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(57) Abstract

Aeontrol device, for example a computer mouse, has image~recording means which are adapted to be moved, preferably manually,
for controlling an object, for example a cursor on a computer screen, as a function of the movement of the image~recording means. The

.| control device is adapted to record a plurality of images with partially overlapping contents when the image~recording means are being

moved, the partially overlapping contents of the images enabling image-processing means to generate control signals indicating how the
image-recording means have been moved. A method of controlling and a control device based on the tuming of the image-recording means
are also shown.




recorded by means of the CCD |ine sensors at a certain time is conpared

with data recorded at a subsequent tine, wher eby the novenent of the
mouse in the X direction and 30 in the Y direction can be determ ned.
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2 structure is simlar to that of a nDuse but which are used for
controlling physical objects instead. Furthernore, there are
control devices for control- ling objects in two dinensions, i.e. in a
plane, or in 5 three_di nensi VO 98/ 11528
descri bes a control & (LG AND _METHOD: QE CONTRORL 3 AN OR

t hr ee- di nensi onal information. The device is based on three
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and which are cap- IU able of "ngasuring acceleration or inclination in one
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i nterpreted by pg,%g@l e el ec- tronic means, converted into digi taI
format, and inpu to_the corrputer The position of the nouse in space
S det er m ne&8 2121 tigni ch may be based on l'i ght,

accel eration, gerSCD©@3y,Eﬁérsdﬂhﬂ|a%m@ﬁbeébnﬁﬁé usually equipped with
a control device, a so-called computer mouse, which is
10 wused for positioning a cursor on the computer screen. The
positioning is carried out by the user passing the mouse
over a surface, the hand movement indicating how the

mouse should be positioned. The mouse generates position-
ing signals indicating how the mouse has been moved and
15 thus how the cursor should be moved. Presently, the most
common type of mouse has a ball on its underside, which
turns as a result of friction against the surface when
the mouse is passed over the same and which in this con-
nection drives position sensors which in turn generate
20 the positioning signals. Normally, the mouse can also be
used for providing instructions to the computer by the
intermediary of one or more buttons on which the user
clicks.
Optical computer mouses are also known. JP 09190277
25 shows an optical mouse having one CCD line sensor for
~the X-axis and one CCD line sensor for the Y-axis. Data
recorded by means of the CCD line sensors at a certain
time is compared with data recorded at a subsequent time,
whereby the movement of the mouse in the X direction and
30 in the Y direction can be determined.
A mouse is thus used for controlling a virtual
J - object. However, there are other control devices whose



descri bed, use is nade of an ultrasonic sensor and a magneti c sensor.
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A computer mouse for inputting three-dimensional

information to a computer is described in US Patent

15 §5,506,605. This computer mouse is hand-held and is
intended to be held freely in space. Furthermore, it can
comprise sensors for measuring various physical proper-
ties which are subsequently interpreted by suitable élec-.
tronic means, converted into digital format, and input

20 to the computer. The position of the mouse in space is
determined by position sensors, which may be based on
light, acceleration, gyroscopes, etc. In the embodiment
described, use is made of an ultrasonic sensor and a
magnetic sensor. On the basis of the input, the computer .

25 can subsequently generate tactile feedback in the form
‘of vibrations which, for example, provide the user with
information concerning the location of the mouse in rela-
tion to its desired location.
Summary of the Invention

30 . It is an object of the present invention to . provide

an improved control device and an improved method of con-
trolling an object which are suited for both two-dimen-
sional and three-dimensional control of physical as well
as virtual objects.

35 This object is achieved by control devices according

to claims 1 and 23 and by a method according to claim 24.

* Preferred embodiments are stated in the subclaims.



t hree-di nensi onal control. It is advantageous because 15 it requires few
sensors and no noving parts. The entire novenment information is
contained in the overlapping con- tents of the inmages. Because the
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technology can be used for two-dimensional as well as
three-dimensional control. It is advantageous because

15 it requires few sensors and no moving parts. The entire

| movement information is contained in the overlapping con-
tents of the images. Because the device records images of
the surroundings, an “absolute” position indication is
obtained, maklng it possible to detect when the image-

20 recording means are in a specific pos;tlon, which, for
example, is not possible when using control devices based
on measuring acceleration. In addition to movement, turn-
ing can also be detected and used for controlling an
object.

25 In one embodiment, the control device is de51gned
for controlling an object in a plane. In this case, the
overlapping images enable the determination of not only
the movement of the image-recording means but also their
turning in the plane, which, for example, is not possible

30 when using a traditional mouse with a ball. Accordingly,
the control device is advantageously adapted to control
the angular position of the objéct in the plane. When the
device is designed for control in a plane, the image-
recording means are advantageously provided with a light-

35 sensitive sensor means having a two-dimensional sensor

surface, a so-called area sensor, for recording the

- images. In this context, a two-dimensional sensor sur-



5 control in a plane. In an alternative enbodi nent, the device is
desi gned for controlling an object in a space. In this case, too,

the control device is advantageously adapted to control t he angul ar
position of the object, in which connection 10 the control can take place
about three aX¥%9%6p469an econo- m cal enbodi nent, it may PEVSEMOA? ent
for the device to have two |ight-sensitive sensors each having a

t wo- di nen- sional sensor surface for ?ecord|ng said imges in two
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signal s outputd er?%ﬁi#%ﬁﬁﬁq?ﬁéslnage processi ng means nay requi re further
15 However, for more precise control in space, it is

preferable for the image-recording means to comprise
three sensors for recording the images in three,
preferably perpendicular, directions. This enables the
determination of the translation along three mutually
20 perpendlcular axes as well as of the rotation about these.
axes by means of relatively simple calculations.
Suitably, the control device has image-processing
means for providing control signals for controlling the
object. The image-processing means may be located in the
25 same physical casing as the image-recording means, the
output signals from this physical casing thus constitut-
ing the control signals for controlling the object which
is to be controlled. However, the image-processing means
may also be located in another prhysical casing, for exam-
"'30 ple in a computer whose cursor constitutes the object
which is to be controlled, or in a computer which in turn
controls, or forms part of, a physical object which is
controlled by means of the control device, the output
signals from the image-processing means constituting the
35 control signals for controlling the object. In this con-
_text, it should be noted that the control signals output-
"ted from the image-processing means may require further



PCT/ SE99/ 00719 _ 5 processi ng before
they can be used for direct control of t he object. The i nage-processing
means are advant ageously inpl emented with the aid of a processor and
sof tware, but can also be inplenmented conpletely with the aid of hard-
5 war e. WO 99@49age- pr ocessi ng means are suitably adapt Rdr/EE00719
determ ne the relative positions of the inmages with the aid of the
partially overlapping contents for provi di?}g said control signals. If
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the i mages to an acthh®l imegenpnocessing masns mage suétabdiyngdapard. tds an

alternative, the i 2@ rd@Xt e GoOE Ik £ itdRd Waldasawldich! 2Ree Neter
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signal s can thus be used f controlling the turning of an object as
well as its no\%?%"rﬁl°%|°(§h the image¥ant age conpared to traditional

mechani cal iGonput er Advasesgeously, the control device has a calibration
mode, in which the image-recording means are moved in a
way that enables the image-processing means to relate the
relative positions of the images to an actual movement of
the image-recording means. As an alternative, the control
20 device could be provided w1th a distance meter measuring
the distance to the surfaces belng imaged with the aid
of the sensors, but that would, of course, be more expen-
sive.
The image-processing means are'suitably adapted to
25 generate said control signals on the basis of at least
one movement vector obtained from the relative positions
of the images.
Additionally, or alternatively, the image-processing
means may be adapted to generate said control signals on
30 the basis of at least one turning indication obtained
from the relative position of the images. The control
signals can thus be used for controlling the turning of
an object as well as its movement, which is an advantage
compared to traditional mechanical computer mouses.
35 In the case of a control device for three-dimeh—
sional control, the image-processing means can combine
information from all the sensors with respect to the



