WD 96/ 35161 1 .

PCT/ | B96/ 00367 - DYNAM C TARCET GAIN I N THE CAPTURE OF USER MOVEMENTS
FI ELD OF THE | NVENTI ON The invention relates to an
i nformati on processing systemconprising a display - for visualizing a

virtual space, and conprising a manual input device, coupled to the display
and having awmsassidie part, for enabling a,user to guide a CpEfadsshbic®ugh
the virtual space 5 in response to the use} actuating the noveabl e part.
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w despread manner of interacting with an information processing system 10
such as a PC, involves guiding a cursor or another display indiciumacross

a di splay screen usi ng an appropriate manual input device. Well known
exanpl es of manual input devices are nouse, trackball and joystick.
Typi cally, cursor guidance enabl es selection of a specific item froma
menu of itens, naking draw ngs, or navigating, all in a virtual space

vi sual i zed FrEI® OF THE INVENTION
The invention relates to an information processing system comprising a display
for visualizing a virtual space, and comprising a manual input device, coupled to the display
and having a moveable part, for enabling a user to guide a cursor through the virtual space
5 in response to the user actuating the moveable part. The invention also relates to a method of
enabling a user to guide the cursor across the virtual space.

BACKGROUND ART

A widespread manner of interacting with an information processing system,

10 such as a PC, involves guiding a cursor or another display indicium across a display screen
using an appropriate manual input device. Well known examples of manual input devices are
mouse, trackball and joystick. Typically, cursor guidance enables selection of a specific item
from a menu of items, making drawings, or navigating, all in a virtual space visualized on a
display.' The user has to position the cursor into a target area or has to guide the cursor

15 through a target area by manipulating the input device, the display then providing visual
feedback to the user. '

Target acquisition performance in the user interface turns out to depend on
feedback of capture progress, i.e., the cursor catching the target area, to the user. Cursor
catching is thought of as being represented by the amount of the cursor movement over the

20 displayed target area, referred to as “D", in response to a unit amount of movement on the
controlling manual input device, referred to as "C". The ratio is referred to as the D/C gain.
In _6ther words, the D/C gain is the ratio of the system’s display output and the control input.
See for more background information, e.g., “Is Display/Control Gain a Useful Metric for

. Optimizing an Interface?”, L. Amaut and J. Greenstein, Human Factors, 32(6), Dec. 1990,
25 pp. 651-663. '
v In considering movement from a given starting point to the centre of a target

area, the D/C gain can be characterized by four components: display amplitude, display
target width, control amplitude, and control target width. The display amplitude is a
quantity that is representative of the overall area of the display that is accessible to the cursor



di splay: The user has to position the cursor into a target area or has to
guide the cursor 15 through a target area by mani pul ati ng the i nput
device, the display then providing visual feedback to the user.

Target acquisition performance in the user interface turns out to depend on
f eedback of cWPO&B¥6brogress, i.e., the cuygsor catching the PCHEBEHETea, to
the user. Cursor catching is thought of as being represented by the
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Arnaut and Greenstein, cited above, discuss a variety of experiments to examine
15 the relationship between target acquisition performance and gain. The results indicate that
| gain does not sufficiently explain performance Accordingly, it is questionable if optimizing
_the conti'ol-display relationship should focus solely on gain. |
An alternative measure of the difficulty in acquiring a target, as measured by
movement time; is given by Fitt’s law. Acéording to this law, the movement time is
20 decreased as the control target width is increased, assuming that the target distance is a
constant. In a formula, Fitt’s law is: | |
Movement time = a + b log(2cht),
- wherein a and b are empirically determined parameters, "c" is the control amplitude, and "t
is the control target width. The expression log(2c/t) is usually referred to as the index of
25 difficulty of the movement. | '

' However, Fitt’s law predicts total movement time for a movement task wherein
the control and display are fully integrated rather than separate as in a mouse- or trackball-
controlled system. More specifically, Fitt’s law applies to procedures wherein control
amplitude and display amplitude are identical, i.e., wherein the between-target gain equals

