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"SI X DEGREE OF FREEDOM GRAPHI C OBJECT CONTROLLER Field of the Invention The
present invention relates generally to control devices for manipulating the
posi;ki-on of .objects on the di-splay of a conputer system and nore
part™éularly to an inproved control device for manipul ating_such objects in
at least three degrees of freedom Brief Description of Ffr'i"c')r%,&?'t_c’l\ﬁr@s
conputers, when equi pped with sufficient menory and appropriate software,
are capabl e of generating images of three di mensional objects. Displaying
such objects, however, is only of relative-usefulness if the position and-
orientation of the displayed objects cannot. be readily controlled by the

user. Al t hough gixIPEGREE OF FREEDOM SRAFHIC OBIECT CONTROLIERD as a nouse,
trackbal | or -stytosT—attonws—a—tgser—teo—eontrot—srnpre—two—direnstonal

novenents of a three dinensional object. such a device generally does not
all ow the user to control novenment of the object in a third degree of
freedom so as to sinulate trapiidofthéinddnttom di nensi onal novenent, or in

ot her degr eesth gg?omg\?vhaoﬁl lgie%ggifgpal

n
. ; & Lﬁrﬁ ?E%Qt@& ‘Q;eﬁgﬁiiﬁfp EBfn
man | ati ons, C . “and r | al[o t andard control
evi bos EANPUIRINE the pheition of ablesks.aun e display’ of 2 SomUIERSTRRET obj ect
rel ati ve and moré patticalgriyctoodn improvad contselidevice fort manipidatingsuchve been

used i N Gbjédts Thistenist thiceydupréss 6PfreRdsia, or ot her physically input
commands requiring the use of a second hand to control object translation
along a third axis. For exanple, two di rrenfsonal nouse controllers, which

-

control notion relative to BriefDescripfionof Belar Art oy ysed in conbination
W th the up aMamyovomptters, edehr ejuippyd with sulfintéiamentarycamnd r ol
e "sn, [RPRbpRE R, 8 SpANRE I Ol gk or Yok B e
unsat 1 of Bty DUEPIaYLSE sarh Sojecks, Ryetsr. Je sty BLEafRe DFalpess it the ect
because [|positéenandsori¢ntationsof: thegdisplayed objenta eannet bgrrearily controlled
mani pul athyotife user. Although a prior art two-dimensional control device, such as a
mouse, trackball or stylus, allows a user to control simple two dimensional
movements of a three dimensional object, such a device generally does not
allow the user to control movement of the object in a third degree of
freedom, so as to simulate translational three dimensional movement, or in
‘other degrees of freedom, to simulate complex three dimensional
manipulations, such as yaw, pitch and roil.
To allow standard control devices to be used to control the movement
of a three dimensional object relative to a third degree of freedom, standard
control devices have been used in conjunction with keyboard commands or

.- other physically input commands requiring the use of a second hand to _

e control object translation along a third axis. For example, two dimensional
mouse controllers, which control motion relative to a Y and Z axis, are often
used in combination with the up and down arrow control keys on a keyboard
to control translational movement of the object relative to the X-axis. This
technique for manipulating a three dimensional object is generally
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(one to nove the nouse and one.to push the keyboard buttons). Hence, the .
object’s nmotion along the third axis is generally difficult to control and
coordinate, ‘and no provision is made for allow ng the user to separately.~,
control the yaw pItCh or roll of the object. Trackballs and m ce have arvso

been nodi ] f an
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2 ef! ecting the other axes, is difficult. -
Control devices, however, have been created which provide some
degree of independent control over the movement of three dimensional = =
objects in relation to three axes and/or control over the rotation of such
objects (yaw, pitch and roll) relative to those axes. One such device is a
virtual controller, which uses a standard control device in conjunction with
special software to remap the standard two. dlmenslonal motion of the -’
control device to a different type of motion. ' For example, a virtual
controller could be designed to take signals generated by the control device
when making an in and out motion and to remap those signals to cause the
object to change its yaw rotation. ‘One problem with-this type of device is
that the user must set and/or change the desired mapping before taking
and/or changing actions to create the desired effect. Another problem with
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‘this type of device is that the effect of a desired user action may often
be difficult for the user to conceptualize. thereby naking use of the
device both awkward and unfriendly. A second type,Qf prior art controller,
hawhg a joystick or stick-shift type handgrip. I's* shown In Monge. U. S.
Pat. No. 3,350.956. and King, U S. Pat. No. 4,555, 960 These references
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user’s entire arm or arms, precise control of the device, and therefore the
object, may be difficult and in some situations fatiguing.

A third type of device involves the use of a sphere shaped control
mounted on the end of a stick or suspended in the center of a weighted
base. This type of device controls the position and orientation of the object
on the screen by detecting very small changes in the orientation of the ball
along with theé degree of force exerted on the ball by the user. Since a

\ continual force in one direction can be translated as a continual movement,
this type of device resolves the bounding problem of the Joystick device, but
does nothing to eliminate interdependence of the position output signal on
the physical movement of the controller, nor does it remove the likelihood
of user arm fatigue. |




‘the physical novement of the controller. nor does It renove the likelihood
. of user armfatigue. 3 A fourth type of device involves the use of a box
with six or- nore rotating knobs corresponding to each type of novenent to.
be controlled. Although this device resolves problems w th bounding and
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type of device is bounded because it will only operate within the magnetic

field of the source. ‘l‘he positlon output slgnal of such a device is. likea -

" number of the other prior art devices. interdependent on the actual physlcal

position of the sensor. Flnally. because the device emits radlo waves, it -

cannot be operated around large metallic objects. such as desks or ﬁling _

cabinets, or other electronle devices which could be adversely affected by

the transmitted magnetic ﬂeld .

§_u£_rm' of the Inventlon I
preferred embodlment of the controller devlce of the present o
invention is comprlsed of a hand manipulable houslng unit havlng an ; X U
openlng for the passage of a mouse ball, two motlon detectors for detecting :
the movement of the mouse ball and converting that motion to output
signals controlling the translational movement of an ob_[ect on the display of
a computer, a finger operated conveyor belt or roller for controlling the
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invention is conprised of a hand nani pul abl e housing unit having an opening
for the passage of a nouse ball, two notion detectors for detecting the
novenent of the nouse ball and convertlng t hat not,i ogn to output signals
contretling the translationa gnnvenent of an objed n the display of a

comput er, r erat ed_ci or belt or roll or. controlling the 4
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partlallygﬁggganttﬁgdga‘gg yview of the controller device of Fig. 1: Fig. 3
Is partially-broken side el evational view of the controller device of Figs.

1qpd 2; and Fig. 4 is a persectlve view of an alternative enbodi nent of
t he control l er device of thExeidlleserigtiono wing | ed Descri ptlon of

Preferred Enbodigebtis a perspective view of a preferred embodirnent of the
controller device of the present invention;

Fig. 2 is a partially-broken top plan view of the controller device of Fig.