35 In the case of a control device for three-dinen- si onal
control, the inmage-processing neans can conbi ne I nformation from al
the sensors with respect to the PCT/ SE99/ 00719 relative
positions of the inages in order 'to generate one novenent vector and
one turning veex960469n t hi s way, the posi tion of the i na§ETSEVMOTHONg
means can be unanbi guous- |y determ ned. In other words, the control
devi ce can 5 carry out a digitisation of the novement performed by a

hand when it mpueseibe f;@aﬂeraxfscwfdvcm maaéslﬂn%ﬂ%r tt% genex%%b
computer to control an object t he basi s hi s novenent
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e
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t he i mage- proce55| ng neans are pre- ferably adapt to out put said
control signal §biA Q¥mept. way that a receiver can identify the control
signals as 20 bei gy omd emdedifrent;osheolhagy-procdyciclg mEsErs aay, beor

exanpl e, bg, ef %aggegdbyo ﬁf@hge_ lsa dpesﬁf‘:t: :\[}?ﬁjaf)é %P the %as%@

An advant age o Ing an ase contro t becorres
possi bl e to detBenPReedih WHEh Fhge imags- rF‘é%%ﬁ%g‘“@ﬁbﬁ]é‘aé'f% heeny
predet erm ned mosed| othe ssperl being determined from the relative posi-

tions of the images and the image-recording frequency.
Suitably, the receiver of the control sigmnals should
15 kndw that the control signals are control signals so that
it will know how the signals are to be subsequently pro-
cessed. Consequently, the image-processing means are pre-
ferably adapted to output said control signals in such a
way that a receiver can identify the control signals‘‘as
20 being intended for controlling an object. This can, for
example, be effected by the use of a predetermined proto-
col.
An advantage of using an image-based control device
is that it becomes possible to determine when the image-
25 recording means are in a predetermined position, since
this position can be defined by means of one or several
images. For example, it is possible to detect when the
image-recording means have returned to their original
position. For this purpose, the image-processing means
"~ 30 are adapted to store at least one reference image and to
compare images recorded subsequently with this image in
order to generate a signal in the case of an essentially
complete overlap. For instance, the user can define a
certain position as a reference position by clicking on
35 the control device in this position. ‘
If the image-recording means and the image-process-
" ing means are located in different physical casings,



this position can be defined by neans of one or several | mages. For
exanple, it is possible to detect when the | mge-recordi ng neans have
returned to their original position. For this ‘purpose, the
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order to generate a signal in the case of,?n essentially conpl ete
overlap. For instance, the user can define a ~certain position as a
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signals. The t r%ﬂi"%f’@f“aﬁéﬂnb'ér%ﬁlsﬁ%‘t fzﬂ?srﬁ"?f“@fl,e' a2 18R TN thafis R t ter,
whi ch, for examgdmsonadesmbpe-seceordingl means or control device and use
it with different computers or receivers of the control
signals. The transmitter can be an IR transmitter, a

15 radio transmitter, which, for example, uses the so-called
Bluetooth standard, or some other transmitter which is
suitable for wireless information transfer between two
units located fairly close to each other. _

In a preferred embodiment, the control device is a

20 computer mouse, i.e. a device which can be connected to
a computer and be used for positioning a cursor in one,
two, or several dimensions.

The control device can be used in a first absolute
mode or in a second relative mode. In the absolute mode,

25 the movement of the controlled object is proportional
to the movement of the image-recording means. In other
words, the object moves in a way that corresponds to the
movement of the image-recording means, regardless of
where these are located. In the relative mode, however,

30 <the control device is configured so that the speed or
acceleration of the controlled object increases when the
distance increases between the image-recording means and
a predefined origin of coordinates. In this way, it
becomes possible to achieve faster movement of the object

35 by holding the image-recording means farther away from

the predefined origin, while, at the same time, precision



Bl uet oot h standard, or sone other transmtter which is suitable for
wreless information transfer between two units located fairly close to
each ot her. In a preferred enbodi nent, the. control device is a 20
conput er nouse, i.e. a device which can be connected to a conputer and
be used for pwmo9¥eO4WNg a cursor in one, two, or several FROTVSEISBETIS.
The control device can be used in a first absolute node or in a second
relati ve node. In the absolute node, 25 th& novenment of the controlled

obj ect is propqrti.gnal o_ t:he nt -of. _the.inmage-recordi means. In
ot her vvord%,() E'lt#: %gﬁo ?réc?é rr%%/ﬂ;'}se‘lpelr)\d/a_ fEEery gg?r é§88ﬁa§eF8r$£&9
movenent of th&epREgElPEeH &P rehpereigin.egardl ess of where these are
located. In the rel abbypaimgieso hpwriend 3@pele 6enthel i40¥hELhS £ONfi gured

so that the sp [ cceleratipn .of the.controlled object 1ncreases
when t he d?%? 3%83 F?\Cge%%%%r%té\i\%’elﬁ i %‘g‘ﬁlﬁﬁggﬁ?g?éfﬁ:ﬂggﬁﬁ%r@e%
predefined ®ri gbachf acgordapiedsto |he tthimnegqay preferablpevaneslhpssidd e to
achi eve faster coneeBEDingfah Nepddte s 35 thinchebdi Bg the taBAead s didg
means farther g\&g%etggmt?%r edefined origin, ,wall Cral thg sang tine,
preci si on JIesAg evice is adapted to g
control can bergehrrdvadebyrabl i mf timegesaydthepertiagly overhmspidoser to
the origin.  contentACHRéAl ik tingeSaRREdangeRbanl LbE b@ifﬁi_t&%hed,t

rel ates tolgé)l cgﬁtrol rgerefe having I.ma e-r%]%o&dl n rrﬁans 5 ich are
adapted to-be FUFnBATThPete AN hﬂ?ﬁ’ﬁ( CPREPGFS OL EBft FORIPRALRAPY%Ct as
a function of the detrerminafiamef how rrhgeimegerdeagrdingsmedine lword r ol

devi ce i s adapbednt furned.

This control device is thus based on the same idea

a

as the control device described above, but instead of
15 controlling the object as a function of the movement of
the image-recording means, it is controlled as a function
of their turning. This control device may, for éxample,
be a trackball. The embodiments discussed above are to
a large extent also applicable to the turning control
20 device, and the same advantages are obtained. -
According to a third aspect of the invention, it
relates to a method of controlling an object, comprising
the steps of moving a control device; recording, with the
aid of the control device, a plurality of images with
25 overlapping contents during the movement of the control
device; and determining the movement of the control
device with the aid of the contents of the overlapping
images. The same advantages are obtained as those
described with respect to the above-mentioned devices.
30 PBrief Description of the Drawinas
The present invention will be described in more
detail below by way of exemplifying embodiments with
reference to the accompanying drawings, in which
Fig. 1 schematically shows an embodiment of a con-
35 trol device according to the invention;



record a plurality of images with partially overl apping contents when
the i mage-recordi ng neans are being turned, 10 the partially overlapping
contents of the imges enabling the determ nati on of how t he

I mage-recordin rreans have been turned. Thi s corp((rﬁg ofi§ptisce 1S
t hus based on | dea as the control device describ libove but
I nstead of 15 control ling the object as agfunction of the novenent of

the i mage-recording nmeans, it is controlled as a function of their
turning. This contr@iglewi de aaplotkrdiagugt f the ldewtroadkbelir- The

embodi ent s df SCuIASA AN GRS Blivoaiménd 6% R Se Ao ALRRL caDl e to

the turning contre evi ce e sane advantages are obtai ned.
According to a adnquilinghdect the dR¥enhi@Rtion, it relates to a method of
controll'ing an obj eglig.camachemagically Mn:meps sdcoml iendpodiaentr of devi ce;

200G, U eecn Bt LiocABLgOL BN S a2l 1LY of | mages

with 25 contents d novenent e ‘control
devi ce; and det er ni iy ﬁhésnévéﬁf@m:héﬁt%khb‘éﬁﬁ%t@lng theyopegdtH#PRhE he ai d
of the content sy Hodtib10\@RIizRPIfdE two-dlbgesioddle Gaftrgldvant ages are

obt ai ned as those de Cr'c%%%aﬁﬁ%:ﬁligsﬁ?&sst&ttbepeqp%‘é%]mﬂt l"’%gﬁ

devices. 30 Brief Ifé’ﬁ:rl ptS
i nvention will tee dewrsiniddedleviicgpia Fig. d@i*t%ﬁll1 PrIwRedy way of exenpl i fying
enbodi nentggni th  piff & eRERMae1EAT1ACENIPANY i igreieati ES thien colit 61

