 6Bl&d
objects is requﬁsgtgnstéhggglﬁgéllA 'S rt%'t:lgtﬂgd U%I? t he c(t}?%oraagxtensi%n
line 17 int & se dedidikb té Bk absélectibn-taizRt objeet. 'Thén dthe GapritOfevice
operated to feed a selecting instruction to the main body of the conputer
500. The bl ocks500E mdgswtealf tdifeed 2 aiovinganstmiction ltoSthe enatmbodyoof he
sel ecting instruction. aresult, the desired object is decided to be a -
sel ecti on-t ar gethelcomputethB500. t Thei blodk 608 of Fig05 issexgrutedein responsea
transformng instruction to the nmain body of the conputer 500. The bl ock
61Q of Fig. 5 ito theanovihg instruediozs tAs atresulbnthe selecfiomdarget objectds a

restlt, the selection-
moved in accordance with the moving instruction.

10  _ In the case where transformation of one of indicated objects is
.reqtiired-. the stylus 11A is rotated until the cursor extension line 17
intersects a desired object 15. Then, the input device 500E is
operated to feed a selecting instruction to-the main body of the
computer 500. The blocks 606 and 607 of Fig. 5 are executed in

15 response to the selecting instruction. As a result; the desired object
is decided to be a selection-target object. Then, the input device
500E is operated to feed a transfor-mingl instruction to the main
body of the computer 500. The block 610 of Fig. 5 is executed in
response to the transforming instruction. ' As a result, the selection-

20 target object is transformed in accordance with the transforming
instmcﬁon. _ |

. Fig. 6 shows the flow diagram of the function of the tﬁfee—
. dimensional information handling system of Fig. 1. The three-
dimensional information handling system will be further described

25 = with reference to Fig. 6. An instruction input section 301 receives

. -Instructions such as selécting instructions which ai'e- generated 'in
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20 target object is transforned in accordance with the transform ng
instruction. Fig. 6 shows the flow di agram of the function.of the three-"

di mensi onal information handling systemof Fig. 1. The three- dinension T‘

i nformati on handling systemw || be further described 25 wth reference to
Fig. 6. An instruction input section 301 receives instructions such as

sel ecting instructions which are generat edt 8a - 13 - accordance with
user's requirenents. A three-dinensional position and orientation

desi gnating section 302 designates infornmation of three-dinmensional

882' BQSng]‘Q?a%Eée it ithoHsrEA deaibrRgats: ki Hikee-dimen: %&?p%%‘“éﬁﬂn
i T AR SRR o 0 S AR
fgfolrjrsrg'zli zni ﬁﬁf % igﬂgl M#gﬁsggﬁ 0%'@%3 t%e&#ﬁeegfrg\eﬁéﬂéﬁgﬁa o
data rel at edgﬁy‘g’ @g?%&%% g?ch%%ﬂéb.?pgbs M :o' g% tﬁ%e?etﬁ#égﬂ% &ssed. gA
:mgg g: gg:#’g@m gl&;sor e”gir% Ehﬁ?‘:?es the p03| t I on -;&63'1 orl en‘?g%%ogf o?
the three d SBBHOPNB04C Hécdlves Ahb thfée eai'eﬂ%iﬁl bsfi#6hind bfiitation N

nmanagi ng section manages dat a -di mensi onal cursor

extensi on |i igfortngtieAl fonildhe HeR-dimensietal pﬁs%mr@iéﬁtﬂiéﬁ' ay
I mge data on the basis of the data generated by the sections 306, 307, and
308. A displ destgeating Sédtion GOt eA ddtrdhbectionc305ethteyptéts the user's o/
instruction, and controls the whole of the three-dimensional
10 information handling sjrste'm-. A target object managing section 306

manages data related toa target object, that is, an objected to be

processed. A three-dimensional eursor managing section 307
~ manages position data of a three-dimensional eursor, and calculates
the position and orientation of the three-dimensional cursor. A
15 three-dimensional cursor extension line managing section 308
manages data related to a three-dimensional cursor extension line.
- A display data generating section 309 generates display image data
on the basis of the data g_enefated by the sections 306, 307, and
- 308. A display section 310 indicates the data generated by the
2O display data generating section 309 as a virtual three-dimensional

O

space. A positional-relation processing section 311 executes
processing related to the positional relation among the three- R
dimensional cursor extension line and indicated objects. A
selected-object storing section 312 stores data of the selected

25 object. An object-shape processing section 313a and an object- .

movement processing section 313b compose an object processing



2 0 display data generating section 309 as a virtual three-dimensional
space. A positional-relation processing section 311 executes processing
rel*»ed to the positional relation anong the three-.di nensional cursor
extension line and indicated objects. A selected-object storing section 312
stores data of the selected 25 object. An object-shape processing section
313a and an obj ect- novenent processing sectiqgpn 313b conpose an obj ect
processi ng -14- section which executes the processing of an object. The
obj ect- shape processing section 313a executes a process of changing the
shape of an object. The object-novenent processing section 313h executes a
process of novisectionowhich exécutes théhpradessingiofeansiohjett.n Fhé icbjeetd
orientation designating section 302 corresponds to the stylus | 1A of Fig.

1. The three- dshapeipracessingisectioni §h3ai exeautesi @ process ofrelsanging thet he
el ectromagnetic radiatjon source 11B of Fig. 1.. The three- dinensional
position and orShapetefoan ehbiecti nkhe hjeetrmovement pracessing sectiomm 813b
position and orientation neasurenent unit 12 of -Fig. 1. \Wen the user
operates the thﬁé@‘&eﬁeﬁﬁmﬁs SNOVIRE aR10Bjeednt at i on desi gnating section

ggﬁ E?} g‘;ﬁ:ﬁ Eﬁ ﬁégﬁghﬁ%a@%@ﬁﬁ%m@&i 3 areRtNGn deslgnating
secti on 302, - arieataR S0H ForReaHmAg 13 he BtR FLAE g 7T, ‘e $hiker e
e ook, B b B Bt P BT
magaging secti ofedtrohaphiétie! Axiialon source 11B of Fig. 1. The three-

dimensional position and orientation measuring section 304

10 corresponds to the position and oﬂentaﬂon_measuremeht ‘unit 12 of
Fig. 1. ‘When the user operates the three-dimensional 'pOSition and
 orientation designating section 302 to move the three-dimensional
cursor, the three-dimensional position and orientation measuring
section 304 measures position and orientation data of "t.h'e;"; three-
15 dimensional position and orientation de'sighating section 302, and
feeds the measured position and orientation data to the three-
dimensional cursor managing section 307 and the three-
dimehsional cursor extension line managing section 308. The
three-dimensional cursor managing section 307 calculates and
20 updates data of the position and orientation of the three-
dimensional cursor on the basis of the received position and
orientation data. The three-dimensional cursor extension line
managing section 308 calculates and updates data of the position
. and orientation of the three-dimensional cursor extension line on
25 the basis of the received position and orientation data. -
..~ -The-display data’ genéré.tirig'séétion" 309 generates updated
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20 .updates data of the position and orientation of the three- dinensional
cursor on the basis of the received position and orientation data. The 7
_ three-di nensional cursor extension |ine managi ng section 308 cal cul ates 3ﬁd
updates data of the position and orientation of the three-di nensional
cursor extension line on 2 5 the basis of the received position and
orientation data. The display data generatlifig secti on 309 generates updated
-1 5- display imge data on the basis of the data generated by the target
obj ect nmanagi ng section 306, the three-dimensional cursor managi ng section

307, and the ee-d NS4 Qn rsor. .extensi on, | i nagi ng.sect i 308.
The di spl ay g&%@?& "‘ < ﬁ#@ﬂﬁew Q%eag?'gﬁge%Q%q%%at ed
di'splay | mg A NS Al SOLAY S O o] g Tels o the display 13
of Fig 1 vheietmaiehie 8eton 06, Puf threR dBRRA el TP 2Y.