1;
Fig. 3 is partially-broken side elevational view of the controller device
of Figs. 1 and 2; and

Fig. 4 is a perspective view of an alternative embodiment of the
controller device of the present invention.

Detailed Description of Preferred Embodiment
Referring now to Figs. 1, 2 and 3, there s fllustrated a hand

controller, shown generally as 10, in accordance with the preferred
embodiment of the present invention. The controller 10, having a main
housing 12, operates to control the position and orientation of a ‘computer
generated image or object (not shown) on the display of the computer. The
image is manipulated (moved or modified) by the controller 10 with respect
to two orthogonal translational axes in a manner which is similar to the
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Referring nowto Figs. 1. 2 and 3, there is illustrated a hand controller,
shown generally as 10. in accordance with the preferred enmbodi nent of the
present invention. The controller 10. having a main housing 12. operates~to
control the position and orientation of a corrput er generated inage or s
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housing 12 and ball 14 and 1s used by the computer to control the simulated

position of the object with respect to a Z-axis of the display. Detectors 26
could also be electromagnetic devlces or any of a number of other types of
motion detectors. :

So as to not unnecessarily obscure the present lnventton. some
inconsequential electrical components and wirlng such as wires 28, are
only partially lllustrated Also to be noted ‘when constructing a controller
10 in accordance with the present invention, it will generally be necessary
to reduce the number of wires traveling from the controller 10 to the o
computer through the wlring harness 30 by tlme-multiplexing the ~
quadrature signals from each set of detectors and the data signals from the -
other electrical components withln the controller for transmission to the
computer over a single data line. Hence. ‘the only wlres passing through the
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notion detectors. So as to not unne_c ssar | .._f._-;_obscure the present |nvention,
sone | nconsequential electrical con'ponent s'and wiring, such as wires28., -
are only partially illustrated. Also to be noted, when constructing a
contholler 10 in accordance with the present invention, it will generally
be necessary to reduce the nunber of wires traveling. fromthe control | er 10
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user to and a selection switch 54. The selection mechanism 50 allows the user to

. perform particular actions through use of the controller, such as selectlng
and dragging objects across the display screen of the computer, in a manner
which is well understood by persons of ordinary skill in the art.

A conveyor mechanism 60 is utilized to control the “ up” and “down”

translations of the object with respect to a third translational axis, the Y-
axis. Conveyor 60, which is housed within a tower 62 abutting the top of
housing 12, is comprised of a conveyor belt 64 wrapped around a top shaft
66 and a bottom shaft 68. Conveyor belt 64 has a number of finger holes 74
formed within its broad side surfaces through which the user can insert a
finger and thereby move the belt either “up” or “down”. The surface of the
belt 64 could also be knurled, or otherwise roughened, so that the user's
finger can readily engage the belt 64 without his finger slipping across its
surface. Moving the conveyor belt 64 rotates both shafts 66 and 68, thereby
driving the conveyor encoder 70. The rotational motion of the conveyor
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..performparticular actions through use of the controller, such as selecting
.-and draggi ng objects across the display screen of the conputer, in a manner

"““which is well understood by persons of ordinary ‘ski Il in the art. A —
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trans| astaxdardandase ebﬁhmiidr.lmmas. the thizd uiegree gf\&leedomr\eoumdbet 0
ggﬁggfzﬁ‘?"bgg" ql thé mu’?at edé bP'Eh@Tuos%PS H (ﬁﬁ t spéct h'?o'.a |
Y-axi s ?h 5'3@8 A?‘ 13eF K |€é$"ﬁ€m B’h?'é qquﬂ?f’ ll?'d’ﬁ& Xi S |
encodersa@ﬁtbﬁamt’ﬁmsb@gmmam apd! d be effective for
gont rolling nsmmlbern@edmmﬁeqmyemmmhbmamcdfm @inttdiRe (10 hreel db
egr ees r 518%6 S0y AReY r & 5 Wou e.
co%t r ol e"lrsnﬁt ' - ;'=nn_eP &"‘F %“%i%cftgrgg h 6 Se corﬂ%q er Wher eas y
t he thi F'EFR?@ %@aﬁ‘l‘qrp. _"éP"l?é‘e?JHP? Ve %S}'rlslﬁ apditpdeat) 8t i ons of
t he useths simngited enotiore oﬁﬂmopjnct b&lor examplectfebuset estiesgtot m@vese t o

Si {nﬁl t apIg@ bbject 2o mede&.ehé,,_ fnip) mesgclaee@&:ltrsﬁertmta&ﬁél aitaarusltat I onf .
W a Uy 0L stryuction o

t he con?r'ol ‘ér %mkeﬁ%u%%sm BPP Eb §I rec &;%S*'ﬁ%&c?rg? u‘ N¥otion of -
t he confli'%I D Hence, the user can easl ly eoneept ualize the simulated effect .

that each type of physical motion by the user with respect to the controller
10 or one of its assoclated control meehanisms will have on the position of -
the object on the display. In addition, the physical construction of the
controller 10 resolves problems regarding physleal bounding and
interdependence between . the actual position of the controller 10 and the
simulated position of the object on the display. _

In additlon to the three dimensional control of the posltion of the
object made possible by the present invention, additional degrees of -
freedom can likewise be controlled thereby enhaneing the user's ability to S
control both the object’s position and orientation on the display As. -\
illustrated in Figs. 1,2 and 3, a pitch thumbwheel 80 mounted on supports
82, is positioned within the controlier 10 near the tower 62 so as to extend
above the top surface of the housing 12 where the thumbwheel 80 can be



‘respect to each of the trlnslatlonal axes (up/domn left/right, and in/out)
to the sinmulated notion of the object “For éxanple if a user desires to
nove the object to the left, he, sinply noves the controller 10 to the

| ef {\wrand i f" the user deS|res to nove the object up he sinply noves his
finger touching the belt 64 up. Hence, the user can easily conceptualize

the si mil shgsitehlaptpulaied byiie sOMBR Wer Higesa) Amwarui%aﬁaauaﬁr Wi th

Wil have K °S%é tooifn o by Wb nd Bacind e

B S e B

physi cal €onuerted to srquadraturesignabfarqutput te the emputen| Byranedngthe ng
physi cal kRufiliwlgeel 80, ltheaistenﬁndm endénthe mdrilpulaté the piebi 6f tie of the

*control| eyl Hldliagil st GRS %&{éﬁx‘lﬂi@cﬁ‘ Uhabfie sl koY 17
e pos theaatly engaee, fad Ham gy m%a&imcsﬁaﬁfaé'stg{riﬁgvmeepﬁﬁée f can

| i kew se ﬂ\cmghtb.lel.egtoowdaoekymeledanm ng the user's ability to control
both the obj ecﬁét{éﬂﬁlchhqmeiﬂgeﬁi Rité ¢he &eralsphie'obﬁetb gl ustrated