Lo, L schemt sy dn ot ANPUO It Sl fugoRon St RIS <o
9 a point (x+8%, y+0y,2+82) in an orthonormal coordinate sys-
tem with the axes ey, ey, and e;;
Fig. 7 schematically shows which translation scalars
15 are outputted from the respective sensors when the con-
trol device is being moved (index shows which sensor is
generating the respective scalars); and
Fig. 8 schematically shows how the control device is
intended to be moved in the callbratlon mode. '
20 Description P ed Embodiments
The control device according to the 1nventlon can be'
implemented in embodiments of essentially two main types.
A first embodiment of the control device according to the
invention will be described below, which embodiment is
25 intended to be used as a two-dimensional mouse. Next, a
second embodiment of the control device will be describ-
ed, which embodiment is intended to be .used as a three-
dimensional mouse. Finally, the operation of the two-
dimensional aﬁd the three-dimensional mouse will be
30 described. In both embodiments described, the image-
recording means and the image-processing means are locat-
ed in the same physical casing, from which control sig-
nals are outputted. As mentioned above, the image-pro-
cessing means can also be located in a separate physical
35 casing. It is very simple for the skilled person to'car:y
out this modification.



Fig. 2 is a block diagramof the electronic cir- cuitry part of an
enbodi nent of the control device according to the invention;

Fig. 3 schematically shows a second enbodinent of 5 a control device
according to the invention; Fig. 4is a flowhart illustrating the
operation of wo9s04s9nt r ol device for two-di nensional contr oPSCT/SES9/00719 '
Fig. 5 schematically shows an "open box" in which the control device in
Fig. 3 can be used; 10 Fig. 6 schem&fically shows a novenent .of the

control deyi G8 %c%gr ghgg%.&qt{g% pdsetion froma point (x,y,z) to a
point [err] in : rarnate sys- temwth the axes ef[err],
e[err], and e[err]; In the firgg embo PEcsheycenbrrl i eire sRe¥nat i on
sca: a(rjs 15 aremyigut teditr comphibseespenisivg Iehaving SHrdtitn@ly ]
trol device is  hei no i nde %ggy&! enerating the
respective scalt-'?f‘res%%mgnéi?“qp‘ﬁ3 QQ g 1 3. \M%%%gqgﬁggg#?fﬁéesﬂcﬁ\%&h%et he ’
control devBce short sidgt efideae t RHhdined a Wipdewcal i bY honinisge. 20
Descri ption of ddafes o¢ wabeH iwides are read Theocethér@éviley) cmeaccordi ng

to the inventiqon can he. ' g,‘greq% ' ' f.es [ally two
mai n types. he %wr ?t :.g. gJag‘r%n 0 & éé%cgﬁfqgkng%%?% ’a’gc%f%ﬁlng’%to t he
invention will tse weescegpdnsbete, undslyioghsyrfane.is 25 intended to be

used as a two-di "enghanahsiBYSE. ediitially coheadnsd anheshimntpafh Bhe

control deyice wl Il be descri bi it edawhi4ch %gbodigent i S i:ptend d to be
used as a tAred™ SLECETRBAS| GhETUHETRE £ fal APS EnkOUpar BIERY & %he t wo-
di mensi onal and - he three-di mensional nouse will be 30 described. In both

enbodi ments descri befle bBeitsBgert 3 conadkdsNg IEGRS-aRtdiiy diode

uhi oh bontrol Sigh 18hs)petahcs . put g A SRERES Mier i ot o |
i mage- pr o- afessilightesapsibivel sengnr [8qc whdghi nonstipates £hshysi cal 35
casing. Iti5S VigfterFadal @ifRr chbceBdddrRd cPRisNitPyCPaFy 4. - out this
modi fication. The task of the LED 6 is to illuminate a surface

which is currently located under the window in the case

where the control device is held directly against a sur-

face or very close thereto. A diffuser 9 is mountédwin

20 front of the LED 6 for diffusing the light.

The lens system 7 has the task of projecting an
image of the surface located under the window 2 onto
the light-sensitive sensor 8 as accurately as possible.

In this example, the light-sensitive sensor 8 com-

25 prises a two-dimensional, square CCD unit (CCD = charge
coupled device) with a built-in A/D converter. Such sen-
sors are commercially available. The sensor 8 is mounted
at a small angle to the window 2 and on its own circuit
board 11. _

30 - The power supply to the control device is obtained
from a battery 12, which is mounted in a separate
compartment 13 in the casing.

The block diagram-in Fig. 2 schematically shows the
electronic circuitry part 4. This is located on a circuit

35 board and comprises a processor 20, which by the interme-

~diary of a bus 21 is connected to a ROM 22, in which the
- programs of the processor are stored, to a read/write



PCT/ SE99/ 00719 10 Desi n of the

Control Device In the first enbodiment of the control device shown
in Fig. 1, it corrpri ses a casing 1 having approxi mately t he sane shape
as a conventi gnal hl'ighter pen. One 5 short side of the cagifekddpené

w ndow 2, by 96P|‘{Gg medi ary of which images are read into the

devi ce. The w ndow 2 is sonewhat recegfed in the casing in order not-

to wear against the underlying surface. The casing 1 essentially

cont ai ns an ophémsrpaaI, Whith coms¢licuteentbecweorkingymeaery4ofavise a power

supply part Scessor and:Jh%ﬂﬁ%h!%%epﬁhhgésCQBBﬁ'Eﬁé S8ehsghtapgitting
di ode Fens system 7, %-'219 e-recor n the form of

a light- sen5|tP9@r%%nS%? 3 cqfprret &8ﬁ |Pﬁ?&sgﬁhea55weiﬁt%?f%ﬁetVfth the
el ectronic cireghésy Paand £he LED 6. Theeprasksebrt e, ERe=cbus 21,

luminate @ ShLagEnorsed i ihadd 20Ur ERAL L¥nkoca! QGgHEdﬁﬁlEhﬁt!gW'QQOW in the

case mhere e contro evice IS he Id directl ¥ ai nst sur - face
or very close VRder®d. the Assasd@ted SottyaRe-4oPRtDE F?BﬁFlB‘f‘t?he LED 6
for diffusing Eh&gé#ﬁf‘écessmg meanBhe | ens system 7 has the task of

projecting an SHedie 19 ifcaﬁ?xﬂzoﬁfi‘t gd tRdelhheonhdoss 2Nt 0

the light- senS|t|ve senso ccurate possi, In this
exanpl e, the | pghurkensef ReFiRhergl Smé-('iﬁv EB“‘PEF-?§€S § ragiqi RERRFonal ,
square CCDLgIni Ee{&ED Z6 chorr gransferaipigedndevmae)oni th/arbumi ah- extddD

conver ter.” Such, sep; ?u%%%orbﬁ%@o%cgmgg Abhssaud LABLA: cTbCu5ENS0n 8 i S

nmount ed own circuit
board 11. 30 contm@lp rimagaieaarding E‘Sﬁflfsolanéewlééhl SaphihEAche
froma batteryysdd %8i €he i &l iakitiebuttonssefflacateaditional mouse, as

well as an indicator 29, e.g. a LED, indicating when the

15 mouse is ready to be used. Control signals to the memo-
ries, the sensor, and the peripheral units are generated
in the control leogic unit 24. The control logic also
handles generation and prioritisation of interrupts to
the processor. The buttons 27, the radio transceiver 26,

20 and the LED 6 are accessed by the processor writing and
reading in a register in the control logic unit 24. The
buttons 27 generate interrupts to the processor 20 when
they are activated.