di mensi onal pLnf.orgatd o, dbhag N+1Re. CLinHh1 ASE Qi d
tranom 11 od PIERERIe SPcUpHC307) S KER) tireR AfthERbcAY niddi Eitthgybn
section 301. 1Kk 'dﬁ%gﬁi LErtid Seriié displadr §66H68 P10 Indicdfed ARPUL
devi ce 500E gﬂ%g%. : %%%%’??’3%:@# g!ri]s -gg“é%’?grﬁnr espioyr%s%ﬁto t he
sel ecti n@ i nfrnbge! é1f thebabiki dfttheipdaked (displa irmaje 'dfial STheed fsm r

ext ensi on Iineb§§‘?efesring”to t he ggta“geng?gggd byethe'three-di %gional
cursor ext engeetiohi EOrEHREsPEndS tectié disFRY 18k Rty get obj ect

managi ng section 306. The control section 305 stores 1 nformation of the-
found obj ect intoWhensiiecuser inputsta selecting testruetioti Ints thefthmeeti on of

a selection- target object. The positional-relation processing section 31%.
executes a dimensional information handling system, the selecting instruction \o/
is transmitted to the control section 305 via the instruction input
10 section 301. The instruction input section 301 corresponds to the

input device 500E of Fig. 4. The control section 305 operates in

response to the selecting instruction, and finds an object which
intersects the cursor extension line by referring to the data
~ generated by--ﬂ:e-.-thxee,-dimensional cursor extension line managing

15 section 30_8'. and the target objeqt managing s_éction-SOG; The -
control section _305 _étores information of the found object into the
selected-dbject storing section 312 as information of a selection-
target object. _
| The poéiﬁonal-relation processing section 311 executes a

20 process of c_hecking wh__ether or not the three-dimensional cursor
extension line intersects each object in the virtual three- -
dhnensidnal space. .

In the case where the user subsequently inputs a moving

instruction into the three-dimensional information handling system

25 with respect to the sélected_ object, the object-movement: -

processing section 313b executes data processing for moving the



20 process of checking whether or not the three-dinensional cursor
extension line intersects each object in the virtual three- dinensional
spase. | n the case where the user subsequently inputs a moving instruction
into the three-di mensional information handl i ng systen125 with respect to
the sel ected object, the object-novenent processing section 313b executes
data processing for noving the -1 6- seletBed obj ect and updates the
data in the target object managi ng section 306. In the case where the user
subsequently inputs a transformng instruction into the three-dinensional

obj act - E‘-’thﬁ}%#%*%giéﬁ#g@s%ﬁ{! o da05 tnd el du°ff Tafderobléct miffaem
ar oot obj oot - nandist SRS 3 6, Gie e @*@#ﬁ%ﬁ#gb@%e’%f%a@s%%
Flge. 16 excoptopsioiing th cfa'a%‘es i eifh ‘?Qﬁﬁ%ﬁ%%%ﬁ?ﬁﬂ

rel ati on bet Ve Hhridlih! ~ I gf’es{-ﬁ%i: SRIE nd
Eg sect | o a s 8{»}5| n t déésecoﬁ ‘ngta

orientation designati

shown in Fi§. THhape yaacésmgﬂsee@wlm eﬁé&té@%&h“ﬁwcésﬁhg%f a 15

virtual three-di mensi onal space containing a three-dinensional cursor is

accorded with tdlw theshapesofthe selsctediolject b updatesthedhtanace
containing the three-di nensional position and orientation designating

section. As shdiwe tardetopbjéct whanaging sdctione806bj ect 45 is required to 20
be selected, the three- dlnen3|onal position and orientation sectlon

“

Figs. 7 and 8 relate to a second embodiment of this invention
10 which is similar to the embodiment of Figs. 1-6 except for design
changes indicated later. Fig. 7 shows the relation between an
indicated image and a three-dimensional position and orientation
designating section (a stylus) in the second embodiment. As shown
in Fig. 7, in the second embodirﬁent-, the coordinate system of a
15 virtual three-dimensional space containing a three-dimensional
cursor 'is accorded with the coordinate system of an actual three-
dimensional space. containing the threé-dimension'al position and
orientation designé.ting section. .
_ | As shown in Fig. 7, when an indicated object 45 is req_uired to
20  be selected, the three-dimensional position and orientation section
is rotated from a position 41 to a position 43 and a.lso the three-
dimensional cursor extension line is rotated from a position 42 toa __
. . position 44. The three-dimensional cursor is not indicated but the
. three-dimensional cursor extension line is indicated on the screen
7y 48 of a display section. In Fig. 7, the reference numeral 47 denotes

- the coordinate system of the virtual three-dimensional space where



Is rotated froma position 41 to a position 43 and al so the three- )
di mensi onal cursor extension line is rotated froma positien 42 to a J
position 44.  The three-di nensional cursor is not indicated but the

" three-di nensional cursor extension line is indicated on the screen 25 43

of a display section. In Fig. 7, the reference nuneral 47 denotes the
coordi nate system of the virtual three-difgasi onal space where -17- the
t hree- di nensi onal position and orientation designating section exists. As
shown in Fig. 7, the p03|t|on and orientation-of the three- dinensional

cursor is accorded wi the Ition, and o lentatlo

hr ee- di rens P ATEE:ARensiaNAl posiHian msd eelsntast i leslansling sention
cursor extensi le ine is |nd| cated on the d| splay screen 46 al ong the
direction \/\h%ﬁ? orresponds to. the or| ent ati on of the three-dimensional

Phr ee- di mons 825?%%@%"?}%&6‘ ety anig SPRAGBR GOVEE dife, ™,
posi ¢ on andogreaifdnff cBisot é%%%%‘i‘asecﬁ%ﬂ%€§dﬁﬁ°hpﬁghhéﬁ3ﬁ§%ﬁsﬁh¥??£w
19: g\g/]vr glmagram o?f Ig. -xcekﬁfafi &Eﬁ’at a cgg?é&-li nat e ?grﬁv%ﬁh gaée‘%:??%g%m

i's added. Thgngperdi¢ sea&b&mi lhe/is indicdtbaosn dheraplag seencss

containing a three- | mensi onal cursor 1s accor ded by the“coordi nate

conver si on saiéngthieldindctivri Whiehoeeiresponiis te thel ofentatival of hhée'

di nensi onal spaceé containing the three-dinmensional position and 2
orientation dhseerdiiriergsional iposition and orientation designating section It

should be noted that the three-diménsit_‘:nal- cursor is not indicated

10 on the display screen 46. An indicated object can be easily selected
by directing the -ﬂuée-dirnensiOnal position and erientation
designating section thereto.
- Fig. 8 shows the flow diagram of the function of the second
embodiment which is similar to the flow diagram of Fig. 6 except
15 that a coordinate eon_-verting section 514 is added. The coordinate
system of a virtual three-dimensional space containing a three-
dimensional cursor is accorded by the coordinate conversion
section 514 with the coordinate system of an actual three-
dimensional space containing the three-dimensional position and
20 orientation desighaﬁng section. |

Figs. 9, 10, 11, and 12 relate to a third embodiment of this
invention which is similar to the embodiment of Figs. 1-6 except for
design changes indicated later. Figs. 9, 10, and 11 show examples

25 of indicated images in the third embodiment. As shown in Figs. 9,
- 10, -and 11, a three-dimensional cursor 64 arid a three-dimensional



Figs. 9, 10, 11, and 12 relate to a third enbodi ment of this invention
which is S|n1Iar to the enbodiment of Figs. 1-6 except for design changes
i ndicat ed | ater.. Figs. 9, 10, and 11 show exanpl es., 25 of indicated inages
in the third enbodi ment. As“shown in Figs. 9, 10, “and 11, a

t hr ee- di nensi onal cursor 64 and a three-di nensi onal 18- cursor

ext ensi on cone 65 are indicated in addition-tidebjects 61, 62, and 63. The
vertex of the three-dinensional cursor 64 and the vertex of the

