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WO 2004/ 031 gﬁﬁyﬁ%/ stieef) Q&d@#@tﬁﬂ? executes concurrently with whatever

application the user may be working with. As the user navigates from element to

element, such as by tabbing from one button to another, the screen reader sends
information about the current element to a text-to-speech engine and/or a refreshable
Braille display to convey that information to the user. Text-to-speech engines
translate this information into synthesized speech to announce it to the user.
Refreshable Braille displays translate that information into a well-defined pattern of
dots (i.e., Braille characters) and raise pins on a physical hardware device

corresponding to each dot in the Braille characters. In the case of a button, the
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screen reader often conveys the nane of the button and
the current state of that button (e.g., it is
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list box, or the Iike), its location on the screen, or its caption. The assistive

30  technology product itself must then deduce from the returned element type what

functionality is available to the user. In other words, the assistive technology
product must understand what a “button” is and that the button may be pressed

(invoked). Therefore, the designers of a good assistive technology product must
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control patterns are used to describe functionality that may be exposed by one or

more types of elements. Functionality that is common among two or more types of
30  elements is described by the same control pattern. Certain predefined methods,

structures, properties, and/or events may be associated with a particular control

pattern. Elements that support the control pattern, when queried, return an interface

3



WD 2004/ 031937 PCT/ US2003/ 015706 that describes those
nmet hods, structures, properties, and/or events. In

wOohbe/03e37 an automation utility nmay nmani pul aPeTAIS2003/015706

10

15

20

25

30

el ement wi thout having prior know edge of the
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interest to t
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invention.

Detailed Description of the Preferred Embodiment

The invention provides a mechanism that enables an automation
utility, such as an assistive technology product, automated testing script, macro
recorder, or commanding application, to gather descriptive information about a user
interface element and to determine what functionality that element provides without
knowing exactly what type of element it is. Briefly stated, the inventors have

determined that each element or control includes two aspects of interest to the
4
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functionality that the el enent exposes. In view of
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in %ﬁ%@?}ﬂ ié%‘llc}pﬁaﬁgy 39 Itheosg1 Q(gmggrpeh{seW1 MR %las“:ﬂeg‘:fgie g 08.

Computing device 100 may have additional features or functionality.

For example, computing device 100 may also include additional data storage devices
(removable and/or non-removable) such as, for example, magnetic disks, optical
disks, or tape. Such additional storage is illustrated in FIGURE 1 by removable
storage 109 and non-removable storage 110. Computer storage media may include

volatile and nonvolatile, removable and non-removable media implemented in any
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20PMAIeAes media. pl e el enents. For the purpose of

Iy 64 A Rrentfon o $h G, ™2NS any component

FIGURE 2 is a functional block diagram generally illustrating

components of one system implementing the present invention. Illustrated in
FIGURE 2 are an automation utility (e.g., an assistive technology product) 201 and
an application 202. The application 202 includes multiple elements. For the
purpose of this discussion, the term element means any component of the user

interface with which a user can interact or that provides some meaningful
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interface with which a user can interact or that
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As described above, in the past, the automation utility 201 would
have simply determined the type of element currently having focus and used its

control type (e.g., button, menu item, editable text field, or the like) to extract
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"control patterns" to be established to describe basic functionality that may be
exposed by an element. A control pattern is a mechanism for describing the
behavior of an element. More specifically, a particular control pattern may define
certain structure, properties, events, and methods supported by an element.

Elements may (and likely do) support multiple control patterns. The collection of
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Table 1. Description of Illustrative Control Patterns

Thus, the elements illustrated in FIGURE 2 can be configured with

the appropriate control patterns to represent the type of behavior that may be

expected of the particular type of element. What follows is a table that describes

some common elements and some control patterns that may be used to define the

behavior of those common

elements:

Element

Relevant Control Patterns

Buiton

Commands, Invoke, Visuallnformation (if

appropriate)
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Tabl el tem Represents a cell in a table; used to
sinplify the client's view of a table Text Exposes

woOherdmaiavi or and functionality associ ated w t RCT/US2003/015706
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Sc :
Talgllg{glev%rsgg% oﬁr%@se(o'f ?mﬁﬂfm?%h A eshs%ﬂé)g(lloh %Q\Qe ach object in
Cothewmhbitst tré agmam arprualﬁtnnmm Thé mammpphcatﬁmef)mdoﬁ éxt ,
[ t Patf.erns for
(Z:g%pﬁeﬁlenfgpi E@fg?@r Jec%OST%gcll Gac elgn(l)gnt ro? the a%pflcatlrc])n 202 includes a
corresponding object in the object tree 301. For instance, each portion of the tabbed
dialog 221 in FIGURE 2 has a corresponding tab item (tab 306, tab 307, tab 308) in
the object tree 301. Similarly, the list view 220 and frame 225 have corresponding
objects (list view 311 and frame 312) in the object tree 301. The parent/child

hao
T

relationships are also represented in the object tree 301. For instance, the frame
object 312 has child objects (combo box 230, button 321, and button 322) that
correspond to the elements contained within the frame 225.