:ogs::it ?znengﬁf'g 3%@8%%#% g'ﬁ@ ower 6 gl%%gs&[“%iééﬁé%d above

the top s@bjestdogotatecwith respectite %Y@#mr i mespectiyely: o Maying the
readily n@&mpﬂimhb&hleel aemrofmd lits supsport B7ngmises rétatidrhof thee enesderat i on

ggﬁeceire{ Zd %Jat ure SM&@ %%@@géﬁaﬁééxﬁﬁéﬁ& ?m\gjldfngn?he
t hunb\/\heell%%c @ﬁg sensecthe \q‘r‘?&? 'E;: oflgF,Ting g?e"r{anoﬁmb‘f%ﬁ'ytﬁ & he

obj ect by quadsatuyeisignal ﬂoﬁmmﬂsshnr*@swombutﬂﬁe TheamiotionTef ¥alabl e t he
uger to e&ﬁuhm»ﬂmgaﬂs absurid) wssMjRokts592 1 Mikewtsy ocrisedUsy detectdrside wheel

the yaw ot *\"ﬁ% @j“ﬁ falie St e i  ouliie L‘?ﬁﬁﬁéﬂ%gﬁfe o[ e
Lhurbuheel 8. i cprsfirable & Riysiealy ppelupnicachoans of the Hrymbpberis; 3 & he
Y-axis or tﬁaane:swh&lpenhaneeg/me\@ssm@udmbgmenhﬂm)pmealaﬁouonmfothet s
Support  8'contbl MedtiirdénOin® thé kfe@ 6I06ifch action on the simulated motion of
. the object. For example, yaw thumbwheel 86 rotates in a direction which
corresponds to the simulated rotation of the object about the Y-axis, thereby
accurately reflecting the type of motion that will be simulated (yaw) in the
object when the thumbwheel is manipulated. | N
Although the user’s conceptualization of the effect of certain physical
movements may be enhanced by the previously described physical
construction of the controller 10 and its control mechanisms, such as
conveyor 60 and thumbwheels 80, 86 and 88, that physical construction is
only preferable and is not a specific requirement of the present invention..
\_J Other constructions, such as that of the alternative embodiment depicted in _
Fig. 4, could likewise be utilized in’ accordance with the present invention,
thereby providing three degrees of rotational freedom in addition to the
three degrees of translational freedom already provided.
The alternative embodiment of the controller 100 depicted in Fig. 4

9



ring 88 in a manner simlar to the other encoders of the controller 10.
Detectors 90 sense the notion of the encoder ring 88 and convert it to a
quadrature signal for transm ssion to the conputer. The notion of roll .=

t hunbwheel 88 around its supports 92 is |ikew se sensed by det ect ors 94 ”!fnd

converted to a guadrature ut he co ter

pr ef er aBithopgh ;iﬂ?'?f "6%???$$ﬁeéﬁﬁﬂy olﬁé’iﬁt‘cﬂl a/nlﬂe'ihé’ %ﬁ“’é manner
whi ch emmmasmm@lkrclgth@nwmt amuaemalbﬂﬁsmme translational t he control |
mee hatn' éigé&mi‘s.t hmeaﬁ@:éné&dewqre 8Ad1 18 (rot shvwn)] Ehdogtide Totatshd)f ht he

obj ec or a § c
coJrresp ‘:;Eé [@e aﬂg'lwa@a ﬁﬁft‘?ﬂ oi:gg_éfgbjhé\é@gjbs l?gﬁzo gm S.
therebyW&féb si-mul at ed
(yaw) i deteet thbjteanslaﬂenak pesltlhnrdfvtheeiontmllearwim Iresxutt tal theoKgand he user's

concept 'ﬂsmster bh@u@ﬁfteeﬁnﬂgé ax-é Yell mhwnmlmawenhsu{&y be

enhance evi SCI. Si G, Sty oR, of

cont rol FktF Ei:‘ ical empp g&" %Rxa %'&co%g- : ﬁ&gv

t humbwhtasver 62, with aandlexswz tas shown ia Fig. cﬁnglrrmqrwng@srﬁa,mpmr abl e

-and is ppostronfig ﬁia@npﬂwohsrofrmec&bjédte Cortsolér 100 asalsvreq@lpped
construg& tg{ tlbg 1NN amhl sl %‘E{o&jﬁﬁ gged I'n Fig.
, coul #PEEWI se ‘ﬁ ik accoraance v¥| ﬁ ‘he present .lnvention,

t her eby apeepmadat é'@‘?teé%le?ﬂmﬁf’ PRY, 9%, tor provids. Jeft oE ight- 51\ 1 o t he

three dhanded w:fers wﬂﬁs laatdnyenient m@ﬂmaﬂﬂtﬁdﬂyltpﬁmlddm noted thater nat i ve

enmbodi Wﬁlﬁmﬁ L SQBHGH kRitches 162tk leibddimknts afie d%picted'dsmeiﬁﬂ

Dy A modl e e PR bherpléy, PRSI S

manner

encoder §nY miﬁemrvgl theceentrall ?@W&Sﬁ?qﬁbﬁs 9??0%?) top,phthe,eatrpllerat i onal
encoder hroushig 12/ henr theOpitch Hetunbstheeb80. ol | er 10 coul d al so be equi pped

Wi th opti cal yegliehMwhed "FOE st thubBivhedt1 PO GrRNFAl thambiviad 18, (o

&qgéﬁgﬂq?eegk% ansla;?rrgnal : ‘-J

and 7 a2 BEERTABES Sﬁbsﬁgﬁ*a%f Reribgnatt 62 BhE Rhlpibuhédis rﬁgﬁf’?f'i" Another

above with respect to controller 10. Unlike the thumbwheels 86 and
controller 10, however, the physlcal construction of the thumbwheels 108
and 112 do not necessarlly enhance the users association between the :
physical movement of the thumbwheel and the simulated eﬂ'ect on the
object. Nonetheless, like the other thumbwheels each thumbwheel still
allows the user to control rotatlon of the objeet wlth respect to each of the
translational axes, and the motion simulated by each thumbwheel is still
independent of the motlon of the ot.her axes. _

In addition, all of the above controllers, or other types of eontrollers .
constructed in a manner consistent with the above descﬂptlons. are still
unbounded devices because each of the degrees of freedom may be
ratcheted by the user. For example, to repeatedly move the object “down” _
with respect to the Y-axis, the user slmply strokes down on the belt 64 a
number of times, thereby causing an encoder to rotate in the appropriate