%ﬂ;efhgggegfhgzal cursor extension coRg ?ﬁrare preﬁgnt on a cgnrng POigfoﬁ
Cﬁp:e6gl ﬁ;ﬁsrg\éé{dgg% gé‘iﬁg &‘% W{iﬁ\?éffgﬁlpnag‘a Q%JFS& bof a
Too& tional rel ?bb%g‘ﬁ# tét:ﬁeﬁiyggﬂﬁnnéegﬁ%mgégwéé&Péﬁgﬁ%ﬁ%ﬁéa&d\H‘Fh
Sgglht ?I)nzilher é?at%?r?ilcs usecrhg%e-lﬁl HE‘%E‘Z‘J"%&W"& ecté&gl%%G%%ZESd%

It is now assunpfed é}ﬁg Othifds ¢62, and 63, the three- dinensional
cursor 64, and The t ree- |nenS|on I cursor ext ensi on cone 65 have a

positional Belation Thehtiifeeshanensforalicufsor6d hidl tHé tHree-dRRENSRMAL s

the selection of the object 62. The user rotates the three-di nmensional

position and orecarséce exterisiondoehée 85 a5é tmoved end Totatdth 1h Heordamieswitial
cursor 64 and the three-di nensional cursor extension cone 65 rotate

commensur at el y. nidvemnent arahrotation tdfea thre¢-dimeyisibhal postiteni amdsi onal
position and 2 O orientation designating section until the
t hl%i di nensi onerientation desigmating sections Thecpeositionalhrelatiogpeof dheect 62
own in Fig.
three-dimensional cursor extension cone 65 with each of the

- 10 objects 61, 62, and 63 is calculated, and the calculated positional
relation is used in selecting one of the objects 61, 62, and 63.
It is now assumed that the objects 61, 62, and 63, the three-

. dimensional cursor 64, and the three-dimensional cursor extension
cone 65 have a positional relation such as shown in Fig. 9, and that
~ 15 the user requires the selection of the object 62. The user rotates
the three-dimensional position and orientation designating section,
~-so0.that the three-dimensional cursor 64 and the three-dimensional
~ eursor extension cone 65 rotate commensurately. The user
continues the rotation of the three-dimensional position and
20 ‘orientation designating section until the three-dimensional cursor
extension cone 65 intersects the target dbject 62 as shown in Fig.
. 10. | |
In the case where the three-dimensional cursor extension
' c@ne 65 intersects both the objects 61 and 62 as shown in Fig. 10,
25 the ucer inputs an instruction of reducing the diameter of the three-

dimensional cursor extension cone 65 into the three-dimensional



10. In the case where the three-di mensi onal cursor extension cone 65

I ntersects both the objects 61 and 62 as shown in Fig. 10,- 25 ' the user ;}
_inputs an instruction of reducing the dianmeter of the three- dinensional
cursor extension cone 65 into the three-di nensional i nf ormati on handl i ng
system The dianmeter of the three- dinensional cursor extension cone 65 is
decreased in response to the reducing instfr8etion, so that the

t hr ee- di nensi onal cursor extension cone 65 intersects only the target
object 62 as shown in 5 Fig. 11. Then, the user inputs a selecting

the sel ecti offuskmbAlohhg: Bl o B e ST 0T o or
h n 0

a ?r%ﬁé?ﬁi m°ng Atifensionaf oS n?&%%ﬁ’?ﬁeiﬁ%ﬁﬂﬁs. ocn%ﬁggﬁf%%%%gﬁ# 0" 62
hand

ignexla(r:]gt Zés rl%‘%iﬁgy 0 Jects ﬁ@%%ﬁ%ﬁﬁﬁﬂgﬁmngsg;al
cursor eXtenEk@fhﬁ%E‘Fc@ﬁ f@@iﬁ@eﬁ‘s%b%b?dy J@g%:g@can %% t 62Na8 WHowASEs: Lhe

si mul t aneous ection o a plurality of"ob 15 reallzed by

i ncreasi iy tﬂ%duﬁemmfthkhﬁséﬂ“lﬁ%uﬁh EeSelecting Misthaction!itei the teree-6
Fig. 12 sho he flow di agram of e function of the third enbodi nent
which is sindimeristohab iformatiog lsandlingi systémesoebiat! teé selection of

t hr ee- di nensi onal cursor extension cone processing section 20 914 is
added. The t thedaigetohjectab2cis: executedengifter the selectiors ofnthe ¢argein 914
changes the .dianeter of the three- dinensional cursor extension cone 65 in
accor dance vprjeta: 62disatompleted; the user inputs a moving instruction or a -

transforming instruction into the three-dimensional information

10 handling system so that move_men_t or transformation of the target
object 62 is executed,
A.plur_ality of objects.'which- intersect the three-dimensional
cursor extension cone 65 can be selected simultaneously. In some
| | cases, the simuitanébus selection of a plurality of objects can be
15 realized by increasing the diameter of the three-dimensional eursor
extension cone 65. . .
| Fig. 12 shows the flow diagram of the function of the third
embodiment which is similar to the flow diagram of Fig. 6 except
that a.three_-dime_ns.ional cursor extension cone processing section
20 914 is added. The three-dimensional cursor extension cone
processing section 914 changes the diameter of the three-
.dimensional cursor extension cone 65 in accordance with a .sig'nal
.. outputted from a control section 305. Specifically, the three-
| dimensional cursor ertension cone processing section 914 executes
25 data processing ior Claaging the diameter. of the three-dimensional

cursor extension cone 65 in compliance with user's reducing
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outputted froma control section 305. Specifically, the three- dinensional
cursor extension cone processing section 914 executes 25 data pr.ocssing
forsehangi ng the diameter of the three-di mensional  cursor extensioh cone 65
in conpliance with user's r&ducing -20- instructton or increasing
instruction, and updates the data in a three-di nensional cursor extension
cone managi ng section 308. Figs. 13, 14, 15 ,and 16 relate to a fourth
enbodi ment of this 5 invention which is 'si'n? ar to the enbodi nent of Figs.
1-6 except for design changes indicated later. Figs. 13, 14, and 15 show
exanpl es of indicated images in the fourth enbodiment. As shown in Figs.
13, 14, and 15, insthictien omincreasiig instsactiond and pdatds thesdat®in @ir sor
extension line are indicated in addition to two objects 1 0O conposed of a
cube and a pol ythreetdimensiorsicoursor gxtension corié mahaginyg sectliore 308)nal
cursor is rotated froma position 101 while the three-di nensional cursor
extension line is rotated froma pasition 103 to a position 105. Wen the

t hree- di mensional cursor, extension |Line assunmes.the position 105, the 15
t hr ee- di nensi onal cUfigsr 18t khslBn and d 6 relate e & fourdhcembotimenthof this
case, the three-di nensional _cursor _extension line is cut _at.the front

surface of ?he IBYSBUOR W isssimilag tocthe FGF%Q@M@“F ﬁiﬂES;E'ﬁnex%@t for
region rearward, of the front, syrface . of the, cubg *105. Under_ the conditions
tOF g, 13, nairiendangsh adlcaled dhter' | 1ghole. 34; anst 1o ehows examples
glv\glyg sélg)_ecte ed e Fl O Zﬁg the t rte -diI nsi-gnT cyrsor -i,s rotat froma
position 111 Wﬁ?ﬂigﬁl:@&d{ﬁg@g@ﬁgﬂ %MPW@E{%#& 8ﬁ 5}?9‘3?11 @‘ %gG%rt ed
froma positionglfsl g A%S'd tRPec-timeNiioni 8utdsifind a three-dimensional

cursor extension line are indicated in addition to two objects

10 composed of a cube and a polygonal cone respecﬁvely.