In operation, as the user navigates from one element to another in the
application, a selection manager associated with the application 202 notifies the
automation utility 201 (illustrated in FIGURE 3 as an object) that the focus has
changed. In the case of a screen reader, this focus change may cause the automation
utility 201 to query the particular object fepresenting the current element with focus
for a plurality of properties and for the control patterns supported by that element. A
change in the focus is only one of many possible reasons that an automation utility
may choose to query an element for this information.

A sub-tree 401 of the object tree 301 is illustrated in FIGURE 4. To

further illustrate the operation, assume the automation utility 201 is a screen reader.
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or it may idle in a loop (block 511) until it receives an event notification which it
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20 i noéerdient biibon tEdUi Autanation Framewdikeanidrhagingdbpagsdprite

25

30

511 til it ei ves an nt not fication which it
g’ T@%W%@E@%ﬁﬁf%@ previously

r egl stered t BIGEREIGVS a 104164 fRW @YSain Eﬂailg(il@&s‘h@ﬂng & process

received, the process continues at b

bl ¥lQUSYIE anjest écndmenmfw whatrtehaviphit gkpeses.i Ehepree¢ss fegins at
| el Bk KL e B ORBEPLRGRb 0 RHHLE B

i mseoverddetyi ameveﬁmaiﬂcaﬁmi d)mmetdthdrtm(ecHEMsm?iLfchQ‘d €raversing the
fromthe current elenent properties that include
hul AviraRiion) obiest hieksehy. nt ended for consunption by the

user. The PREGE&SSof Bdkk BHES: RterRlifitknIiRade whether knowledge is

desired about all the supported control patterns for the element with focus. For
instance, some circumstances may warrant querying the element to determine all of
its functionality rather than simply whether it behaves in a particular desired manner.
One example of such an instance may be in a debugging or testing environment. In

those cases, the process continues at block 603. However, more often than not, an
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At bl ock 515, the elenent of interest is queried for
control pattern support. One nethod of doing so is
wdesarsisd bel ow in conjunction with FI GURE 6. PCLWS2003/015706
Briefly stated, to deternmi ne how to programmtically
mani pul ate the el enent, an automation utility may

quéripmaen Rekitymeedsdo kmewtwhetiies dia @eraelﬁéupmrm aarvaruw@r behavior.
Ofm&nggéa%s o;frséé%ts {:gl{tlnﬁg%/ﬁc Lfc?éic{mtshe el ement for the

contr ern Supports. Once the
S u p ported coORAt bhickm}aB f&quesy frehdaupported bunitfl PEESHEs is issued to
tinues ag bl ock 517. 15 At bl ock 517, the el enent
ha SR Q8 Interestys Tihs drery deey 1eauestd Femplicts Lishof thejcpstrol patterns
su a I
5 3 o oAb At &l GherlR e ey o oMbty & Dot AR foquest
c omterdid,cepm daeh nf the ssppmtwdtcedtroltﬁaﬁemb ehemepdmy, at blogk 607, the

f [ d nbod
Do ety GoeeT ol i e e s o e O s fin any appropriate
Thaydtbwdver, de8nibod (ke 176 Alchace thetrﬁﬁh@dbt fB{:'ﬁlte'erﬂrned control

utility (or any 20 othér client built on the
Au petieam tooproBreameatise Ry snadipilage thg eteneens (gag. oyee th¢ e

0 PR L AR AR A o b s

ting a process for querying an object to
determ ne what behavior it exposes. The process begins

at deci si onAbblogk 68812 qlmgxsessaed 9l thaslement topteterovinasid it
b )
ygﬁ)ﬁo %?&tttl)cuﬂf‘(?orﬁleo? g%u% Ef'n tllsl% %?3 %ﬁg ﬁac&%taﬂng the navigation

on or sone er nec

t r af/&r spipligationean blitovationratilitg ﬁmegqunewt whdtgiuadtioRxlity A behavior is
deci sion bl ock 601, a determ nation is nmade whet her