10
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‘alternative physical enbodl ment is to repl ace the conveyor belt 64 and
tower 62 with a roller 102. as shewn in Fig. 4. for performing the sane
type of controlling manipul ati ons of the obj ect. Controller 100 Is'also
equisgped with an extra selection button 104. in addition to selection
button 52, to accommpdate two different selection actions or to provide
left or rdtpetion and generate s t to dhe @m@&pr&ﬁr@meﬁmdp to shoul d
be not ed theahowerhentsqdf ﬂicebeiélﬁdctRoﬂesm.cbaB 1404 Akl I anye otk ment s are -

depi ct ed tAanvAceIS ot ® dikedrisd tedi. t he confrol l'er. these switches
coul d be noun at ositiaon O h ntroll er such as on the
top of the coﬁmaﬁ%oﬁ tgﬁ"ﬂ@é‘?“?ﬁ@ mﬁﬁﬁﬂgf"f \?P

t hunbwhedigs.08-3 mﬂmmphama pueferred em dimﬂﬂirﬂmhag {Mﬂbi’espntttr ol l er
100 sim Itardxyartefﬁmbbmmmuhmbmeeé sxnaeﬁabweﬁaammgmédﬂaf@sr)ect to

controll @ L 10. however,

t he phyS| caiiﬁf:(mégs%ruc |on o W?ﬁk W%?ﬁ %@o not necessarl ly '
enhance tiR¥eRden ptemply ARs gpay he

t hurrbv\heahadadotthe presnﬂtaltwdnﬂﬁﬁehyt om\of bedlnhneskﬂl Xotlee artl, after havmgt he
ot her t hyghhie! shovedddscriptithhathout dbpartingOfidni Bife BpRIt i &

rotation f the ect. Wi h ect to each of the translatlona axes and
the noti @?‘h& b%ls'él& Tf[? wheel is still independent of the mot i on
of the ot her axes. In addition. all of the above controllers, or other
types of controllers constructed in a manner consistent with the above
descriptions, are still unbounded devices because each of the degrees of
freedom nay be ratcheted by the user. For exanple, to repeatedly nove the
obj ect "down" with respect to the Y-axis, the user sinply strokes down on
the belt 64 a nunber of tines. thereby causing an encoder to rotate in the
appropriate 10 direction and generate an output signal to the conputer
corresponding to the novenents .of the 64. Roller 102, ball 14. and any
of the thunbwheels coul d |ikew se be ratchet ed.
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Al t hough the present invention has been described*'w t*h ref efence’t o Fi gs.
1-3 with enphasis on a preferred enbodiment and Fig. 4 with respect to an
alternati ve-enbodi nent It shoul d be understood that the figures are for -
illustration only and should not be taken as limtations upon the Wi
I nvention. It |Is contenplated that nmany changes——a-ndm may be

made to the present Invention by one of ordinar m\ ‘after
havi ng read the above description, wthout depaﬂ‘ﬂ“&;‘“‘ “‘“ \mi rit and
scope of the Invention as disclosed above visce*f or

providing signals indicative of an obj ect s | ocat i on. on a d| spl ay system

conprising: a housing operative to bwl at ed- by a user; a first
transl ati on position indicating nean d to' said-housing for producing

a first signal indicative of the position: of - sai d object. . on : said display

systemwith y espect AOgaviteskok’ %ﬁ%ﬁtd |s fgn#ls aiﬁ&féﬂéﬁréaﬁ'ﬁ @ on
position indicating mfans ffixed't

; ousl gg‘ for 315(} i ng a second -
si gnal i ndi @RI]RE %f PRRtH0R| PRof F PH S¥FL GAMPEASA T spl ay system
with respect.to a seaondusingsoperativei $o bedmantipuldtedats af msupoa ti on

ndi cati ng nmeans aff] S f rt ti
Ib| d: rec!t [ gnal contr. + gkéosqzergkg&g%%g o&;ﬁ%?g i nlgersé%&'gg e%g'gf into-
a third sigraffixedcdo veadd tHousiow t fon (ﬁrm@iMJ ectfimstaisianialpl ay
Syt em N LREREEE 10 ot Nl | Rl @ler e el U] I
g. a ou _

controller bern | Xxed to sald SIng-in suc t hat sail d user
can operate ‘%hﬁﬂl%YdlsMﬁﬁ%nHFtBorﬁ'?%P?%F é’(ﬂJaPI )f%s'%\eftraﬂ%?@fﬂ@

axis;

a second translation position indicating means
affixed to seid housing for producihg a second signal
indicative of the p051t10n of said object on said
display system with respect to a second translation
axis; and

a third translation position indicating means
affixed to said housing for converting the motion of a
bidirectional controller operated by one or more fingers
of said user into a third signal indicative of the
position of said object on said dis_play system with
respect to a third translational axis;

said bidirectional controller being affixed to
said housing in such a manner that said user can operate
said bidirectional controller egually as well when said
device is stationary as when said device is being moved
across a surface by said user. '

whereby movement of said device over a surface
results in first and second translation positions being-
defined on said display system, and whereby movement of
said bidirectional controller results in a third
translation position being defined on said display
systen.

2. The device as recited in claim 1, wherein said

12



device is stationary as when said device is being:jmved acrqss a.surface by
sai d user. whereby novenent of said device over a surface results®in®first
and second translation positions being defined on said display system and
whergby novenent of said bidirectional controller_results in a third
transl ati on position being defined on said display system 2. he
device as recited in claiml, wherein said . 11\:”"1"”’""”3“ 11 -
bidirectional controller conprises: a belt ha _ '"H”Lrative
to be bidirectionally noved by said finger of said Gsek; fand neans for .
detecting the bidirectional novenent of said belt and converting the
detect ed novenent of said belt to said third signal. 3. The device as
recited in claim2, wherein said belt has two broad side surfaces having a
plurality of biddyectiipreilz ebritodeds eérorcoeprtilserszi n t hr ough which one of said

fingers can be inserted. yhi¢ hJ@ﬁ? evi gEafs reghteg.g s QeC! aigy 2, yherein
said belt has,a rough outer surface TOr engaging ohe oﬁ said fingers. . C
L M s bidirgctiopad lyewmaveddy saidedingen afmsaidynsern andd third
\tqua”S! atl 0_”3' axi s Cﬁffera‘?tt%ﬁof@f Hlﬁtaéc‘ﬂhb'bqlﬁ%e ?b&&i@ép&ibﬂa}?‘ %\iﬁ@edrﬁt{‘d
e el EALS, by Phnd " Soterting tht*Weddrid “nbbnent of °°

said belt to said third signal.

© 3. The device as recited in claim 2, wherein said

belt has two broad side surfaces having a plurality of
fingertip sized holes formed therein through'which one
of said fingers can be inserted.