In Fig. 13, the three-dimensional cursor is rotated from a
position 101 while the three-dimensional cursor extension line is
rotated from a position 103 to a position 105. When the three-
dimensional cursor extension line assumes the'posiﬁOh 105, the

15 three-dimensional cursor extension line 1ntéfsé¢ts the cube 102. In
this case, the three-dimensional cursor extension line is cut at the
front surface of the cube 105, and is prevented from being indicated
in the region rearward of the front surface of the cube 105. Under

" the conditions of Fig. 13, when a selecting instruction is ihputted.
20 the cube 102 is always selected. o L
‘In Fig. 14 the three-dimensional cursor is rotated from a
‘position 111 while the three-dimensional cursor eiéteﬁsibh line is
- rotated from a position 112 to a position 113. When the three-
‘disnensional cursor extension line assumes the position 113, the
25 ﬂ"i."ee-dimensibnal cursor extension line intersects the cube 114. In

- this case, the color of the front surface of the cube 114 is changed



di mensi onal cursor extension |line assunes the position 113, the 25

t hree-di nensi onal cursor extension line intersects the cube 114. In this™
case, the color of the front surface of the cube 114 is changed -21- %6
“as to differ fromthe color of the other surfaces of the cube 114. The
col or change represents that the cube 114 is & proposed sel ection object.
In Fig. 15, the three-dinensional cursor 4214rotated while the 5

t hr ee- di nensi onal cursor extension line is rotated froma position 121 to a
position 122 through a position 123. Wen the three- dinensional cursor

t ' i ! NE posjti 121 .the three-dj nensiponpal cuyrs '
ext ensi on |1 @0 ARt -'sﬁPﬁﬁbeb@ﬁe@ﬁﬁw 9@?%@@9% ﬂw@ﬁlfm Yfsi onal
cursor extensi,on line is _conposed 1.0 vz 9zag Ji ne, en_t he
Lhr ee- di mens GH colgk changg Tenresents that dhe 8GB¢ 114 46 a mipppsed | e
th?gg-d: nméﬂi: %} r SQI. _xtens: on |line does not intgr_s:aclt any objects. In
this case, tﬁ%ﬂ'”QQé-aﬁﬁﬁghSional cursor extension line is conposed of a .

trai ght line. Wap & Shana)l f b siles the
15" posi tion 12215 I, 15 Big UEREGEEhofa] M BH ISR IRIMIES, |
th | R ehfort Hif€1s YotRied Btih tHor

e po y@nameeefmﬁ@&sibg@g ;angs%es&nepagoﬁhﬁfé;s %n%gm@hpﬁe

extension line I's conpose air o roken ‘['1 nes.

condi tions ofyggotdiy ﬂbﬁm_%@buguré osHIbANF23) WHeh 4RBOMHReOn the
shape of an object ich intersects Z0 the three-dinensional cursor

extensi on |i iiménsionaf ciligep extensionlitierassdnmls the postbnol22f theee

fourth enbodi ment which is simlar to the flow diagramof Fig. 6 except ..
that a threetrepaiinensional Tursertedtension dire mterseststheauibhe124. In W/

this case, the three-dimensional cursor extension line is composed
10 of a zigzag line. When the three-dimensional cursor extension line
- assumes ﬂie-pq-siﬁon 123, the three~den$iona1_ cursor extension
line does not intersect any objects. In this case, the three-
dimensional cursor extension line is composed of a straight line.
- When ﬂié--ﬂlree-dﬁnensional cursor_ekténsibn line assumes the
16 positiqn 122, the three-dimensional eursor '_e_xt_ension line
intersects the polygonal cone 125. In this case, the three-
dirnensigon_ai cursor extension line is composed of a pair of broken
lines. In this way, the conditions of the ﬂir_”eg-din:lensional cursor
extension l_ine depends on the shape of_ an object which intersects
20 the thre,e—dimensional cursor extension line,

Fig. 16 shows the flow diagram of the function -of the fourth
embodiment which is similar to the flow diagram of Fig. 6 except
that a three-dimensional cursor extension c_ozie. processing section
914 and an object-color processing section 1314--are -added. The

25 three-dimensional cursor extension cone processing section 914

- processes and updates the data in a three-dimensional. cursor



914 and an obj ect-col or processing section 1314 -are added. The 25

t hr ee- di mensi onal cursor extension cone processing section 914 processes
andtipdates the data in a three-dinensional cursor -22- extension cone
managi ng section 308, and thereby changes the condit:i ons of the

t hr ee- di nensi onal cursor extension line in accordance with the data fed
froma sel ected-object storing section 312..4d4fe obj ect-col or processing
section 1314 processes and 5 wupdates the data In a target object managi ng
section 306, and thereby changes the color of a proposed sel ection object
on the basis of the data fed fromthe sel ected-object storing section 312.
A posi ti onal - r éxkension copeswianpging:seotian 808, and theseby changemthet s
which intersect the three-djnensional cursor .extension |ine 0 by )
referring to tcongitions.ef thethnee-ditpensional LAKS0L) emnéﬁ‘%ﬂ& on line

07"l Sl b, 88 B B R SR bnd e
S A | i . i T
25Tl TET A T O e ek TS epen 5.
e s LB B Bl e R iy B ©
processing S aRehT KhaRer TRE Sl of  BroBoROY aiauon dHject Bpehect] ot
proposed sel ecijnle Gl fird ﬁa@&ofﬁagqgﬁ% %tﬁgoétﬂééﬁddg?%&r%ﬁ? section 312.

sel ect ed- obj ect storing sectl ree- nsi onal™ cursor

ex{ensi on cone procegPexitionatirelatidrd proeessnis seton B R fndseut Bhgett orhe
t hr ee- di nensi onal cur sor

objects which intersect the three-dimensional cursor extension line

10 by referring to the data fed from the three-dimensional cursor
extension line managing section 308 and the target object managing
section 306. The positional-relation processing section 311
‘continues to execute the ﬁhding process independent of
instructions from a control section 305. The positional-relation

15 proeessing section 311 stores data of the found object or objects
into the selected-object storing section 312 as data of proposed
selection objects. As described previously, the object-color
procesémg- section 1314 processes-and updates the data in the
target object managing section 306 to determine the color and

20 brightness of the proposed selection objects on the basis of the’ data
from the selected-object stbring section 312. The three-

. dimensienal cursor extension cone processing section 914

- processes and updates the data in the three-dimensional cursor

. extension .cone managing section 308, and thereby changes the
25 conditions of the three-dimensional cursor extension line in

- accordance with the data fed from the selected-object storing



ext ensi on cone managi ng section 308, and thereby changes the 2 5
conditions of the three-di nensional cursor extension line in accordance
with the data fed fromthe sel ected-object storing -23- section 312.

"~ display data generating section 309 generates display inmage data on the
basis of the data generated by the target objeéect nmanagi ng section 306, the
three-dinsion cursor managi ng section 3Q&3and the three- di mensi onal
cursor extension 5 |ine nanagi ng section 308. Wien the user inputs a

sel ecting instruction into the three- dinensional information handling
system the selectln |nstruct|on is fed to the contr%I section 305 via an

i nstruction S§stHoNsS 4 displayflata generating sesHomn 50g.generatese dat a of
a proposed 10 sgl ection ect ,Ln .t S d. olj ect section 312
to be data ofdl %Yﬁpﬁgs‘gy@& thbl?%%F Gijlﬁ’gfsg @OBXrﬁl ate to
a fifth enbodi thsmv nt i S Iar t 0 .t he_enbodi nent of
Figs. 1-6 ex@?ﬂ?"é o SEF ﬂncﬁﬁﬁwgbe ﬂifeSa@@ae?ﬁ{%ﬁ W&O 17, 18, and
19 show exa adi '
synbol s (fi | g%@?%%&%ﬁbggw%& dé‘ﬁa%gge-gyg o] 3&0&1%@%{)& vaI S
along at e rg ten5|on line 141. The arrangenent of the
synbol s Z‘%%bﬁ égg?é Fggﬁéger o easily recogni ze the di stance between
a three- d| nmensi o O skt angﬂﬂs -
t hr ee-di nensi onal %r sor ext ensi on synbsePé&ﬁ%ure 152d:r|i ?‘%%%PF%S& y
nmoved al ong Yifiergsibhal if tiéh Hﬂhﬁﬁﬁgﬂsyé‘te&ﬁ‘etﬁé'ééléé&hgrhﬁﬁ'ﬁcﬂon
t hr ee- di nensi onal cursor A

~is fed to the control section_. 305 via an instruction mput section v/

| 301. The control section 305 decides the data of a proposed
10 selection object in the selected-object storing section 312 to be

data of a finally selected object.