30 unity, such as in grasping an object with one’s hand. Under conditions where control target
width and display target width are physically separate features, one could imagine that a
larger control target width, in relation to the disphy target width, would lead to longér
movement times,' simply because of the increase in time required to enter and leave the target

area.



of the control input or, alternatively, of the distance the control device,
Is to be noved fromb5 |ts starting point to a position that places the )

di splay cursor in the target area. The control target width is
representative of the range of control input positions corresponding to thé
cursor locations within the target.. Usi ng above
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20 ' Preferably, the system is operative to render a total amount of movement of the
moveable part, in order to have the cursor travel a partncular distance for entering and
thereupon leavmg the area, substanua!ly equal to a total amount of movement of the

- moveable part for havmg the cursor travelling the parheular dnsmnee ata between—target gain
level. As a consequenee, the dynamic target gain thus catches user’s movements without

25 requiring additional movement effort. For example, the gain for movements towards the
centre ofa target is substanhally twice the between—target gain Ievel ‘and the gain for
movements away from the centre is substanually half the between-target gam

Preferably, the decrease and increase of the amount of movement of the

’ moveable part are gradual and depend on a distance from a parueular Ioeauon in the target
30 area, e. 8y the centre of the target area, so as to avoid any abrupt cursor movement.
* ~ The features controllmg the variable movement effort preferably are

1mplemented in the software (apphcatlon software) and can simply be embedded in, e. g., the
software portion that controls the system s display. For example, assume that the software
specifies a transfer function that functionally relates the movement of the moveable part of



movenment times, sinply because of the increase in tinme required to enter

and:l.eave the target ar ea. ' . WO 96/ 35161
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The< conventi onal approach di scussed above does neither explain adequately
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area with a cursor in a virtual space visualized on a display under control of a moveable part
10 of a manual input device coupled to the display. 'According. to the invention, the method is
characterized by decreasing an amount of movement of the moveable part, required to move
the cursor a unit distance, below a pre-specified level when the cursor is entering a target
area in the virtual space; and increasing the amount above the level when the cursor is
leaving the area. Preferably, the increasing and decreasing is done gradually to avoid abrupt
15 cursor movements.

DESCRIPTION OF THE DRAWING o
The invention is explained below in further detail and by way of example with
reference to the accompanying drawing, wherein:
20 Fig. 1 is a functional diagram of a system according to'the invention.

DETAILED EMBODIMENTS |
Fig. 1 is a functional diagram of an information processing system 100 in the
invention. System 100 comprises a display 102 for visualizing a virtual space, and a manual
25 input device 104, Device 104 is functioﬁally coupled' to display 102 via applicaﬁon software
106 and has a moveable part 108 for enabling a user 110 to guic'le a cursor 112 through the
virtual space in response to the user 110 actuating moveable part 108. In the example shown,
manual input device 104 includes al trackball device whose rotatable ball plays the role of
moveable part 108. According to the invention, system 100 is operative to decrease an
30 amount of movement of moveable part 108, required to move cursor 112 a unit distance over
display 102, below a pre-speéiﬁed level_when cursor 112 is entering any one of target areas
114, 116 or 118, in the virtual space, and to increase the amount above the level when
cursor 112 is leaving the relevant one of target areas 114-118.
| The dynamic target gain is created, for example, as follows. 'Appllicétion