Fig. 3 shows a second embodiment of the control

25 device according to the invention. Like the first embodi-
ment, this embodiment comprises a pen-shaped casing 31.
Besides the window 32 on one short side.of the casing,
the device has two additional windows 32' and 32". Each
of the windows'32, 32', 32" is somewhat recessed in the

30 casing so that it will not wear or scratch should the
control device impinge upon a surface when it is in use,
or when it is in the idle position.

As in the above case, the casing 1 essentially con-
tains an optics part 33, an electronic circuitry part 34,
35 and a power supply part 5.
The optice part 33 comprises a lens package (not
" ghown) with three lens systems and a set of sensors (not



conpartnment 13 in the casing. The bl ock diagramin Fig. 2

schematically shows the electronic circuitry part 4. This is | ocated on
acircuit 35 board and conprises a processor 20, which by the interne-
diary of a bus 21 is connected to a ROM 22, in which the prograns of

t he processor wom/eiered, to a read/ wite PCT/ SE®OT/SEYPDHO719

11 menory 23, which constitutes the working nenory of the

processor and in which the inmages fromth&2sensor are stored, to a

control logic uypit 24, . ! e iaSe rnl. and the.LED 6.
The procesgor %6‘?%&65’3 %4%%%@%%8%@2%%?’%,%% contral | ogic
unit 24, as  tuel FhasipERriace Gntde SSPCHAPRLE oYt O MANL: dte

| mage- pr gceSS-i ForTeABSwindows 32,TIB2 'camkr ok | egspedtitite R4, imér?f- Harn 0
connected to N . 0f . peripher LS in radio trans-
ceiver 26 for tnr°a§'§ égggﬁbgghfirdﬁa%oﬁh gﬁ?‘rgo?nmfé%g%& rgtr'-grhae TEEEE nput er,
buttons 27, Sby devise éf WAterredhdud® hedd at acdistance Hramade seror di ng

{reag_stand YVhi ClEaces &hi@hb&!rel be:ltfg?(in_%?geﬁhana“gkhé&{&éﬂﬁw&; S.Qi‘ _m%g_t .
raal ti onal nouse, as . . | e.0...,a. I pdr catl ng
when the 15 nof&ESee F@gﬁ?/r\{foi%%ﬁ:u?e%d.sj&gg%? ?L%{’ts?%n%?%'ﬁto ISR Y5 BE

ries, the sens&ecoxdgdthe peripheral units are generated in the control

logic unit 24. The ¢t 1&hs|Sgitend Mve thlaaeébleseﬂegswﬁdtqmgmd\a?es
prioritisa ssor , the

radi o tranéégin\? r t%‘%t SVE%E%%%; tathtg mfggf%t%ix;g@g%@g‘gge%ﬁg ﬁgt%? g%@%sor
writing and diresedgonko sthe ghight-sensikiveonensdrs ;g aaminatedy The
as possible.

As in the above embodiment, the light-sensitive sen-
sors comprise two-dimensional, square CCD units with

15 built-in A/D converters. Each sensor is mounted on its
own circuit board. _

In this embodiment, too, the power supply to the
control device is obtained from a battery, which is )
mounted in a separate compartment in the casing. Ji?

20 in this second embodiment , the design of the eléc-
tronic circuitry part is essentially the same as that
described above with respect to the first embodiment. The
electronic circuitry part is shared by all three sensors.
Application ice o-di ion ouge

25 The device according to the first embodiment can be
used as a mouse for inputting movement information, by
means of which a cursor can be controlled on a computef
screen.

The user directs the window 2 of the control device

30 at a patterned surface, e.g. a mouse pad. He presses one
of the buttons 27 to activate the image-recording means,
whereupon the processor 20 commands the LED 6 to begin
generating strobe pulses at a predetermined frequency,
suitably at least 50 Hz. Subsequently, the user passes

35 the control device over the surface in the same way as

J - if it were a traditional mouse, whereupon images with
partially overlapping contents are recorded by the sensor



buttons 27 generate interrupts to the processor 20 when they are

acti vat ed. Fig. 3 shows a second enbodi nent of the control 25
device according to the invention. Like the first enbodi- ment, this
enbodi ment copprises a pen-shaped casing 31. Besi des thep on
one short sidggﬁ?s?ﬁ% casi ng, t he device has two addltlonal Q 2&% 32'
and 32". Each of the windows 32, 32',.:82" is sonewhat recessed in the
30 casing so that it will not wear or scratch should the control device
i npi nge upon assanflastonkdnin tthe dead/ywite mewpryhad. i The simagesherdedl e
posi ti on. stcreésaé N hifefPOV R Ca800 the 628i 88 4 sHeentid) lof con-

I
Supply part 5. Dikeis, “shef hEyie & HHey 55 BnEHHEBIR R RAGRAGI ( not

shown) with thwhétkens B¥atkns and a set of sensors (not

PCT/ SE99/ 00419 The flowchare in Fig. 4 showslghe o?e§$EWEH ¥ tdhd hree
i ght-sensitive sensors whi consti - erface to the

el ectronic ci r&HPt‘FI}mﬁﬁFi@%ﬁ mouge, in FOTS H‘&Bﬁé 321n3§ SRt %02
respectively. ERereihg imagadis i xpgromdud.t iImgstepd4Oin the snextbaodwapent. The

control 5 devigg Lachheadomd Gelitdildl it caidl shageepbiomill SWrla

faces which aré berng 1 naged consequently, 1 n nost cases, arnbi ent
light is suffi&hencoprbepes et ?W%é@?”ﬁ@ e 1MATCr acor ded. The lens.
systens haye the tank sboprag ext iimpgerhgesbéén vécohded uih astesp atomhi ch t he

;“;ggg‘gfefi, 32'tne3froBbEs begfihd &5 QL QUUALRG hbghieSspsiiiye Sansors as
previous image, step 402, i.e. in which relative position
the best match is obtained between the contents of the
images. This determination is carried out by translating

15 the images vertically and horizontally relative to each
other, and by rotating the images relative to each other.
For this purpose, every possible overlap position between
the images is examined, at the pixel level, and an -over-
lap measurement is determined as follows:

20 - 1) For each overlapping pixel position, the grey
scale values of the two relevant pixels are added up .if
the latter are not white. Such a pixel position in which
none of the pixels is white is designated a plus posi-
tion.

25 2) The grey scale sums for all the plus positions
are added up. .

3) The neighbours of each pixel position are exa-
mined. If an overlapping pixel position is not a neigh-
bour of a plue position and consists of a pixel which is

- 30 white and a pixel position which is not white, the grey
scale value of the non-white pixel is subtracted, pos-
sibly multiplied by a constant, from the sum in point 2).

4) The overlap position providing the highest over-
lap measurement as stated above is selected.

35 Our Swedish patent application No. 9704924-1 and the

correspondihg U.S. application No. 024 641 describe an

" alternative way of matchihg the images in orxrder to find



as possible. - As in the above enbodi nent, the light-sensitive sen-
sors conprise two-di nensional, square CCD units with 15 built-in A/D
converters. Each sensor is nounted on its own circuit board.

In this enbodi nent, too, the power supply to the control device is

obt ai ned fronWP136P468ry, which is mounted in a separate FSTHEOVRIM in
the casing. 20 In this second enbodinent, the design of the elec-
tronic circuitry part is essentially the d4me as that descri bed.above

Wi th respect te@nehBebtr&tefId9 PR tionl N@he codkatl 8B EnebECHhpiyopart is
shared by all %hree senéors._.th .eytllcatlgg of the Device as a
Two- di nensi onalF*RBfs&528SFreWith ARCRRATAL S P FPAGTEB Bhe first embodi ment

can be used as Asnsocr dprthenfhest wyeydapnprsithbor batwveen tiye means

of which a cur$hkreal PRaGOMAD!difd IRARRTRHLEE has BEERCHetermined. 1N€
user direct _tggemnndomlz of n{.rol device 30 at a patterned surface,
pad-.

the co
e.g. a nmus PESPT RYR MR 18 &%ﬁch dy  WREREUDPT: BhgcEFRTEERE ¢ he
i mage- r ecor di ngmagenbecomes vitiee eppEiricduse ipageedsore28ttonneadshé heext£D 6 to

begin genelahbRdrabbp@eg pul ses at a predeternmned frequency,
sui;ably at | east 58 F%._Subsqugﬁél , &he,user gasses 35 the control
device over the surPAcESFRTEHE g5ive PPpitionert Bher#R ti onal
nouse, wher eupdmageagesmowenent verdrdn dld pbowénedppwhichobh@hé st & chow
recorded bygthe,$€H88" in which diréaggh§ﬁ%%éog%%§e- cording means have
138 and giored |i e readiite nemyry "2 TRET gt aT
ges. If

the mouse has also been turned between the two images,

also a measurement of this turning is obtained. Subse-

quently, a control signal, which includes the movement

15 vector and the measurement of turning, is transmitted,
step 403, by the radio transceiver 26 to the computer for
which the control device is operating as a mouse. The
computer uses the movement vector and the measurement of
turning for positioning the cursor on its screen. -

20 Subsequently, the flow returns to step 401l. In order to
increase the speed, the steps can be partly carried out -
in parallel, e.g. by starting the recording of the next
image while the current image is being put together with
the previous image.