Figs. 17, 18, 19, and 20 relate to a fifth embodiment of this
invention which is similar to the embodiment of Figs. 1-6 except for
15 design changes indicated later. Figs. 17, 18, and 19 show examples
of indicated images in the fifth embodiment.
- In Fig. 17, symbeols {figures) 142 having similar shapes are v
arranged at equal intervals along a three-dimensional cursor
~ extension line 141. The arrangement of the symbols 142 enables
20 the user to easily recognize the distance between a three-
dimensional cursor 143 and an object 144. _
In Fig. 18, a three-dimensional cursor extension symbol
(figure) 152 is continuously moved along a direction 153 which
agrees with the orientation of a three-dimensional cursor 151. In
25 this case, the user can accurately recognizes the positional relation

between the three-dimensional cursor 151 and an object 154.
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25 this case, the user- can accurately recogni'zes the positional relation

- bet ween the three-dinensional cursor 151 and an object 154. - -24- In Fig.
.19, a plane 161 is indicated bel ow an object 162, a three-di mensional
:cursor 163, and a t'hree-dinensional cursor extension line 164. It is
"presuned that light is applied from above, and ihages of the object 162,
the three-di nensional cursci:163, 5 and the tdgee-dinensi onal cursor
extension line 164 are projected onto the plane 161 as shadows 165, 166,
and 167 of the object 162, the three-di nensional cursor 163, and the

t hr ee- di rrrzlnsiongl cu:@o%#éexiéns: ggleiln ligﬁgd:{he suadowsa}lflsgwel% angl 1(1327
are actual ly indicat

Chree di mens: ondhregimeng %aﬂ?é‘fr%e%i@i@%hh%%“ e AP AR Gar SR o

rgl ation betweer;xg%t%#?r e hgg& %o%a cursor ﬁﬁfﬁgﬁgaﬁl i n &ﬁ andPh?e 5.
object 162. Fig &I\/@'HF ' Ve,
Shadow ranag! ng A 1eEes 6t tie tézﬁa%%%ﬁ?eﬂ%ﬁéﬁ%ﬁ%f- ;ﬁ%gs%%n@; EpREak (3"

generates daga ghd RfhePiiee-dihenSii4 Eﬁgél{ B PBU°S are Projected

obJects the three nenS|ona curso ree I MEnsI ona

extension line, f ¢@ef & OBEW

managi ng secti or?ﬁ%8 ?%‘rlee(gdl mensi onavgcﬁbrgor éﬁar?g{gq ggégg?#gn 16%

a three-di mensi gpel tlﬁ‘éresﬁfméﬁhﬁﬂ’woeufsdie 163 aghd Ghee thi ¥l dsfiensibAat hadow

managi ng section 1715 feeds the generated data of the pl ane 161 to a

di gplay data geweirsbrextensior?lini)964. The shadows 165, 166, and 167 are
actually indicated on the plane 161. The shadows 165, 166, and

10 167 enable the user to easily recognize the positional relation

between the three-dimensional cursor 163 and the object 162, and
also the positional relation between the three-dimensional cursor
_extension line 164 and the object 162. -
Fig. 20 shows the flow diagram of the function of the fifth
15 embodiment which is similar to the flow diagram -o_f Fig. 12 except
that a shadow managing section 1715 is added. The shadow
managing section 1715 generates data of the plane 161, containing
shadows of an object or objects, the three-dimensional cursor, and
| the three-dimensional cursor extension line, on the basis of the data
20 fed from a target object managing section 306, a three-dimensional
cursor managing section 307, and a three-dimensional cursor
extension line managing section 308. The shadow managiﬁg section .
. 1715 feeds the generated data of the plane 161 to a display data
-generating section 309.
.25
Figs. 21, 22, 23, and 24 relate to a sixth embodiment of this
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25 Figs.. 21, 22, 23, and 24 relate to a sixth enbodi ment of this - 25-

i nvention which is simlar to the enbodi nent of Figs. 1-6 except for design
changes indicated later. Figs. 21, 22, and 23 show exanpl es of indicated™
images in the sixth enbodinent. In Fig. 21, a three-di nensional cursor
extension line 181 5 extending froma three-di nensi onal cursor 183
intersects a sel ected object 182. As a th@d-di nensional position and
orientation designating section is noved, the selected object 182 noves
together with the three-dinensional cursor extension line 181 and the

cur sor et orieRORaSHHBicH 15 sy to the) dmbolumitht B EIER 16 [RESRLE

2 rovi ng 1 nePPRIER BRondE 't&‘é%@é’dm?eiﬁiéfs?i%o%lﬁf‘gg%?h%?%?%@é“plut
h d . ~ _ -1 ' '

E:uﬁggr Hgg“fgf’%@gg ionﬁ%ong %e ?ﬁﬁee- mensi or‘ialt (r_:ﬁ(rasorSéxtlaginzanIn?ne

181. This nmovenengy (#1 sgltﬁg.& tf‘éi&n&?%\i o?r&ktéﬁgid’ﬁ tg)peratl ng
a

t he three-di nmension p05|t| on and orientati on eS| gnhat 1 ng section. In Fi g.
23, as_agt hr ggtedy fioia! a thréSidiaikhsiohbl RrséP 183 Thters¥tik gur sor

ext ensi on I|ne 201 are noved, a sel ected object 203 1s cut along a line 202
whi ch cor r espetedted Objere T8, @s hhéhreetdimentionmlipssteron gl sel ect ed

obj ect 203 and the three- dinmensional cursor extension |ine 201. Fig. 24
shows the fl orietitatiomrdesigriatingsection ¢ rhoveed; the selected object 182
- moves together with the three-dimensional cursor extension line u
181 and the three-dimensional cursor 183. |

10 In Fig. 22, a three-dimensional cursor extension line 181

extending from a three-dimensional cursor 183 intersects a
selected object 182. When an input device is operated to input a
moving instruction, the selected object 182 moves together with
the three-dimensional cursor extension line 181 and the three-

18 dimensional cursor 183 in a direction along the three-dimensional
cursor extension line 181. This moﬁex;nent of the selectéd object
182 is enabled without operating the three-dimensional position
and orientation designating section. |

In Fig. 23, as a three-dimensional cursor and a three-

20 dimensional cursor extension line 201 are moved, a selected object
203 is cut along a line 202 which corresponds to movement of the
intersection between the selected object 203 and the three;
dimensional cursor extension line 201.