4. The device as recited in claim 2, wherein said
belt has a rough outer surface for engaging one of said
fingers. '

i3



sai'd tower having an aperture tRArough whi ch one of said fingers can be

inserted to engage said belt. sai ) ically aligned within
said tower-to substantially correﬂlﬂ“"llﬂ“lﬂﬂllﬂﬂ | ayed al i gnment of sai@
vertical axis, whereby vertical novenentts &f 8aitl belt directly correspo‘r‘fd
to changes I'n the position of said object on said display with respect to

said vertical axis. 6. : The_.device as reC| ed | im2, and further - -
conpr i 8i ng The devee GPl’@ﬁ’ctﬁ'ﬂl’BrFl‘i“HH%c rhﬁ%#;ﬂﬁf‘f T@ onal; K8 5 s ng f.or
conver¢oreesgpionelsnint a vertical axis ontsald dlsps!a!.l andiwhegein said housinger at ed by one
of Sa'tﬂ%rih&gﬁ:]{cﬁxdéaabb%li towér RSB Trenl §ld Yo tdver ¥t Bhising sahtitstm. f
orientati,on-of ,said, objec 0 one 0

sai d f?‘?’gtto &ﬁ‘{t“% ?H"?HP%Q t}géﬁggl ongﬁ%gggﬂa%gég#ce ‘as recited
in cl ainsested/docengagessaid belt. said,belt/heing physicallyialignsd ddes: a wheel
havi ngtd%“ﬁ) é\ﬂ@étﬁhﬂhﬂy@rt&pbndltoatm dlspldy;dmlmhént afrmaidfvesucal fingers

of sal d S 800 JAPAG o ?rﬂﬁﬁfécéf&&dtﬁﬁt*ah@cﬂg;fb gogerent. of sai d
S‘P.ei'maﬁméé’é‘ve the posftion %@ébﬁfﬁm%&lﬁe{f vspmf%ﬂhﬂ. h e d

wheel Va-t;dayamsally aligned in relation to said housing so as to rotate in
a manner correspondl ng to the direction of rotation about sai d first '

transl gtio h teapt vvheel V|sually
correspond %g]ﬁ%?{éﬁ o@?‘e‘ﬁt%t#’gﬁ?b@al cAecg on | ai d displ ay
With regpaéaﬂqrb hz@paﬂns means gifixed hoysing for "‘Gfﬂ}! S9. The
devi ce nistidre of adfirst bidirectiortil manipidaton @petated by oneg of saist Bngensr i ent at i on

i ndi Cai%eaga riﬁepanaﬁfd fghaf fdlcAWSbNthd BfieABINGY 6f Slididiged®énon of a

-
Secondsaid tlsplay SyetentR W%i‘%m BB B LRt et 35 BT obf oot o

translational axis.

7. The device as reclted in claim 6. wherein said first bidirectlona.l _
manipulator includes:

a wheel having means operative to be bidirectionally moved by one of
said fingers of said user; and

means for detecting the bldirectional movement of said wheel and
converting the detected movement of said wheel to said first orientation

signal.

8. The device as recited in claim 7, wherein said wheel is physically
_aligned in relation to sald housing so as to rotate in a manner corresponding
" to the direction of rotation about said first translational axis, whereby the
rotational movement of said wheel visually correspond to changes in the
orientation of said object on said display with respect to said first
translational axis. '

T



‘sai d display.systemw th respect to one of s or third
transl ational axis. 10. The device as reci teﬁ'lmtml]ﬁ'mmgﬂmgrel n sal d
first bidirectional manipulator includes: a f4 wheel §iavd n

operative to be bidirectiorally noved by one of said fi ngers of sal d user;
and neans for detecting the bidirectional novenent of said first wheel and

converti9ag tThe devicet asi reaiteshbm claddn G.aaddﬂ"urﬂler\mmdsingaasebdnd st .

OF i ené abm&b t&ﬂ&mhmlcaan g Heanle uibRdo® $A4ai Hfsing fér @drvetfin ng Wher ei n sai d
secon i di,.rec |ona i ncl udes: a _se Jreans .
operati \"éd? Pﬁxf’@ﬁﬁ’@a‘m&@‘ﬂ EOJ &?%(’f‘gﬁ’ éragd d. user;
and neadato ersem@@mmgaﬁm signal rledtca@mpf m@#sntat!ﬁn gésaldselelsntjonhea and
convert isagl alspldpbweenﬂvmvwmu o ongiof sakt @rnst, wBeand op thdd second
orient atd—zﬂfhl?%&i% st2. The device as recited in claiml 1. wherein said
first whee ysically -aligned in relation to said housing so as to
rotate in a manner corresponding to the direction of rotation about said
first trldnsl Zheaexicesasisecitediimiclain 9, whiedeinesald dirsh bidirectigrialsi cal | y

al i gned mhaniptlatot PRcli@es:2i d housing so as to rotate in a manner
correspondi o, t ect | O ecaond ansl ati onal
axi s. wher eb‘g %f X@ﬁ%ﬂ&?"f?é,‘gﬁeﬁ% é)pgfaﬁvgl @’ ﬁé)f’gtilrﬁé’g'ﬁﬁ\vn@ﬁ‘éﬁi &ycor respond
to chanQ&‘PrﬁﬂM@ﬂﬁpﬁﬁf%@ddﬁeﬁ?%l d object on said display with respect
to said fi rsmeramrm-aletmmig ¢ bidinebtioniahirhovementoofesatdt frstfwheald second

wheel vi gCHROGeteLATR0ARENL OF Ghf AfdAPhedl B'edlll b d obi ect on
said dis ‘?‘éﬁﬁ-‘?‘é&‘g"ﬁipem to sald second translational axis. 13. The

devi ce tlaim9. and further conprising a third orientation
igdi cating means affixed to said housing for converting the

11. The device as recifed in claim 10, wherein said second bidirectional
manipulator includes:

a second wheel having means operative to be bidirectionally moved by
one of said fingers of said user; and .

means for detecting the bidirectional movement of said second wheel
and converting the detected movement of said second wheel to sald second
orientation signal.