25 When the mouse is activated, the buttons 27 can be
used as clicking buttons for inputting instructions to
the computer.

Application of the Device as s Three-dimensional Mouse
The device according to the second embodiment can be

30 used as a mouse for inputting movement information, by
means of which a cursor can be controlled in three dimen-
sions on a computer screen, i.e. in a space.

. As described above, the three-dimensional mouse com-
prises three sensors 32, 32!, 32" having two-dimensional,

35 light-sensitive sensor surfaces. The main axes of the

~ sensors are orientated along the x-, y-, and z-axes in an
" orthogonal coordinate system and have a two-dimensional



stored as images, i.e. with the aid of a plurality of pi xel s, each

having a grey scale value in a range from white to black. 5 The
flowchart in Fig. 4 shows the operation of the f wo- di nensi onal nouse in
nore detail. In 400, a starting imge is recorded. | 1,

t he next |mage %3/?@@9 recorded. The contents of this inmage pa{’??'fsﬁsf)gﬁg
overl ap the contents of the previous jjgage. 10 As soon as an i mge
has been recorded in step 401, t he process begins of determ ning how it

overlaps the spatriai mesolnbyen of ep K02 pixeds mndwAi thméei-@éelxﬂ:mﬁl tion
the best match 4s np%eg%%dphet beEYnd heaé‘&ph%@fss s?%tgm roviddBRaes Tﬂg

deétermnation is_carr|l € ng bx sl a |n_ ges vertlc and
horizontal Iy retat¥ifd oo WahkBnan angi Lt °6‘y°ifofa¥?ﬂba‘l‘?lef9rm§é’@s
relative to eacdssddieited senbor shrﬁaq:mr pose, every possi bl e overl ap

posi Li on begneen e chaPgesscs £ Bhe! PEuBLXGhvififls 300

an- over - | ap neasurenent 1s determ ne as f) For each

over | appi ng pi X&@THES Gning g (PRSP box's 89 é°6’8F96§90F°t'ﬁ¥9tvﬁ) rel evant
pi xel s are addethiyh iifs defihbé bptaerleast nwo whideewablghsa amd(@z position

in which Q@g% a%eoeaéﬁk £bd il lﬁ%gaﬁgn%egefapi RPYden

tion. 25 sca € suns 03|
added up. othery) aﬂﬁieanéﬂ-aﬁﬁoﬁs H s sp ieeFSpb%ettbent d-'rl‘ee @mxse

mned. |f ag ovedd amoum]gdpnfxeélposmtsp&ce ,S budt tmaereauues Mg c@m-a pl us
t t t
post tion an mc%%%hdocaicﬁiééioﬂmakﬁbf%h&% O}ﬁ@{n Ehé‘”gné‘ gﬁ.‘ ' on

whi ch is not gﬁ sca heé"non- e p|
subtracted, poe des‘-‘é-’ 1®¥plied by a constant, from t he sumin p0| nt

2) . 4) The waegr h;aa Qeside Qs QD \isd, nghbhebhi:ehﬁﬁh&ilerf | ap
reasur et 25 Sl BnLS Rk Sboiicn e MhaRECLS R S
024 641 dedéri madh sensernabroexrdiBglsf. e PPsgatheni mgekls cagedeant o find.
also be described by means of the flowchart in Fig. 4,
but instead of recording individual images, a set of
images consisting of three images is recorded simulta-
neously. One movement vector and one turning vector are
20 thus generated with the aid of the images recorded by
each light-sensitive sensor, which vectors describe the
movement carried out by the mouse between the recording
of two consecutive images. These vectors are then includ-
ed in a control signal which is transmitted to the object
25 which is to be controlled by means of the mouse.

Furthermore, to enable the successful use of the
mouse, it is necessary that the light conditions be such
that the light-sensitive sensors are capable of recording
images of sufficiently high quality to permit their pro-

30 c¢essing as described above.

In order further to facilitate the reader's under-
standing of how the movement of the mouse can control the
object, a description of the calculations carried out to
determine the movement of the mouse will now be provided

35 Dby way of example, with reference to Fig. 6. In the cal-
culations below it is assumed that the image-matching
: algorithm is of a simple type which for each sensor mere-



PCT/ SE99/ 00719 14 t he best overl ap

position. The content of these applica- tions is herewith incorporated
by reference. As soon as the best overlap position between the
current inmage and the previous i nage has been determined, 5 the previous

i mage is di scwpdyE46mher eupon the current i mage becomes PRESEMPAEIIHS

i mage in relation to the next | mage recorded. By det erm ning
the relative position of the two [ madés a novenent vector is obtai.ned,
m' gh 'nd'bggtn %Q%Wclﬂafcég aﬂé tfaﬂ@iac—ll&i rlepttwnmhhﬁau@gﬁe{—ﬁe&%fuw means

v

bet ween recordi ng of t two i
mouse has al s&%&%ﬂ‘ﬁ@&%@?ﬂ%ﬁt%t qer'?‘aggélpp°semﬁ§5 Eh?ré%@{ﬁeerrent
of this turning iloceired dedthSubseition Quent| ) andobhablisigaala which
i ncl udes the oy, B ERCLER ﬁ@ddé&enrﬂ-easwmeahsogft eﬁglagthas

transmtted, step 403, by the, radi o _transcCeiver he conputer for
whi ch the éontqctﬂ“‘a&e\Fo(FétF'Qno'ﬁ%Fﬁ%’Fn% S ArgdE. °fh§ S m°E’6‘Frp'Ef‘?‘éEf' uses the
novenent vect goiand tike theadiireceivn d-ex, tHeuryaxdsf poiposi thotheg t he
cursor on its dslgeec‘%QOnZ%eSUb§ﬁgu€ﬂ¢U¥4aiﬂe el GhUERS b2rSEERodOL |1

order to i ncrease the ‘$pee e steps can be partly carried out in
paral l el , e.g.R8s HlHY |Sh‘§PPﬁ§ #E%Brla??l‘be?ﬂ thee 19eEFAing pipEEOWhi | e t he
current inmage inadedi,nghputotisgetheried tdut a thdamsfaeibnad moegen 25

When t he us | used as clicking

but t ons fg'ra [ ﬁaﬁl(itsltoqu\% yc?iﬁs:tg?ﬁ%%?gn‘g&i&psag%r@%gb%ut er. Application of
the Device as a Three-di mensi 8frdfs Aba2e (X+0X, Y+5Y #8Zlevi ce accor di ng to

t he second enbodi nent can be 30 used rms»arno8rRe for inputting novenent

| ormation, i the 1883 Bhovhleld AR GERRCHERRL! ObhEdLindty ce

di men- s Oh
tlon vectors can be deflned as shown 1n F1g 7. The first

15 sensor records movements in the x and y dlrectlons, the
second sensor records movements in the y and z direc-
tions, and the third sensor records movements in the x
and z directions. Consequently, for any triplet of conse-
cutive images, the translation scalars (x1, yl, y2, z2,

20 x3, z3) describe the detected movement of the mouse. The
translation scalars consist of the outputs from the
image-matching algorithm for each sensor.