Fig. 24 shows the flow diagram of the function of the sixth

25 embodiment which is similar to the flow diégram of Fig. 6 except
that an object-shape processing section 313a and an.object-



2 5 enbodi ment which is sinmlar to the flow diagramof Fig. 6 except that
an obj ect -shape processing section 313a and ‘an obj ect - - 26- novenent
protessi ng section 313b process data of a selected object on the basis of
. data fed froma three-di nensional cursor nmanagi ng section 307 and a

t hr ee- di nensi onal cursor extension |ine managi ng section 308. 5 In
the case where a noving instruction is inputt€d-via an instruction input
section 301, each tine a three-di mensional positionszand orientation

desi gnating section 302 is noved, a three- dinmensional position and

orientation _g}?aﬁ%&%eﬁfCéj:}o‘lr%ﬁg%ﬁéﬁﬁﬁndgggb?brbé‘é‘ssoaﬁi&i &”a.féﬁﬁcted object

orientation ree- Sl on and orlrentatio

dosignati ng sechin‘theBasie of duth YelCfroth Wit almeHERAal Bl thaafidiny)

307 and the three- mensi onal cursor extension |1 ne nmanagi ng sect

whil e data procgasiif 807 SRY' &thrBe-difiaesidna®Nirdor extehsfin diset he

t hree- di nensional cursor extension line is executed. Specifically, with 1
5 respect to dghanffint setA6Hc808P) ect which is stored in a selected--
obj ect storing section 312, the object-novenent processing section 313b
cal cul ates & new posiliithie cas¢ whae achedinmgjinstruetionhis imputied vishandat a
in a target object managi ng section 306 and the three- dinensional cursor
managi ng sect i oin§action inpustsectidre 304, ceach tire a tthreerdjmensional
managi ng section 306. Then, a display data generating section 309 updates
di spl ay i mage dpositignandpri¢entation desighating: section 302 dsjmovedaathres-
section 306, the three- dinensional cursor managi ng section 307, and_the

thiee- di mensi odimensional positienandiorentation rgeasuringseeion 304 feeds
data of the position and orientation of the three-dimensional

10 position and orientation designating section 302 to the three-
~dimensional curser managing section 307 and the three-
dimensional cursor extension line managing-section 308 while data
- processing for moving the three-dimensional cursor and the three-
. dimensional cursor extension line is execﬁted. Specifically, with
15 respect to data of a selected object which is stored in a selected-
object storing section 312, the object-movement processing section
313b calculates a new position- of the selected object on the basis of
the data in a target object managing section 306 and the three-
dimensional cursor managing section 307, and updates the data in
20 the target object managing section 306. Then, a display data o
generating section 309 updates display image data by using the data
fed from the target object managing section 306, the three; |
dimensional cursor managing section 307, and the three- -
. dimensional cursor extension-line managing section 308.
25 - In the case where a transforming instruction is inputted via
the instruction input section 301, each time the. three-dimensional



25 In the case where a transformng instruction is inputted via the

I nstruction input section 301, each tinme the three-dinensional -27- 4
position and orientation designating section 302 is noved, the D
t hr ee-di nensi onal position and orientation measuring section 304 feeds data
of the position and orientation of the three-dinensional position and '
orientation designating section 302 to th&Z+free- 5 dinensional cursor
managi ng section 307 and the three- dinensional cursor extension line

managi ng section 308 while data processing for noving the three-di nensional

cursor and t - di ' | LExt enst an 44, .S exgcyted.

Si mul taneousﬁé%&%ﬂ%?ﬁ%%#&i%%@é&e@%g é(% Z%t‘ﬁaﬁéghﬁjg stored
in the sel echieds,_ 15T =Tey Lng. Seclikan 312 hi ect-Sk ,
processi ng s{élgéleoé@f?%?%@%c ?%@%@%%%2%#&?53 an 'tﬁga.}%gle?ﬁ)élpe of
t he sel ect edeBCAk +0¢ ' farid oriidtich bEth aﬂa%%te ol _ARhee! mgi_ng
section 306d%ér¢?sfﬁgt€h%rfg%?d?§§in&§?rgﬁgf&]?ursotr%ﬁg%% E’gg{“%n | nea%gggling .
section 308’R3§§16W(B’3@3)ﬂéﬁ A @ddgi%l;@ﬂ-h Frgﬁﬁ&{um t6othéRR#gLNg section
306. Then, the display data generating seclion 309 updates the display

i mage daBa bgireheoridlecdrésr heahaghip sbetibn BB il able thwwsi ng secti on
306, the three-dinensional cursor nanaging section 307, and the

t hr ee- di mrensdirehsionslocursér extersionnineanag g sectivn 308 wiil€idata 25
and 26 relate to a seventh enbodi nent of this invention which is simlar to
t he enbodi neproecéssingsforimpwing ciite three-diwiemsiohah gursondindithe tlaree-.

Fig. 25 shows an exanple of an indicated inage in the seventh enbodi nent.
In Fig. 25, dindepsienal cursor extension line is executed. Simultaneously, with o/

AN

respect to data of a selected object which is stored in the selected-
10 object storing section 312, the object—shape-'pft)cessing section
‘ 313a executes data processing for changing the shape of the
selected object on the basis of the data in the target object
~ managing section 306 and the three-dimensional cursor extension
. line managing section 308, and updates the data in the target object
15 managing sectioh 306. Then, the display data generating section
309 updates the display image data by using the data fed from the
target object managing section 306, the three-dimensional cursor
managing section 307, and the t-h-x-'ee¥dimensiona1 cursor extension
line managing section 308.
20 |
Figs. 25 and 26 relate to a seventh embodiment of this
invention which is similar to the embodiment of Figs. 1-6 except for....
design changes indicated later. Fig. 25 shows an example of an
indicated image in the seventh embodiment. ‘In Fig. 25, a display
2.5 screen 221 is divided into a normal area and a window area 222.

Objects including a cube 223, a three-dimensional cursor 224, and a
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2 5 screen 221 is divided into a normal area and a wi ndow area 222.

Obj ects including a cube 223, a three-di nensional cursor 224, and a - 28-
t hree- di nensi onal cursor extension line are indicated in the normal area of
the di splay screen 221. The object 223 which intersects the

t hr ee- di nensi onal cursor extension line is also indicated in the w ndow
~area 222 of the display screen 221. Specifie@8y, an image 5 of the object
223 which is taken as viewed.fromthe three- di menslonal cursor 224 is

indi cated in the wi ndow area 222 of the di spl ay screen 221. The wi ndow area

st uction i TS AugenBiaiaf pBre0s 35leo iles °bhéf%t¥% fécnoomalf
{he functi on of 2 %%?Q&ézh#@ﬁﬁd%&%ﬁ?zaﬁc OB 243 Seplatl #ea%ee%ifasm
h
mage data gencrEanuaReelia, iy ﬁ%ﬁr?%éﬂ%l&ﬁ?i% %ﬁ%ﬁe@ﬂﬂ theor s
Fhr ee- o monsi 82@%&%&%&?@,%3“%2‘% play afa P SoetBig, oo mage
section 306§ Th@fﬁé%}gga@m%}ﬁ&hﬂp %qﬁ;ﬁttﬁ@tﬁg lon 2314

represents an i mage of "a target object Wmch ISt n as viewed fromthe
t hr ee- di nensi ondimensictial dvifsoi0224somdiehted Infidie (WiAdowh area2E2 Gt the
generating section 2314 to a display section 310 so that the inage data
~w Il be indi catdisplaytsereens22hy TFhee twinido¥ Grea 222 is designed so as to show
i a proposed selection object. When a selecting instruction is

inputted, the dbject 223 indicated in the window area 222 of the

10 display sereen 221 is selected.