| eave than to enter the target region. In other words, Ionger control * .
noverrents are required to approach than to Ieave the centre of the
target. This type of target gain is herein referred to as the !
"dynam c target gain”. Note that in the reference cited above, in cont rast¥
t he gain Is a fixed quantity in each individual test run. 20
Preferabl y, WOR63S§ktem i s operative to rgnder a total anourtTmsbeswsrenent of
t he noveabl e part, in order to have the cursor travel a particular
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function gitp (B‘FPJPI"}‘“PE @ 4nit distance, avex display mem’é\ﬁé@ﬂll@ dege by of
\IQQT??{B gg /1%81:; og up the input or the output of transfer functiéh 124 s0 that less user movement results
in larger cursor movement. If a position of cursor 112 lies within any of target areas 114-118
- and is made to move away from the area’s centre, then comparators 120 and 122 modlfy
15 transfer function 124 to increase the amount of movement of moveable part 108, required to
moave cursor 112 a unit distance over display 102. This could be achieved by scaling down
the input or the output of transfer function 124 so that the user movement results in smaller

cursor movement,

)-1

The increase or decrease of the amount of user movement required to move
20 cursor a unit distance preferably is gradual so as to avoid abrupt cursor movements. This
could be achieved by varying the scaling up or down of the transfer function in dependence
of a distance of cursor 112 from a centre of any of target areas 114-118 when cursor 112 is
within range of target areas 114-118. The term gradual" is to be understood as applying to
the movement of cursor 112 as pereewed by user 110. The variation could still be stepwise
25 using two or more different sczlmg factors S0 as to save proeessmg power of the system’s
~ CPU (not shown) or memory capacity when transfer function 124 and its smled-up and
sealed-down versions are stored as look-up tables in the system’s memory (not shown).
Target areas 114-1 18 need not be statmnary In, e.g., a computer game callmg
., on the user’s adroitness, areas 114-118 may represent moving targets to be caught by
30 posmomng cursor 112 over the targets. Further. in the examp]e shown, manual input device
¥ 104 mcludes a trackball dev:ce whose romtable ball plays the role of moveable part 108. It is
clear that other types of input devnces, such as mce or joysticks, could be used as well in the
invention, as the cursor catching assistance 1mp1emented by the invention is largely modality
independent. The cursor catching according to the invention may be combined with tactile



t he manual input device to the novenent of the cursor across the display.
When .t he cursor is made to enter or to |eave the target area in the
virtual space under control of the user novenent, an indication is
‘created that effects a nodification of the transfer function; The
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reference to the acconpanyi ng draw ng, wherein: Fig. 1is
a functional diagramof a system according to the invention. :
DETAI LED EMBCDI MENTS Fig. 1 is a functional diagramof an
informati on processing system 100 in the i nvention. System 100

conprises a display 102 for visualizing a virtual space, and a manual 25
i nput device 104. Device 104 is functionally coupled to display 102 via
application software 106. and has a noveabl e part 108 for enabling a
user 110 to guide a cursor 112 through the virtual space in response
to the user 110 actuating noveable part 108. In the exanple shown,



manual input device 104 includes a trackball device whose rotatable ball .

pl ays the rol e of noveabl e part 108. According to the invention, =
system 100 i s operative to decrease an 30 anount of novenent of noveable:
part 108, required to nove cursor 112 a unit distance over - di splay *

102, below a pre-specified | evel when cursor 112 is entering any one of
target are’@oeemsierll4, 116 or 118, in the virtual space, gRdnbskdesls’ €2se

t he ambunt above the | evel when cur_gor 112 is |l eaving the relevant one
of target areai 114-118. ' © The dynamic target gain is
created, mple, as follows. Application . ———— WD 96/ 35161
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conprises a position conparator 120 to conti nuﬂmmm‘“m t he
position of cursor 112 lies within. or outside as "114-118.
Software 106 further functionally conprises a “not i on corrparator 122 to
det arm ne whether or not the nmovenment of cursor 112 is towards or away

froma centre of any of ‘target areas 114-118 in case cursor 112 is
within the rel evan ﬂ%ﬁ Software 106 al so

i ncl‘udes transfe%?%ﬁ%ﬁ%gﬁ%e C¥ivert a novenent of
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124 is 10 nDdr I ed via conparators 120 and 122 to decrease an anobunt of
novemne Bte part 108, required to nove cursor 112 a unit