In order to calculate the rotation of the mouse, the
effect of a rotation upon the translation scalars is cal-

25 culated. Suppose that the mouse is rotated throﬁgh an
angle o, which is sufficiently small so that sin a = o.
For the sake of clarity, it is also assumed that the
rotation takes place about the z-axis by o, radians. This
rotation results in the scalars

“30 ]
n
y2=—¢a, and x3=—-n—a'z
v v
where n is the number of pixels along one side of the
sensory and v is the angle of vision of the sensor sur-
face, expressed in radians. Thus, the following applies
35

.to all the axes:



As descri bed above, the three-di nensi onal nouse com prises three
sensors 32, 32', 32" having two-dinensional, 35 light-sensitive sensor
surfaces. The nain axes of the . sensors are orientated along the x-, y-,
and z-axes in ort hogonal coordi nate system and have a

t wo- di nensi ona 99/60469 PCT/ SE99/ 00719 PCTSESS/00T19
15 spatial resolution of n x n pixelys and a tine resolution of
m i mages per second. Each | ens systemprovides a field of visi'on with
an angle of vision of v radians flop thd ¢ associ ated 'sensor surface.

5 When the device is in usq, the mousg novenents are carried
out in an "open box" 50 according #o Fhg. &, Cx¥hi ch is defined by at

| east two side walls 51 and 52 1 ich gre or eptated at right angles
inrelation to each ot her, aBd ag roorB& '1s also possi bl e t hat
the nouse 10 can be held freely I'n spacey Y| requires nore com
plicated cal culation algorithns thﬁ t e onels { [zoM | | be described
bel ow. Wien the devicq I's in, use, | &h 3ggve met hod of
determning the relative positior 8f |nagea is uspt for 15 each sensor.
Accordingly, the operation in thijs“case caf, | 23 so be described by
nmeans of the flowhart in Fig. 4, but |i nst ead of recordi ng individual
i mges, a set of i mages Qorsgstlﬂg & lthree inages is recorded

simult a- neously. One noverent vector “and one turning vector are 20
thus generated with the aid of the inmages recorded by each

| i ght-sensitive sensor, which vectors describe the novenent carried
out by the mouse beweﬁaoupﬁ%reggr%mes of tiff tMAAUIBEIELYELIBIES.

These vectors are thén inc
which are output signals from the image-matching algo-

L
a

5 rithm, the number of pixels n of the sensor surface
along one side and the angle of vision v of the sensor,
it is thus possible to calculate a rotation vector (ux,
ay, az) for the rotation of the mouse about the x-, y-
and z-axes. o o _ )

10 _ Furthermore, in order to calculate the translational
motion one must know the functional distance from each-
sensor to the ambient geometry. The functional distance
is a constant which relates the output from the image-
matching algorithm to the translational motion. The

15 functional distance is determined by means of a calibra-
tion which will be described below. In the special case
where the mouse moves inside an "open box" 50 as describ-
ed above, the functional distance corresponds to the geo-

. metrical distance from the middle of the mouse to the

20 zrespective walls 51, 52, and 53 of the box 50.

' - For the sake of clarity, a translation of a distance
ox along the x-axis is looked at. Accordingly, the effect
of the translation with respect to the scalars x1 and x3
will be respectively

25



ed in a control signal which is transmtted to the object 25 whichis to

be controlled by neans of the nouse. - Furthernore, to enable the
successful use of the nouse, it is necessary -that the |ight
condi tions be such that the light-sensitive sensors are capabl e of
recordi ng wo reeses of sufficiently high quality to perm PCESR®POIS 0- 30
cessing as described above. In order further to facilitate the
reader's under- standi ng of how t hel®ovenent of the nouse can contro
t he obj egl,q @ description of the calculations carried out to
determne the novenent of the nouse will now be provided 35 by way of
exanple, with reference to Fig. 6. xBﬁ%H%%{ﬁwx culations belowit is
assuned that the inage-nmatching thhﬁ]ls of a sinple type which
for each sensor nere- PCT/ Sé99/200719
16 ly calculates the translation in two nutual ly perpendi cu- | ar
directions between two i mages. Suppose that the nouse is located in the
position (X, yHezp,add advhtdsi éréasha functichaflli ddstancés cBrodectgescri bed by
means of thg OkilGe 3 BRE Plofdledld BUFALEL it MesdedXich Al ) mouse
t hus points in the dlrectlon eerr]SL énam p0|nts iIn
direction R e[ &% (Xx3n@3% hetbe Faldayd s ﬂbFﬁ &t riecthtd® 1s grngferr].
Al so suppose t raflibeiweenalhechee@oredi Nng of two i mges, the nouse
carries out a translational nmotion 10 and/or a rotational notion according
to: [ erf] . . [err] In the
| ocal coordi nate system of |+ke—Buse, Ot he traasl at
mmtmrz
2
o —Z— o
2d, tan~ o
2 x1
0 z 0 . y]_
2d, tan— ox 2
n oy |= 22
0 0 — .oz
2d, tan— x3
n 2 | 23 ]
> 0 0
2d,tan-é- _
0 0 —r_
2d, tan—
X 2]
10

By knowing the values of the translation scalars,
which are obtained as output signals from the image-
matching algorithm, the number of pixels n of the sensor
surface along one side, the field of vision v of the sen-

15 sor and the functional distances d,- d; to the projected
surfaces, it is thus possible to calculate a translation
vector (dx,0y,dz) for the translation of the mouse along
the x-, y- and z-axes.

To sum up, the translation scalars (x1, yl1l, y2, z2,

20 x3, z3) which are obtained in the image matching, thus

':dépend on the rotation as well as translation of the



tion vectors can be defined as shown in Fig. 7. The first 15 sensor
records novenents in the x and y directions, the second sensor records
novenents in the y and z direc- tions, and the third sensor records
novenments in Pﬂfb and z directions. Consequent |y, for a Agﬂg@ﬁﬂg(ﬂ
conse- nage the translation scalars (x|,

z3) describe the detected novement of t he yguse. The translatlon

scal ars consi st of .the outputs fromthe I mage- mat chi ng al gorithm for
each sensor. mouse. Knowingethesgecand pther tharanatersodesonihedouse, the

effect of a rotlde, Wrah@atisASattor sssalayr,sz)saﬁala 28tatibat ed.
Suppose that the m)use I S rot

ed t
sufficiently smf¥c%o @ha?‘y's? l\E’F] gpalnedl'—l?x 5 Vilg %Hﬂwg i t
i s al so assunedsysim tdfe equatnongtluhlchk:es qﬁlacaéﬂaﬁ)omhetsme vechors bye

aferr] radi ans.cdy %.nclude@t %h' anbﬁéﬂei SsidhdNensicd als t%%nsmltted to
[err] where n is | xel s al ong ,one si de of t ﬁlensor

and v is the angfte ‘?}?Jgﬁtsl%ﬁtfff’s‘f"ﬁg &én@?ﬁn%d? he mouse, ?
radi ans. Thus, iididatidsowihegneppppest8dntof aihe tdixentes:
PCT/ SE99/ 00719 :

- 0 0 0 -z 0
2d, tan~ 4
2
0 d - 0 L 0 0
2d, tan~ v Ca
. 2 , Sx x1
0 - 0 0 0 = Syl |y
2d2 tan; 52 _ y2
0 0 —"—V 0 _r 0 .| |22
2d,tan-2- v a,| |x3
n n _a‘ -23-
- 0 0 0 0 z -
2d, tan— 4
27
0 0 2 n 0 0

10
Calibration, i.e. the calculation of the functional
distances d,, d;, and d;, can be carried out by moving the
mouse along the edges of the open box. .The mouse is moved
along the x-, y-, and z-axes according to a sequence A-B-
15 C shown in Fig. 8. Each movement gives rise to two equa-
.tions, which together give the following system of equa-

tions:
dl—o,5=—-ﬁ—; d,-o,s=—-—l‘—-; d2—0,5=———”—y
2x, tan— 2y, tan— 2z, tan—
* X > 4 Y2 ) < Z3 5
d,+0,5=_.__"_y dl-o,5=____'i__.; d,-05=—" ;
2x, tan— 2y, tan— 2z, tan—
2 L 2 | 2




By know ng the values of the translation scal ars, whi ch are out put
signals fromthe image-matching algo- 5 rithm the nunber of pixels n of

t he sensor surface al ong one side and the angle of vision v of the
sensor, it is thus possible to calculate a rotation vector ([err]x,
ay, az) for twe©96042i on of the nouse about the x-, y- aRdT/SE®00T9 10
Furthernore, in order to calculate the transl ational notion one nust

know t he functional distance fromeach- 20 sensor to the anbient geonetry.