_ Fig. 26 shows the flow diagram of the function of the seventh
embodiment which is similar to the flow diagram of Fig. 6 except
that an image data generating section 2314 is added. The image

| data generating séction 2314 generates data dn thé basis of cursor
15 position and orientation data and target object data- fed from a
three-dimensional cursor managing section 307 and a target object
managing section 306. The data generated by the image data
generating section 2314 represents an image of a target object
Which is taken as viewed from the three-dimensional cursor. The
20 image data is fed from the image data generating section 2314 to a
display section 310 so that the image data will be indicated bn'the
 display section 310. | |



-.29 - CLAIMS 1. A t hree-di-mensi onal information handl i ng sys

conprising: a display device for indicating a virtuT"uln I [pensi onal
space on a two-dinmensional screen; a position and o Wﬁmﬁtmﬂlﬁ@atl n'@j‘i
devi ce for designating information of a three-di nensi‘onal o tisonsdnd a

t hree-di nensional orientation; a position and orientation measuring device
for 10 neasuring the three-di nensi oraR9pesition and orientation

i nformati on which is designated by the position and orientation designating

devi ce; a processing device for cal cEIAEMSy t hr ee-di nensi onal di spl ay

i nformati on on the basi $+.J.08 ,éﬁq_' b o0al 4 '*Hﬁﬂ:. 0. :
orientation inf t(:)"r'mat i ?n-%rlrlgaesehiaé(#%{/ l'gﬂpom 1'on %%O@}‘ oril eéijf%gﬁgﬁ%%uri ng
‘devi ce, aseumprisings ol ling the display device and the position and

o b0 o B P A el SRR LB gl
noverei® dfimensipnal ispace conra divetdimensionahiscpeenyi ce; neans for
from the cursor 8 PosikAdHt i S iedtion uedlofting abyltd resr ot "0
cursor andesdignptiing infexngion ioha thiee+dimensibonal pesitipnaadd
a three-dimensional orientation; . _ |
a position and_orientation measuring device for
10 = measuring the three-dimensional position and orientation _
infozmationfwhich_is_designated by the position and ’;Q
orientation designating device;
a processing device for calculating three-dimensional
display informatien on the basis of the three-dimensional
15 position-and.orientation information measured by the
position and orientation measuring device, and for
controlling the display device and the position and
efientation measuring device; '
means for indicating a cursor on the screen of the
20 display device;. .
. means for moving the cursor in accordance with
movement of the position and orientation designating o
" device; ' ' o’
means for indicating a figure on the screen of the
25 display, the figure extending from the cursor in a
direction independent of a velocity vector of the cursor
and being in a fixed'positional relation with the cursor;
and | |
means for moving the figure in accordance with .
30 mevement of the cursor.
2. A three-dimensional information handling system
comprising:
a three-dimensional origin designating section:
a position and orientation designating section for



e e .- T S ONONOTALE S0l 01 L bl b RN OV B0 01 50 000 P A b A o e 0 b 1 2
L]

heans for noving the figure in accordance with 30 novenent of the cursor:
2. . A three-dinensional information handling systenlconpr

t hree- di nensi onal origin de5| gnating section: a posjition m&mm}mﬁ I!an
desi gnating section for 30 - designating thregidi mensi

according to a positional relatlon with the three-dinensional origin
desi gnating section; a position and ori-ergeatd on measuring section for
readi ng the three-dinensional information which is designated by the
posi tion an(ﬂesig:mialang)rthiesé@mengienali infozmatishr accor@ing o eCtion

out put i gndPy AT EE14RIoR it Ene thPR-inaRgREAL ST E R ot 1o
signal in reﬁmstgnatingrnactdﬁu: signal of the instruction input section; a
Vit Cual Chr ee- o nahargiy Lo A e {GPESL It (86858108, BOREABR fofngi ng |
data of & thresmtifigretise ctluree+dimensdonsl incormatibn whichalist hr ee-
e o0 R PR Fobbh ForaR gk 8PS Bk 3hobi

managi ng sesectidmwy

an instruction input section for inputting an
instruction; .

10 ' a control séction for analyzing an output signal of
L the instruction input section, and generating a control
signal in response to the output signal of the instruction
input section: ,
a target object managing section for managing data of
15 a target object in a virtual three-dimensional space;

a cursor managing section for managing data of a
three-dimensional cursor which moves in the virtual three-
dimensional space in accordance with movement of the
position and orientation designating section;

20 a cursor extension figure managing section for
managing data of a three-dimensional figure extending from
the cursor in a direction independent of a velocity vector

) of the cursor and being in a fixed positional relation with
the cursor, the cursor extension figure moving in

25 accordance with movement 6f the cursor:; ' _

a positional relation processing section for
calculating a relation between the cursor extension figure
and each of objects on the basis of the data managed by the
cursor extension figure managing section and the target .

30 object managing section‘ih response to the control signal
generatéd by the control section, and



managi ng data of a three-dinensional figure extending fromthe cursor in a
direction independent of a velocity vector of the cursor and being in a TT
fixed positional relation with the cursor, the cursorlMEmnﬂmuﬁimﬁ
noving in 25 accordance with novenent of the cursor tion
processing section for calculating a relation between the clrsér &xt®nsion
figure and each of objects on the basis of§fhe data nanaged by the cursor
extension figure managi ng section and the target- 30 obj ect nanagi ng section
in response to the control signal generated by the control section, and
111111 11212,12131 111111 * -31-. for_se]ecting one
of the obj eclor s¢festing ongof %’l? I@t{lﬁ%tscg? @tﬂcgf @F@I%ﬁoﬂ!ﬂ cﬂ%‘d%@fled
- object storin af_llectlon for storing dat a of ‘the object selected by the
positional r% °proceSS|ng section; 5 : an obj ect processing

Section {or BroeaSAdelalf LI, Baphll AR 6 B MAGE pERBeroBfect"™

222??52956%@%?*%%&@? A8 Votiboril fIRtRH pROGIBInERARIE Y, S T o
and 10 g CREPUBlect ProcSBRIE SeRfloR°Mor PRodeBonil TRy Pt dat 2

on the baS|s of t sor nanagl sect € cursor

extension figisat BHjast on HEE Padls omxet d&td ﬂaqﬁe S€letféd BHjest BtoriAg! | On-
section and the target object managing section in response to the

control signal generated by the control section, and for updating the o
data in the target obj‘éct managing section; and
10 a display data generating section for generaﬁng output data on
_ the basis of the data _-in_th_e cursor managing section, the cursor
extension figure managing section, and the target obj_éct managing

section.

15 3. The three-dimensional information handling system of claim 1
wherein the figure extends ina direction_ which agrees with an
orientation of the position and orientation designatiri-'g device.

4. The three-dim'ensional information handling system of claim

20 2, further comprising a coordinate converting section for according
a coordinate system of mea_s'urement of the position and oﬁeniation
designating section with a c_o'ofdinate system of the virtual three-
dimensional space, and for according an orlentation of the eursor
with an orientation of the position and orientation deSigxlé.ﬁng

25 section.
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15 3. The three-dinensional information handling system of claim1l
wherein the figure extends in a direction which agrees With an orientation

of khe position and orientation designating device. 4. t

t hr ee- di nensi onal information handl i ng systemof claim 20“‘“"“‘“‘““}3‘“"“““
conprising a coordi nate converting section for dccording a*coordi nd#tes *
system of neasurenment of the position and oc@éu ation designating section
with a coordinate system of «.t-he virtual three- dinepnsional space, and for
according an orientation of the cursor with an orientation of the position
and orientation_desigpating 2.5 section. -32- 5 The :

t hr ee- di mensi ongd: | n%ﬁrﬂﬂ?-ﬁg%d%ﬁﬁﬂ nalsinfoemation handling system, of ilaim
conprising neang for transformng the figure in accordance with a
transformng i nit PEcBir of urgherg comprigd ng peansyfop AERRATAFDIRG Shaediggne in

handl i ng system of claim2 4. furd her. Lisi,ng._a cursor extension
figure processi?lﬁc%réiﬁlf%“f‘l&r‘ %W&W&%&m%‘?ﬂm ension figure on the
basis of a signal outputted fromthe control section. 10 7. The

t hree-di nensi onal information handling systemof claiml or 3, further

conpri sin ang foras.Lansfor Ji 1 mAtde it & :
selrrgct i ongo | e2§" des%%gﬂ?ﬁgiria égiﬁbg%élt%‘anc Aﬁ%&#@@%%ﬁ%%ﬁﬁg“
section. 15 can i Ty . eexd] [ 1T ' | d e
claim7 B8 chUchpl SBupl{EAE € Wroqs CRRALA PQARL frBle iRk HRectin
obj ect. 9. Tior Eﬁmgﬂ:ﬂ% | @rdor @ftehSion figuiensh ithe basiscof afsighal m

1, 3, 7 or 8, further conprising means for changing a color of at least 2 0
pa(t, of a propeagsutiedefiomnt@control section. S

10 7. The three-dimensional information handling system of claim
1 or 3, further comprising means for transforming the figure on the
basis of a proposed selection object designated by the position and

orientation designating section.