di st ance %Wll@maioz This coul d be done by

. - the system is operative to decrease an amount of movement of the moveable part, required
to move the cursor a unit distance, below a pre-specified level when the cursor is entering a
target area in the virtual space and to increase the amount above the level when the cursor is
10 leaving the area.
2. The system of claim 1, operative to render a total amount of movement of the
moveable part, in order to have the cursor travel a particular distance for entering and
thereupon leaving the area, substantially equal to a total amount of movement of -the .
moveable part for having the cursor travelling the particular distance at a between-target gain
15 level. o ' ' |
3. The system of claim 1 or 2, operative to effect at least the decrease or the
increase gradually in dependence on a position of the cursor relative to a particular location |
in the area 5o as to avoid noticeably abrupt cussor movement.
4, The system of claim 1, operative to run a software application that comprises a
20 transfer function to convert a movement of the moveable part into a movement of the cursor,
and operative to modify the transfer function in dependence on a position of the cursor and a
direction of movement of the cursor.
5. Amethodofenabhngausertocatchatargetareathhacursormavumal
K space visualized on a display under control of a moveable part of a manual input device
25 coupled to the display, the method being characterized by:
- decreasing an amount of movement of the moveable part, required to move the cursor a
unit distance, below a pre-specified level when the cursor is entering a target area in the
virtual space; and
- increasing the amount above the level when the cursor is leaving the area.



cursor 112 lies within any of target
away fromthe area's centre, then conparators.lZG ahd 122 nodify 15
transfer funcWOO3SIeK to increase the anougt of novenment of RAOINEBMM03STpar t
108, réquired to nove cursor 112 a unit distance over display 102.
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gradual so as t8 avoi d abrupt cursor venments. . coul d be. achi eved
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of a di stgng, f cursor 112 froma centre of any of target areas 114-118

when cursor 1 i's within range of target areas 114-118. The term
"gradual " i §.to be ukhemsthoddfclaim s whergin atoleast the dereasing or/thetincreasingrisor ' |
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using two or erent scal I ng as teo save processing power

scaling.up the input or the output oiguﬂgnsfer function 124 so that |ess

usef .novenent results in |arger m,’L W”" If a position of
v “and is made to nove

of the systenis CPU (not shown) or nenory capacity when transfer
function 124 and its scal ed-up and scal ed-down versions are stored as
| ook-up tables in the system s nmenory (not shown). : Tar get

areas 114-1 18 need not be stationary. In, e.g., a conputer gane calling
on the user's adroitness, areas 114-118 nay represent noving targets to be
caught by 30 positioning cursor 112 over the targets. Further, in the

exanpl e shown, manual input device 104 includes a trackball device
whose rotatable ball plays the role of noveable part 108. It “is cl ear
that other types of input devices, such as mce or joysticks, could be used
as well in the i nvention, as the cursor catching assistance

i npl enented by the invention is largely nodality independent . The

cursor catching according to the invention my be conbined wth tactile
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PCT/ B96/ 00367 feedback to the user via a special nmanual input device,
e.g., such as the one disclosed in Eur opean Patent Application 0 489
469. System 100 in Fig. 1 may be a part of a larger,

mul ti-user systemwth geographically distributed stations, each

i ncl udi ng a wogsasieive nmanual i nput device 104 and a 5 di splsgraB9%N03s?
Software. 106 then may be run partly or entirely on a central server (not

shown) . A commruni cati on network suchl?a t he tel ephone network coupl es
t he vari ous manual input devi ces and e displays to the server. Sone
users then may guide the target areas 114-118, wher eas ot her users may

be controlling one or nore cursors, each respective one of the users
havi ng vi sual access to the virtual space or a respective custom zed