The functional dist | SF 4 [ S e .qQutp fromthe
I mage- mat chi ngﬁgfgoor\ﬁ%drﬁ%lglegﬁ%%?gﬁspgt ng%‘r‘léafi%{o%icogn&aﬁ%es fé‘tl

functional di st&fcéPFermRE TR IFPIrEQnSadrubate Firg Avalues 19 thghi ch
W |l be descri lfadcbtbnal disttarecespels) afi;,cas@ d;. Where the nouse noves
i nsi de an "open boxs CRi D= V, J.onal distance
corresponds_to the B‘égghgfm&%;'t H‘%éﬁea&sstggngggfrrﬁ%?né%ﬁaeé%cﬁng?)Cfot & nouse
to the 20 resp&FPPdemeRt sti® user capgchgoge aheaposripomin time to For the

sake of claritgtoget thasimigern wiich ghet 88fifors at€rdyrerattng tdidpg-axis is
o el Lo Sl L st Sequentlyl ke sial 4 T Idug sspect 1o
[err] images is compared to the stored set of images and when
a complete overlap exists, a signal is generated to the
10 user. This enables precision control of an object since
the user can find his way back to the exact position at
which the mouse was located on a previous occasion.
Naturally, the same principles can be used in the case of
two-dimensional control of an object.
15 In another application of the mouse, only the rota-
tional motion is detected. In this case, no calibration
is required and it is sufficient to solve the equation -
presented above in connection with the discussion con-
cerning rotation. In this application, the mouse éaﬂ?"for
20 example, be mounted on a helmet or the like which iE%WOrn
by the user and which, for example, is used in various

types of virtual reality applications.
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is obtained if

dlerr] and d3 are the functional di.stances.t
projected surfaces with respect. g ﬂ -
this is gene- Aanrsaaie
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and [err]
5 nouse to the

axes

CLAIMS

1. A control device having image-recording means
which are adapted to be moved, preferably manually, for
controlling an object as a function of the movement of
the image-recording means; characterised in
that the control device is adapted to record a plurali-
ty of images with partially overlapping contents when
the image-recording means are being moved, the partially
overlapping contents of the images enabling the determi-
nation of how the image-recording means have been moved.

2. A control device according to claim 1, wherein
the control device is adapted to control said object in
a plane. .

3. A control device according to claim 2, wherein
the control device is adapted to control the angular
position of said object in said plane.

4. A control device according to claim 2 or 3,
further compr1s1ng a light-sensitive sensor means (8)
having a two-dimensional sensor surface for recording
the images.

5. A control device according to claim 1, wherein
the control device is designed for controlling said
object in a space.

6. A control device according to claim 5, wherein
the control device is adapted to control the angular
position of said object in said space.

7. A control device according to claim 5 or 6,

further comprising at least two light-sensitive sensor

means (8) having a two-dimensional sensor surface for
recording said images in two different directions.

8. A control device according to claim 5 or 6,
further comprising three light-sensitive sensor means
(8) having a two-dimensional sensor surface for record-
ing said images in three linearly independent directions.

Her e,

(x3,2z3). The foll ow ng
PCT/SE99/00719



10 By knowi ng the values of the translation scalars, whi ch are

.obtained as output signals fromthe im i@l gorithm the
nunber of pixels n of the sensor surrmulmluzmgmggﬁe the field of
vision v of the sen- 15 sor and.the funetiona stsan#es- d[err]- d3 to the
proj ect ed Wobdéwaes, it is thus possible to calcul ate a trrporkEdD0ON9

vector [err] the translation of the nouse along @ the x-, y- and z-axes.
To sumup, the translation scalars (x1, y22 y2, z2, 20 x3, z3) which are
obt ai ned in the imge matching, .t hus depend on the rotation._.as well as

transl ation of the2- A contro Pe?Y§E§9?669 ing to any one of claims 19
nmouse. Knowi ngl+téesturtiemidepprisingetinagedprerédeing medoye(2@&-24)ans! ati on

vector [err] . apgd. g5 QA4 cont¥el! Bigh8is] £6ANCERL AR Al Mg Py sol ving the

fol |l owi ng system of equations, whicCh is solvable. These vectors are 5
then included PP eFontrol si gnal which is transmtted to t he obj ect
control |l ed sy nmeanstmf A hentoodedewhicehascgnding to nellaint 5, Whenedw

position of the,objGcle ~lfldsdsing means (20-24) are adapted to deter-
. mine the relative positions of the images with the aid
of the partially overlapping contents for providing said
control signals. |
10 11. A control device according to any one of claims
5-8, further comprising image-processing means (20-24)
which are adapted to determine the relative positions of
the images with the aid of the partially overlapping con-
tents simultaneously with respect to all the light-sensi-
15 tive sensor means (8) for providing said control signals.
12. A control device according to claim 11, the con-
trol device furthermore having a calibration mode, in -
which the image-recording means are moved in a way,ﬁgat
enables the image-processing means (20-24) to relatézﬁhe
20 zrelative pdsitions of the images to an actual movéméét of
' the image-recording means.
13. A control device according to any one of claims
10-12, wherein the image-processing means (20-24) are
adapted to generate said control signals on the basis of
25 at least one movement vector obtained from the relative
positions of the images. '
14. A control device accotding to any one of claims
10-13, wherein. the image-processing means (20-24) are
adapted to generate said control signals on the basis of
30 at least one turning indication obtained from the rela-
tive positions of the images.
15. A control device according to any one of claims
10-14, wherein the image-processing means (20-24) are
adapted to generate said control signals on the basis of
35 the speed at which the image-recording means have been
J :moved, the speed being determined from the relative posi-
tions of the images.



10 Calibration, i. em.' the cal cul ation of the functional di st ances

dlerr], d2, and d3, can be ving the nouse al ong the
edges of the open box. The ﬂﬁ SEH" %"'D along the x-, y-, and z-axes
own

according to g spanepce A- B *n Fig. 8. Each nov E?&EM%’A@S

rise to two equa- tions, which together glvethefollovmng syst em of
equa- tions: [err] PCT/ E99/430719
20 This overdefined system of equations contains all t he

i nformation requi red&-o2gootiral edewics Aerardma @ claims 9-15,
wherein the image-processing means (20-24) are adapted

to output said control signals in a way that enables a
receiver to identify the control signals as belng intend-
5 ed for controlling an object.
17. A control device according to any one of claims
9-16, wherein the image-processing means (20-24) are fur-
thermore adapted to store at least one reference image
and to compare images recorded subsequently with that
10 image in order to generate a signal in the case of an
essentially complete overlap.
18. A control device according to any one of claims
9-17, wherein the image-processing means (20-24) comprise
a transmitter (26) for wireless outputting of the control
15 signals.
19. A control device according to any one of claims
9-18, wherein the image-recording means comprise a trans-
mitter (26) for wireless transmission of images to. the
image-processing means (20-24)."
20 20. A control device according to any one of the
preceding claims, wherein the control device is a mouse.
21. A control device according to any one of the
preceding claims, wherein the device has a first operat-
ing mode in which the control device is adapted to con-
25 trol said object in a way that enables its movement to
be proportional to the movement of the image-~recording
means. .
22. A control device according to any one of the
preceding claims, wherein the device has a second operat-
. 30 ing mode in which the control device is adapted to con-
trol said object so that the speed of its movement is
proportional to the distance between the image-recording
means and a predefined origin.
23. A control device having image-recording means
35 which are adapted to be turned, preferably manually, for
controlling an object as a function of the turning of the
Ao image-recording means; characterised in that