12. ‘The device as recited in claim 11, wherein said first wheel is
physically aligned in relation to said housing so as to rotate in a manner
corresponding to the direction of rotation about said first translatlonal axis,
and wherein said second wheel is physically aligned in relation to said
housing so as to rotate in a manner corresponding to the direction of o
(U rotation about said second translational axis, whereby rotational movements'_
of said first wheel visually correspond to changes in the orientation of said
object on said display with respect to said first translational axis and _
rotational movements of said second wheel visually correspond to changes in
the orientation of said object on said display with respect to sald second

s,



noti on of

third transl ati onal aX| s 14. The devi ct aS rteciM

a third bidirectional manipul ator operated by one of said fingers
into a third orientation signal indica mﬂ u tation of said
obj ect on said display systemwith resH ’m ‘ E”@"ﬂﬂl d first. second (z‘rl;r

I®m claim213, wherein

said fi rsﬁ?m% Eﬁj mani pul ator includes: a first wheel having neans
dlrectlonally moved by one of said flngers of - sai d user:

operative
and nmeans

for detecting the bidirectional novenent of said first wheel-

converti n§3t h&heedevice @snrecitediin ¢inim ), and funthen semprising adthird st

ori ent at i gResitaion lndkéatli{ enéling smxaa tb%ald tdusin

oporat i veiohERL oA

f&léan%ruﬂglchel n said

and

Efippal ?‘? SRR | oor,
. d

and neansitgra thir emqiéaﬁaga ?i‘éé{eqayﬂéo? 9%@3?“@2%@8%&%eglse;nd

conver't i ngatidhdispityesystenmnwithneespectf tosenel of saidnfirsth eetondos thitdsecond :

orientati

operative

and neanslftor The devicaps mec

The device as recited In claim15, wherein said
third bidirectional manipul ator i ncludes:  a third wheel having neans -
to be bi dlrectloni éi noved by one of said fingers of said user;

n glaimohd; whereinsaid first bidiregtional \heel

converti nﬁu{r{i ubltbenidddesvenent of sai d third wheel to said third

t at d
LT T e o S Sl 5 1,

ok #all Bpgere At sala
rotate | noge/ai® g¢ L and he (i rection of rotation about said
first transl atineans famdeteczttn;g the bidirectiond] seovementhefcsald finshwdiesd| |y

aligned i %nﬁ%a’iﬂe?ﬁné%&%éie&@&&hﬂﬁetﬁ&lﬁﬁf 58’ msatxehéél o Sa st
corr espondrﬁgta&)ﬁ ?,an%r ect.i on of

15. The device as recited in claim 14, wherein sald second bidirectional
manipulator includes: :

a second wheel having means operative to be bidlrecﬂonally moved by
one of said fingers of sald user; and

. means for detecting the bidirect.lonal movement of said second wheel' |

and converting the detected movement of said second wheel to said second
orientation s_lgnal _

16. The device as recited in claim 15, wherein said third bidirectional
manipulator includes:
a third wheel having means operative to be bidirectionally moved by
one of said fingers of said user; and _
means for detecting the bldirectional movement of said thlrd wheel
and convertlng the detected movement of said third wheel to said third
orientation slgnal

o
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and



" rot atlon about said second transl atlonal and \/\herel n said third wheel
is physically aligned in relation to sai Njﬁl&ﬂ” 'm} o rotate I'n a
manper corr.esponding to the direction of mal dthird

traksl ati onal- axis, wher eby fotational rmoverments &f &ai 8 first wheel

visual l'y correspond to changes in the orientation of said object on said

di spl ay \l/?t h Thes gevice tas eecitedfinrelaimr swherein gaid frst whieek tsby r ot at i onal

m)yen?nt &gx}:ﬁﬁc@nmmaeh wnmhbusﬁgé@a@wdomeﬁhmaaﬁnw the L
oL ent ol b aX| nd t*%*své%‘e%'@a‘?‘d’i %ﬁ@%?"%?@#@ﬁ?@%ﬁ%‘% e
vi sual | yandrwhegeln, gaid, @9&\49@@ eghinyrelation tospidt on said

di spl ay houbingespasttotrotateiin & maxmerrmsésabndmg tothe diréBtiod lof devi ce as
recited sa‘l@%@i‘dr{a &%h@laid aSHsd' ﬁﬁatvbﬁlé}@in 580 B Pl Bkel S

EQ??LSSLW%?@&M& Crifon fo BBl hpaRmig R 45 mta?qm’w#%m ational.

axi s, anecomgspendingtpthedirentioni of m&lon rahontmﬂcbmaddransiam axs| y

?I l ?Reddwmeraiyam@uohal ARVEMnLS | bﬂGaﬁDﬁﬁét whHedlOXSudlly dorrespsid €0 I GSpgndl ng
o] e an

wher ei n bﬁgﬁéﬁ EQ‘%BE%@Q‘W man pul(ﬁfggiaj dis ﬁ%ﬁz@lﬁgﬁ%@;&néém

rel ation he

directi omsmfallymtespnndttomhangesl in lthe d)rlemﬂubntoif said ohjectson\daai eby
movenent gidiiay With i-ésr bt 8 %B%Ecbﬁ&%m&‘ﬁ&h@ﬂéﬁéﬂé Xh& H‘ﬂ{ér B{r& ARfhid to

ggfiggéalsrln th 8r| n@ﬂikﬁ%! L&B‘gct on s §'§$‘i§y‘§e respect to

d wheel
W sual | yocisntzttypbnﬂsa@ @bjaﬂg@s SPN display with- ERSPGﬁt tg said; thirdhj ect on sai d

di spl ay wadslatiomateaikist 0 sali ‘d second translational axis, and whereby
novenments of said third bidirectional manipul ator vi sual |y correspond to

oy d g i B find edlie B Faya inColaup L pneresh el Bt bifiectomalie, o as
recited manipylatonis Dh.‘!ﬁ*@ally ﬂ&@dﬁ@d@fé@n &» shid-beusing|soras to move in
: a manner corresponding to the direction of rotation about said first
translational axis, and wherein said second bidirectional manipulator is
physically aligned in relation to said housing so as to move in a manner
corresponding to the direction of rotation about said second translational
axis, and wherein said third bidirectional manipulator is physically aligned |
in relation to said housing so as to move in a mahner corresponding the
direction of rotation about said third translational axis, whereby movements
of said first bidirectional manipulator visually correspond to changes in the
orientation of said object on said display with respect to said first

\J translational axis, whereby movements of said second wheel visually
correspond to changes in the orientation of said object on said display with
respect to said second translational axis, and whereby movements of said
third bidirectional manipulator visually correspond to changes in the
orientation of said object on said display with respect to said third

7.



I ncludes: a roller haV|ng means operatlve to be bidirectionally noved by
one of said fingers of said user; and nean M ‘he bi di rectlonal
movenent of 'said roller and convertlng t he ey t of 'said roll

to said third signal. 20. The device as recited in claiml..and further
conpri si ; hélﬁxi rientation indicating neans affixed to said housing
for convtg%liélﬁgat rr%t lon.of -a first bidirectional manipul ator operated by
one of said fingers into a first orientatioen. signal: indicative of the -

ori ent atl®n Ghesdevico ascrecited inacldini lspivhgreyssaammdn'hcumﬂeedmﬂrollme of
sai d firngluddsond or third translational axis. 21. The device as recited