portion thereof. W96/ 35161
7 ' _PCT/I896/00367 ‘CLAI M5:
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An information [ | Si %%’L 0% ‘7
processi ng system conpri sing: gc’il
for w/ual I zing a virtual space; - a manual input device coupl h@w
di spl ay and having a noveable part for enabling a user to Quesle a
cutsor. through the virtual space in response to the user actuafghiRy he 5
noveabl e part; aract ri e pirelUBEksAL PROPERTY ORGIAIZANION €M | S RGN |
decrease an armun?c_ghm)verrent of the MEERLPE®part, required to move
t he cursor mamucmmmum Up@ERﬂEEcPAﬂ‘ENEICOWHBR\ATIQH TREATY (PCH
ent er i Nq @) meernaticha Pdt Crdbifesion 6 L he Vi é%ﬁ‘ T o se t 9598y
above th(ﬁf &?w SogUr SOr S 10 Ag LVI ng the area. Mbg'a wor 61
The systle I m operatlve t 0 r pndq 43int@dticial Rublivatios Dapd: nmmusmfo’m%)
t he —Toveattepart, T order to ttave t{1e Cursor _tTraver —a particutar

di st anceq (@pintematioga AyplicatkmNumber:  t h PCEBRNN3SY LAY mmm mlse,tmamng?r , BE,

equal 4,tc t.Of moyene Fbﬁ?’t@ﬁ‘f”’ﬁ%f‘
the curs {ngg%ﬁ?mﬁ%f Fe par;lz?c ar %&%me at 'a between target gain 15

| evel The systemof clajml or 2, opetative to effect at

#
| east tHé’“ Jo® or the ase hgmg&gne‘pg%cs 201% b revubli
posi ti on c&w,éﬁxwﬁcﬁﬁﬁgmﬁt par w%ﬂnﬂﬁhnpﬂ P o 5 repte
SO0 as tg av0| d Iehnasicrebappiigatiatwas ipd: cursm.etma/errent The

systemdf claim1l, operative to run a softpare appllcatlon that conprises a

20 tranqﬁe&”ﬁmci:mgps EECPRINEY N.v.anDRMessn| of the noveable part into a
novenent| of tMuMmsbN;rSGZIBAmmentme-r ative{to nodify the transfer function

I n depen tlpgﬂn,gf and a direction of novenent
of the cgﬁ myg,ms ﬂﬁ,s.mgssmmgﬁsﬁpt[a %J Df enabling a user to catch a

t ar get area with a cursor |n avirtu space visualized on a display
under cg 'HY;‘&%‘F%:@%V%&% H‘gr’r‘eﬁh bl i nput device 25 coupled to

t he di sgdl the ei ng characterl zefl by: - decreasi ng an anount
of anquIAsft: GRGENENY. th.. Mr to nove the cursor a unit
di st ancd, beIW‘f%"s"ﬂe Bex4 the cursor is entering a target

area ini{the

(54) Title: DYNAMIC TARGET GAIN IN THE CAPTURE OF USER MOVEMENTS
(57) Abstract

The movement of a manual input de-
vice in an information processing system 1% 112
dﬂ;ﬁermines the d::;;eme%‘:f :;pxlx:yotacm | \
system’s display. visual- ' l
| | @B +
=

izes a virtual space, e.g., in a multi-media
environment. Certain stationary.or moving
areas on the display represent target arcas
serving as possible destinations for the cur- 10
sor. In order to create a catching effect on
the cursor, the system requires more user .
movement to leave than to enter the tar- 120
get region, thus enhancing target acquisi-

tion of the user. )]
perfonmance user. m‘lﬂﬂ )
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virtual .space; and - increasing the anount above the | evel when the

cursar is leaving the area. WO 96/ 35161

8 . PCT/ | B96/ 00367 6. The met hod of
clatm 5, wherein a total anmount of novenment of the noveable part, in
order to have the cursor travel a particular distance for entering and

t her eupon | eaving the area, is rendered substantially equal to a total
anount of novenent of the noveabl e part for having the cursor travelllng
the particular distance at a between-target gain 5 | evel. . 7.

The met hod of claim5, wherein at |east the decreasing or the increasing is
made gradual so as to avoid noticeably abrupt cursor novenent.
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