functional distances d[err], d2, and_d3 Further nore, by neans of
t he nouse according to this 5 enbodinent, the user can choose at a

certain tine to store the i mages are currently
record- ing in a nenory. Subseque”“lmmlulm |mm“f recor ded i mages
i's conpared tovep60d®ored set of inages &ndiwhen 5 *a conpl BCESEPOTIAD
exists, a signal is generated to the 10 wuser:. This enables precision
control of an obj ect since the user ca#ffind his way back to the exact

posi tion at WA EOnt 8L e"‘@% Eﬁ&ﬁ&@@ %t:ﬁee&ﬁ%’ I O%ﬁuﬁ}ﬁii‘ﬁ&o&

Naturally, the same principles c ]«?
t wo- di mensi onal 1&‘6ﬁ??o‘f’l‘b‘? B.ﬂFt&l?] é’t °V§§ apping | FPThFRNPe WRgBpERRat i on of
t he nouse, onl ya.hbge#:oémrdlng mieamal ardt being stulaieat,t ethe parthallgase, no

cal i bration sgg#e f%&ﬁ%dtts bﬁ Egéfi&é%% ézﬂabi‘l'n\ée th@edgggﬁ{\i on

pr esent ed above® |n co ion wth I SCUSSI on

rotation. It hFéta‘B‘bl P AW Ehe FB2FEITECRERINY dﬁ‘eaZ{? &@é{ﬁpPSenb‘éum{ ed on
a hel net or the |ike2ahixhndthofbf contbyllimg userokgrdtwhicehprisingxanpl e,
is used in vari s of virtual reality applications.

PCT/ SE09/ 00719 HE Stepéy‘,p@ , P

CLAI M5 1.~ MAHRT @ cP8Fres AAVIFRYF i mage-recordi ng neans 5 whi ch
are adapted to be noveskcqrdEingy,akliyhmeheasid,of dhe cont@bllr aklisg, an obj ect

as a f!J”Ct'Pd‘ %ﬁ?sﬂ@y%%ﬂes with"SvEPPYSs {:8F YA 20 TPa03ing thé " 2 ©

t er |

movement of the control device, and

- determining the movement of the control device
with the aid of the contents of the overlapping images.

25. A method of controlling an object according to

15 claim 24, further comprising the step of

- determining the relative position of the images
with the aid of the partially overlapping contents for
providing control signals for controlling the object.



that the control device is adapted to record a plurali- ty of inmages
with partially overlapping contents when 10 the inmage-recording neans are

bei ng noved, the partially overl apping contents of the inmages enabling

the determ - nati on of how the inmage-recordi ng neans hav d.

2. A control WePEW¥6dccordi ng to claim11, wherein t he coﬁ?"ﬁgﬁﬁ%{g@ﬁe IS
adapted to control said objectir1£2 a pl ane. 3. A control device
according to claim2, wherein e control device is adapted to control

t he angul ar position of said object in said plane.

control device according to claim2 or 3, 20 further {12

| i ght-sensitive sensor neans (8) havi ng a &wo- di ge

surface for recordin t he i mages. 5.
according to cl ai F_I]é_\]/ner ein the c

controlling said 25 object in a space.
accordirng to claimb5, wherein
t he angul ar position of said opf
control device according to 2%
two |ight-sensitive sensor
surface for record
8. A control device ac
|'i ght-sensitive sensor
surface for record-
directions.

sensor
g/fections.

Hher conprising three
ensi onal sensor

21




22 9. A control device according to any one’ of clains 1-8,

further conprising inage-processing neans (20-24) for providing control
signals for controlling said object. 5 10. A control device
according to claim9, wherein - t he i mage- processi ng neans (20-24) are
adapted to de{yeresmsaage M ne the relative positions of the i nmgEnsewhivIg he
aid of the partially overlapping contents for providing said

control signals. 10 11. Ac 7ro| devi ce according to any one of

cl ai s 5-8, further conprising? ge- processi ng neans (20-24) whi ch
are adapted to determne the relative positions of the images with the
aid of the par zgoverlapping con- tents sinultaneously with respect
to-all the light-sensi- 15 tive sensor neans (8) for providing said
control signals. 12. A control device according to claim11l, the
con- trol T hermore having a calibration node, in whi ch

the i mage-re orarﬁg-wﬁah

are noved in a way tfF§(35 enables the .

i mage- process$i hg nmeans |( ) torelate the 20 'rel ativgnpositions of the
i mges to anjaftual nove of t he i mage-recordi ng ans. 13.
A control deyi ge accordi any one of c}ains 10- )2, rein the
i mage- process$i pg neans 0%24) are adapted to generate sajd control
signals on tlhe}lbasis off 25 at | east one noyenent vector/0bt ai fromthe
relative ppsitions Jo§ the inages. . 14. A fontr evi ce
accordi ng tojany ohe of ¢l ains 10- 13, pherein the inmage-pyocessing
neans'(20-24£ Te dgpted to generate paid contrpl signalp on QSe basi s
of 30 at |edqs| one turjngng indication obthined fronmthe rel ‘é;’5 ive
posi ti ons of {t he i magesd. 15. A coptrol devifge accordyng to any one
of clains ’Eﬁﬁsthe i mage- progessi ng nmepns (20-24) are
adapted to g¢n control signals op the basip of 35 he speed at
whi ch the i njg nmeans have been Toved;—1he spee bei ng
determned fo ive posi - tjOns of the ijmages.
N 4
32% -32’ )
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PCT/ SE99/ 00719 23 16. A control
devi ce according to clainms 9-15, wherein the inage-processing neans
(20-24) are adapted to output said control signals in a way that
enabl es a &9' r toidentify the control signals as bei J &&99& 5
ed for controlling an object. 17. A control device according to
any one of clains 9-16, wherei n3yd,i mage- processi ng neans (20-24) are
fur- thernore adapted to store atfl east one reference image "and to
conpare i mages recorded subsequently with that 10 inagein order to
generate a signal in the case of an essentially conpl ete overl ap.

18. A control device according to any one of clains 9-17, wherein the

i mage- processi ng nmeans (20-24) conprise atransmtter (26) for wreless
outputting of the control 15 signals. 19. A control device
according to any one of clains . 9-18, wherein the inmage-recordi ng neans
conprise a trans- mtter (26) for wireless transm ssion of inages tothe
i mage- processi hg nmeans (20-24).&1%&(:?l 20. A control device according to
any one of the precedi ng cl ‘&herein the control device is a nouse.
21. A control device according to any one of the precedi ng cl ai ns,
wherein the device has a first operat- ing node in which the contro
device is adapted to con- 25 trol said object in a way that enables its
novenent to be proportional to the novenent of.the inmage-recording
means. 22. A contr ' ~Bg to any one of the

precedi ng clainms, wherein the devRBEJRB a s¢cond operat- 30 ing node in

which the control device is ja iR 4O said object so that
the speed of its novenent is %ﬁﬂh%ﬂn& Gz
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proportional to the distance between the inmage-recording means and a
predefined origin. 23. A control device having i mage-recordi ng
means 35 which are adapted to be turned, preferably manually, for
controlling an object as a function of the turning of the image-recording
means; ¢ h a woemodé9e r i s e d in that PCT/ SE99/¥f¥7sE99/00719

24 the control device is adapted to record a plurality of i mages
with partially overlapping contents 4@ n the i mge-recordi ng neans are
bei ng turned, the partially over %pi ng contents of the inages enabling
the determ- 5 nation of how the i mge-recordi ng neans have been turned.
24. A method of controlling an object, conprising the steps of

- nmoving a control device; - recording, with the aid of the
control device, a 10 plurality of inmages w th overlapping contents during
t he novement of the control de|j(Ge7 and determ ning the
nmovenent of the control device wth the aid of the contents of the
over | appi ng i mages. 25. A nmethod of controlling an objeéct
according to 15 claim24, further conprising the step of -
determning the relative position of the inages \2th the aid of the
partially overlapping contents for provi ding co 21 si gnal s for
controlling the object. '
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