15 8. The three-dimensional information handling system of claim

T, " wherein the figure is cut by the proposed seléci:ion object.

9. ‘The three-dimensional information handling system of claim 1,
3, T or 8, 'furt:her comprising means for changing a color of at least

20 part of - a proposed selection object.

- 10, The three-dimensional information handling system of claim
2 of 4, further comprising a cursor exﬁension- figure proceséing section
for processing the cursor extension figure on the basis of the data in
25 the selected object storing section and the cursor extension figure

_ managing section.



10. The three-dimensional information handling systemet—claim?2 or 4
further conprising a cursor extension figure pro m’m!ﬂ section for

processi ng the cursor extension figure on the ba m’gmmg n 25

the sel ected object storing section and the curs
managi ng section. * C L M S * - 33- 11. The three- |rren5|onal
i nformati on handling system-of claim1,3;38-7, 8 or 9, wherein the figure
conpri ses segments representing distances fromthe cursor. 5 12. The

t hree-di nensi onal information handling systemof claimil,3, 5, 7 8 9 or

11, wherein }} 3 dlLrec orre s to an
orientation i)f tﬂgtﬁg(?% &%gﬁ#ﬁgﬁf}ﬁ?@% %) ﬁ’s?‘&ﬁ’gim#é’? ling .
system of Clﬁ 1, 830r59, "wnEredn lieo?iéarefQ%E%%&s%%”Er' |hd gTBANS
for indicati™g & pfané on thé screen of the display déevice, means for
provi di ng shagpwesht9RECaE8tahb8sC¥PeR" thandur@erf.i gure on the pl ane. 14.
The t hree-di nensional information handling systemof claim2, 15 ' 4, 6 or
10, further conprising a shadow rmanagi ng section for processing data
related to a projection plane on the basis of the data in the target object
managi ng5secipon, ThieStHrdeSAmERSRAId dnf6fhiation mam@g $&n 6K ic@ahon -
figure managi ng section. 20 15.° The t hree-di nensi onal rnatlon handl i ng
system of cl®j® 15,37,58,79 8r 91, ﬁﬁeréinomhé3fituwbham mOVRbI1S ) oMRARS
for noving a sel ected object and the figure in accordance with novenent of
the positiondénecbiornwhicbncdesegpandagtoceni omientstion Pfe the cursor.
t hree- di mensi onal information handling systemof claim

13. The three-dimensional information handling system of claim |
10 1, 3, 5, 7, 8, 9, ;1 or 12, furthe: cémprising means for indicating
a plane Qﬁ the screen of the display &evice, and means for providing

. shadows of objeects, the cursor, and the figure on the plane.

14. The three-dimensional information handling system of claim 2,
_1.5 4, 6 Orllo, fﬁrther eomppising a shadoq_mqpaging;section for processing

data related to a projection plane on the basis of the data in the

target object managing set:tiqn, the cursor managing section, and . .~

the cursor extension figure managing section.

20 15. The three-dimensional information handling system of claim
1, 3,5,7, 8, 9, 11, 12 or 13, further comprising.meaqs for moving a
selected.object and the figure in accordance with movement of the

position and orientation designating section.

25 16. The three-dimensional information handling system of claim

1, 3,5, 7, 8, 9, 11, 12, 13 or 15, further comprising means for
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i, 3, 5, 7, 8, 9, 11, 12, 13 or 15, further conprising nmeans for -3 4-
cutting a selected object with the figure. 17. The three-di '
infurmation handling system of claim2, 4, 6, 10 or 147 wherein

t .
of the selected object i's 5 Drocessed by using the data NM\WE‘““\ _
extension figure which is managed by the cursor extensi on\ ) Gl ng
section.. 18. The three-di mensional infornagidon handling systé&m of claim

1, 3, 5 7, 8, 9, 11, 12, 13,+15 or 16, -further conprisi'ng neans for 1 0
indicating a virtual three-dinensional space and an i nmage of the virtual

t hr ee- di nensi onal space which is taken as viewed fromthe cursor on the
screen of the tHt$pnm\p delected atgectruthhthee fdgwRensi onal information

handl i ng systemof claim2, 1 5 4, 6, 10, 14 or 17, further conprising an
i mage data generating section for generating an imge as viewed fromthe

: th N ! it Q hentat i dat db
the cur sor  mankdr ngroeIEs dimensir nioritor baRdlad hysfed,of Hdfie *
target obj ect agé ng.section. 20-20. A threg-di mensional information
handl i ng syst egﬂﬁ?]'or -’ugg o - heReinitherdatenal e seiscted Abdret S a

| | y- ogerat ed abl nmber ; - i ndi_cat j t - di ' I
Cur sor on The FeseRRHE By udiBR G BFES Aii IR CHEFSH PRGBS ARGt I Epotet or

on the managed by the cursor extension figure maﬁaging section.

w 18. The three-dimensional information handling system of claim 1,
3, 5, 7, 8, 9, 11, 12, 13, 15 or 16, further comprising meaﬁs for
10 indicating §\virtua1 three-dimensional space and an image of the
virtual three-dimensional space which is taken as viewed from the

cursor on the screen of the display device.

19. The three-dimensional information handling system of claim 2,
15 4, 6, 10, 14 or 17, further comprising an image data generating section
for generating an imége as viewed from.the cursor on the basis of the
cursor position and orientation data managed _by the cursor
managing section and the target objected data managed by the
target object managing section.
20 '
20. A three-dimensional information handling system for use with
‘a two-dimensional screen, comprising; | '
a manually-operated movable member;
means for indicating a three-dimensional cursor on the
25 screen; - |

- means for indicating a three-dimensional pointer on the
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- 35 - screen, the pointer representlng an orlentat e curso |n a
direction |ndependent of a velocity vector of the c ﬂ@ﬂ&"’m ;;
fixed positional relation with the cursor; the

cursor and the pointer in accordance with nnvenent of the nnvable nenber

. means for indicating three-dinmensional_object |nages on the screen; neans
for detecting one of the object |nage§§Mnch 10 intersects the pointer;

nmeans for selectl t he, obj ect the ter in
e OTadrastL | e e ARLE kebPBHEnEShE b b ERRE IR O WBET 1T Ly e
obj ect iragssor imsaodirettioncinfiependentr oft aovelb&ity vectdk of A

whr oi n S ARERGE [P "ﬁa#e«a#ﬁgdéhﬁﬁé BRE A RerBtareIation Y. cos

means f ortlgera@irédny an |nage of the pointer to have a flxed angul ar

orientation relative_ 0. the ation of tﬁs %ﬁrso n%p _ 22 A
t hr ee-Yi nensi oPF3RHf ?ﬁa’?% a i FBTEOT: BRA.FP8, BRANEST AR 4t o
subst ant iztdorasnser vithehovendascoEbtle inbvabecmembert;o and as
f"“Strated"‘ﬁéﬁhSC npfn&icgtgn&mtﬁgee-é1menszona1 object images
on the screen; ,
means for detecting one of the object images which
10 intersects the pcinter.
means for. selecting the object image which intersects 1)

the pointer in respcnse to a selecting instruction. and
means for controlllng the selected object image in
| response to a ccntrcl instruction.

15 21. A three-dimensional information handling system
according to claim.ZO,_wherein said means for indicating a
three-dimensional'bcinter comprises means for generating an
image of the pcinter to have a fixed angular crientaticn
relative to the’ crientation of the cursor.'

20 22, A three-dimensicnal information handllng system
arranged to operate substantially as hereinbefore descrlbed
with reference to an&eas illustrated in the accompanying
drawings. ' | | |

O

25