“having %ﬁﬂs %%iiegt'ﬁﬁf# e E#e#?@*'% B8 parleoBBhY) B oG, 2 uree

of sai d spid fingery ofgaldsuses; and: ect i ng the bidirectional novenent of  said
wheel and conmearis far détecdagehbdﬂdmummtnmﬁemnddﬁm rblesand first

ori ent at (f?]%e YN} gl\g@erel n said
wheel is pﬁy3|cg€i+1 a gne Inre atafg%ﬁf%&l%gl %ﬂm nggs as'to rotate In

a manner corresponding.to the direction of rotation about said first
transl at2®.nal'l‘!m<d@ricwmermbl}edm claimili end furtheneomposingadissheel visual |y

cor r es pagieritatiohom@isatinl ifvans dfMréd tod eaidhot l&bJ&ﬁ%ﬁih ﬁx&l di spl ay

with re h as recited
in clai rr'?'%ﬁ’ &f@%%ﬂgﬁ%g&%ﬁ’@aﬁﬁ ‘Q‘Q&ch%cfgorl té’tE on |§ ng neans
af fi xed 8o Safitstiprientation signal ftbe orientation gf SG‘WJMQSE a second
bi di r ect satdadisplayi qystexnowitb;respe&dotgnmoésalﬂ &at.dséuongemsﬂhmdo a second

ori ent at y9RsmtigRal axigdi cati ve of the orientation of said object on said -
di splay systemw th respect.to-one of said first, second or third:- N

21. The device as recited in claim 20, wherein said first bidirectional
manipulator includes: :
a wheel having means operative to be bldtrecttonally moved by one of
said fingers of said user; and
means for detecting the bidirectional movement of said wheel and
converting the detected movement of said wheel to said ﬁrst orientation

signal.

22. The device as recited in claim 21, wherein sald wheel ls physleally
aligned in relation to said housing so as to rotate in a manner corresponding
to the direction of rotation about said ﬁrst translatlona] axis, whereby the
rotational movement of said wheel visually corre_spond to ehanges.l_n the
orientation of said object on said display with respect to said first - o :
translational axis. =~ - - e

23. The device as recited in claim 20, and further eompr_ismg a secet;d
orientation indicating means affixed to said housing for converting the

=3



«transl ational axis. 24. The device as - wherein said

first bidirectional manipulator includes; f i leghavi Ng neans '
operative to be bidirectionally noved bm“mlmﬂﬁmll mM" ers of said user;
andigeans for detecting the hidirectional~novemens 0s sald first wheel and

converting the detected novenent of said first wheel to said first

ori ent at. i rio%lrﬂ 1 ﬁ,ﬁ.ﬁ ' | i 3 I pn said
second bllhﬁﬁ?éc(?ir%é% m‘ﬁ%cgt%é?fl- C 5@%@} s%%ﬁyﬁ%%ﬁg{g e?rseans
operativ‘@t‘f&WB_cﬂqeé'EﬂﬂBﬁeﬁ‘g‘}alﬁﬁa&?% q!ﬁ%eme;ﬁmomi galdobject ang user .
and nearsaid alisplay systemy witle respect dotanenefl satd \first rsecond swi thirskcond . wheel and
conver t i gpgndthBondtaadd €d movenent of said second wheel to said second

orientation signal. 26. The device as recited in claim25, wherein said
first wheel |Is physically aligned in relation to said housing so as to

rotate i3-a Faerdeviesassegiied ilnrlaim 23 whereln sajid Grst/bidirectonalbout sai d
- first trmanipilatordhcludes: and wherein said second wheel is physically

aligned In rel @ i M? : R Q1 '
correspondi n‘a ?{é’*m‘;’gl Fectﬁ on 0 qa)gt?gtf‘?e(s)tné gg(ygt?ﬂé%lda sgcl(;ﬁﬁg&fpgnsl ational
axis, w@}*’eﬂeﬂ}l dingegsaf s h8dot said first wheel visually correspond
to changes | medns fori detecting the biduectiwizl guovementpfisaidsfirstywheelh respect
to sai d did tonbérting @id asatedirfoveiiént Of shid Nest WheeN® sadofrstai d second

wheel vi pond to changes in the orientation of said object on
said di s%#%ﬂaw&oﬁﬁgl#‘gébect to said second translational axis. 27. The

device as recited In claim23, and further conprising a third orientation
i ndi cat i 28, mThesdeiée asdrecited dncclhinu 24, wherelic saldesécdong biddreetiphah of a

third bi ghhgsiheRahciiidespul ator operated by one of said fingers into a
thTrd orTentsl L Bnd' had navthg Sdars Sferbilife 8 b bidtrbSfodlny® Blobed By=ct "
one of said fingers of said user; and _
means for detecting the bidirectional movement of said second wheel
and converting the detected movement of sald second wheel to said second
orientation signal. .

26. The device as recited in claim 25, wherein said first wheel is
physically aligned in relation to said housing so as to rotate in a manner
corresponding to the direction of rotation about said first translational axis,
and wherein said second wheel is physically aligned in relation to said
housing so as to rotate in a manner corresponding to the direction of
rotation about said second translational axis, whereby rotational movements
of said first wheel visually correspond to changes in the orientation of said
\/ object on said display with respect to said first translational axis and '
rotational movements of sald second wheel visually correspond to changes in
the orientation of said object on said display with respect to said second -
translational axis. =~ . - -

1.



-
" sai d di splay systemw th respect to ‘\cht second or third
transl ational axis. 28. The deV| ﬁg&“‘“mm‘ | ai m 27, wherein said
first bidirectional manipul ator ® f3rst wheel havi ng means 3
operative to be bidi rec’tionally rmved by one of sal d fingers of said user-,

and nea fo dejectin t f t wheel - and
converti cfi‘t"g %’ngg Ciag& gg‘l ghfi 'ﬁi’flgmgaéj"?rst -
ori ent ammtaﬂgldndi@ynmaﬂé\ﬁ%da@ paid %‘65198 F&PM“&/\HP{ ein saird .
second bheuéﬂorlapﬂokd directictiad maniphilates operateddryions of salh fingersteans
operati ye, g bilkhEfiid Eﬁbbl’nﬁ%&ﬁ’v ﬁi@oﬂ@nﬁﬁiﬂx bf BRI sbyebt @i d user ;
and mea\r/@? r ec eégv% dir ctlon(gs dsal 0 .St cond wheel - and
convertl £ second

orient attramslaﬁgnllamso The device as recited in claim 29 wherein said
third b|d|rect|onal mani pul at or |ncludes a third wheel having nmeans

operativ Lrecti HRM? m@_r sai d user:
and nea ﬂ’&‘?@gﬁg eﬁgg% lé iTec |or'1 novenea'ﬁfhg?ébal c?lﬁlﬂ%h wheel and
convertlmgn! tostiaeludesiovenent of said third wheel to said third
orientation S!ﬂﬂ;tlwhéel ha‘ng dmanseopm'atim:tobe bidirertionalip movedrist n sai d
first wheel ot gnun rel ation to said housing so as to

otate 1M ﬁ?ﬁ%ﬁ%ﬁg@ﬁ%ﬁ@ﬂﬁ t5 o Aieflen o i st SR 0V 2201
al i gned amd reehzerting the detectedb movement ofssald first heel r#%%ﬁﬁe'r

cor r espogdbitation sigAalli recti on of rot ation about sai d second transl ational
axis. and wherein said third wheel.

29. The device as recited in claim 28, wherein said second bidirectlonal ~
manipulator includes:

a second wheel having means operative to be bidirectlonally moved by
one of said fingers of said user; and '

means for detecting the bidirectional movement of said second wheel
and converting the detected movement of said second wheel to said second

orientation signal.

30. The device as recited in claim 29, wherein said thlrd bldlrectional
manipulator includes:
a third wheel having means operative to be bidlrecﬁonally moved by
one of said fingers of said user; and '
means for detecting the bidirectional movement of sald t.hlrd wheel
* and converting the detected movement of said third wheel to said thlrd .
orientation signal.

31. The device as recited in claim 30, wherein satd first v'vhe'el"_ is
physically aligned in relation to said housing so as to rotate in a manner

20,



“physically aligned In relation to said housing so as to rotate In a manner
corr'espondingtothe direction of rotati lﬂ t “ rd transl ati onal
axi S vvhereby rotati onal novenents of semllm ﬂu"mu I” Fsually correspond
to Gb(anges in the orientation of said obj%ct’-oh shid® di"splay with respect
to said fi rst transl ati onal “axi s. whereby rotational novenents of said

second Ve g b the diReHoh bfirotatien apbut %akmrsQ r&&iﬁlﬁﬁéﬂl Qassa' d

meregﬁyo‘% i i 58%@&%%{1 *@%ﬁ%&‘%é?‘hdﬁnﬁ%m i B 60 oo
changes hwalng serascta rotate in @ mgnnescorrespeRding to ﬁ!es@mgﬂqn oh respect to
sai d t hirotlation abbat sanbseconidstraiisiatibnal dris, aadashereni said third> wivesl {3,

rorat Qﬂﬁaﬂmﬁ%’mﬁ Il FABNGE B oHRT bBtaeHig o o m“f‘?‘es% ®to the
directi ofPrE?S! gﬂ‘ﬁ%&ﬁfe‘@&f‘o&ﬁ%ﬁmf P&’H?Péﬁp‘ﬁm g d8ci n said

second bwhierebytfotationalamiopesents of sajdhfiesitowhea] mugkreebrrespoeldato on to said

?ggz L Ingn Sfarifesiifi tHVGriéritallofitol kiild é&sdipgﬁiﬂfk!lsﬁﬁ tvieh SF*?, 4 et it safd
bi di rectqggir%éﬁﬁgﬂ@e% Wi"’g@ ?&%ﬁf’g a%"%m&ﬁeﬁcwjoy\hﬁgﬁegﬂnac}vdgﬁqd housi ng
so as t ovisuely carrgspend de chan, on pEsaidpblest omysald on about

sai d thi ﬂﬂpldyawahatespeed toasald seobﬂd etbanslaum%as.ainds wihdréby fdtational

bi di rect ?% wié‘pa@g@oqpmnhowc s hrhﬁ:he orientation
of sa d o ect on a to s transl ati onal
axis, ! I LY¢ &s"&{&\gﬁe “"?Pgaaﬁq wgihfré'spond tl) changes

in the otraaﬁlaﬁpnahalds said object on said display with respect to said
sgoond translational axis, and whereby movenments of said thi Td

loji‘dis;?gtl%@; i - 3“‘*3:;3i AR, SieiLd, SRe Rt RO Pl 0 O O
axXl s

B IR 49 G HOUSRE 80280 BEVE b
t hr ee- di amanmtatorpequndmgctb thn ditgatton o xotption iabgut saidefitstr nal housi ng;
translational axis, and wherein said second bidirectional manipulator is
physically aligned in relation to said housing so as to move in a manner
corresponding to the direction of rotation about said second translational
axis, and wherein said third bidirectional manipulator is physically aligned
in relation to said housing so as to move in a manner corresponding the
direction of rotation about said third translational axis, whereby movements
of said first bidirectional manipulator visually correspond to changes in the
orfentation of said object on said display with respect to said first
translational axis, whereby movements of said second wheel visually
correspond to changes in the orientation of said object on said display with
W respect to said second translational axis, and whereby movements of said
third bidirectional manipulator visually correspond to changes in the
orientation of said object on said display with respect to said third
translational axis.
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see ® ¢

a *first translation position indicating means rmunted wi tRi n sald ﬁou5| ng

for producing a first signal

position of

sai d object- al ong “M‘M“g athird translation - -
position indicating neans m)unm ‘“ using for converting the
notion of a bidirectional contswoklet Pntd "a third ~signal indicative.

I ndicative of a first position of said object

along a first axis; a second translation positi i ndi cati ng neans nount
within said housing for pr a second signal indicative of a sec

So

of a third position of said object along a third axis; whereby novenent
of said apparatus over =~ a surface results in said first and second

positions ofyzsai d ohigedrNaidIree’ igeatbratiihg'N8ig Halgv»i%{ma@ivéa ¢

bi di recti onal controllef results_in sai.d thirtd. 03|t|on of said iject

bei ng defi nddre Fhree-dimepsional Positisn)iof gqm%andFeﬂPH‘ﬁlBg-an

object's | ocation oram ékwm slyajﬁngpbst antially as hereinbefore
described with referen

¢ .
generating signals i%h %‘;’fﬁ ns r?B gﬂ\%?ﬂafg%g%meiﬁg\}gﬁ&#o alrugtsggt i an ng

subst anti al In;otaﬂ:éﬂanmtﬁmi csaaldidmshwl fiox rpr@dm.’mgeatﬁmstosﬁgnynng

dr awi ngs.

indicative of a first pos:.tz.on of saJ.d object along a -
first axis; '

mounted within said housing - for - producing a second
signal indicative of a second posit‘ion of said object
along a second axis; and _

a third translatlon positlon 1nd1cat1ng means

.mounted w1th1n sa:.d hous1ng for convertlng the mot:Lon of

a b1d1rect10na1 controller . :mto _a"'_ th:.rd signal
indicative of a thlrd position of sa1d object along a
third ax1s, : o .
whereby movement of _said epparatus ‘over a
surface results in said first and second '-'-posit'ions' of
said object being defined, and whereby movement of said
bidirectional controller results in said third position
of said object being defined. |

34. A dev:.ce for prov:.d:mg s1gna1s 1nd1cative of an

object's locatlon on a dlsplay systen substantlally as

hereinbefore described with reference to. accompanying
drawings. '

35. Apparatus for generating signals in response to |

external relative movement or positioning substantially
as hereinbefore described with reference to accompanying
drawings. '

Q3 .

a second translatlon pos1tlon 1nd1cat1ng means', 2