15 knexXRceiad ot # partigelay peint indbrapplicetion cAesgrlingly cithes thap gequesting
Paj s FSufRs S\fapﬁgrt&i SR metnlik HRGH R m RN ut ﬂi@?{n@tﬂéﬁ%ry whether

sone ci rcunst ances nay VBT TANT queryi ng '
d _eareclmnﬂlet sapportsfa @aticular doutrol pamaai i Thusy @thiledk 605athe automation

simply whet her it behave art cular esired
Y TS R RE R E Y i f B cgBirplpagiemn.
debuggi ng or at &&ﬁél&gbl%ey 609) %"H%%mﬂaﬁon EJ‘B%&% ﬁfﬁétflép tht P&ticular

process continues at bl ock . However, nore o
20 t h@nnmbpatteamls SUBpOMDAd2 d@nh@t}mgmhmmwmﬁwmy@ﬁnply return a

n utilij dsto kngw whe I el e
TR B8 riesletr b MFcTnBisG iRt uphprio da S o, et wiit
pr@eg S@e@tﬂcﬁé et ot Blocle koS tith QRothét deR]rOE Kot patterfl Ltﬁrlb’may end
for the supported control patterns is issued to

eI idmenq olgthe desived @ontrolpatters @rqsunn«}rtqde dé d:@tcuarenmvptret pattern is
. Shofied VA0S St B8 1 MR S, g g o

25 r esyppsit of E}ieefﬂo&!bﬁ&ol lﬁat@ﬁ&hmﬂf all E@ltfdll PRThE6lf iBdst Rhve been
patterns. In.response, at block 607, the list is

r e&iefly Bshawld b@ﬁ@%&é&d@t@ﬁ@e o Suppery fosra newtigula oniel pattern may
hapdlB%idkd by Sindi1Y r&RiRL R &illing automation utility an interface with

the method(s) that correspond to the supported control pattern.
At block 611, the interface is received that includes the method(s)

30  that enable the behavior associated with the control pattern. At this point, the
automation utility may use the associated control pattern methods to manipulate the
element in any appropriate way in accordance with the behavior of the control

pattern. It will be appreciated that the disclosed system, components, and processes
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way; however, a comon usage is to then use the
met hods for the returned control patternto

wonroegreanmsat i cal | y mani pul ate the el enent (e.g. PCUAS2M0B015706
10 I nvokePattern.lnvoke() nmethod to press the button
321 and t hereby display the Help w ndow) . At bl ock
6015ave&n@hle¢1 ¢ meshanisyn &yl which user Bltesfasa elementianay b¢ meds known

su t.s_a particul ar ttern

o uBREyS adeBRint15 An BPnr 8RR, Shotllt difoRogpdihg Wy, for

p@bgﬁ@hﬁﬁﬁﬂnﬁﬂpﬂwﬁ@ﬂatlOn utility may know what
functionality or behavior is 15 expected at a
particul ar p%h%% bave spesificapipn examplss anddatepaevige § complete
ra

5 &{l&g}?ﬁ i34 tté%ﬂ%ﬁ&ﬁah drsr% ?f %1% u?l&p%)sﬁlgﬁ‘ of Hl%%etnﬁgn Since

V\hmtafmmbmrrehenﬁrﬂte muqsmmntcSn Be padé mﬂhbairde@almh]gd}om the spirit
attern. Thus, at block 605, the_ autagmation
P 'Smdqqggpfi,o% e g}vgﬁgqﬁ, t]gﬂg@ym;}onl rgs1§q§[35 the <§a1p}§§{erelnaﬁer %pp ended.
particular control pattern. At decision block 609, a
determ nation is nmade whether the particular 20
control pattern is supported. For instance, the
el ement queried may sinply return a failure if the
requested control pattern is not supported. In that
case, the AT utility nay repeat the query at bl ock
605 with another desired control pattern, or it may
end if none of the desired control patterns are
supported. If the current control pattern is
supported, the process continues at block 611. The
automation utility can query for 25 support of
specific control patterns until all control patterns
of interest have been tried. It should be repeated
that notice of support for a particular contro
pattern may be provided by sinply returning to the
calling automation utility an interface with the
nmet hod(s) that correspond to the supported contro
pattern. At block 611, the interface is received that
i ncludes the nethod(s) 30 that enabl e the behavi or
associated with the control pattern. At this point,
the automation utility may use the associated contro
pattern nmethods to mani pulate the elenent in any
appropriate way in accordance with the behavi or of the
control pattern. It will be appreciated that the
di scl osed system conponents, and processes 14 WO
2004/ 031937 PCT/ US2003/ 015706 have enabl ed a
mechani sm by whi ch user interface elenents may be nade
known dynamically to a user and to an application,
such as an automation utility, for programmtic
mani pul ati on. The above specification, exanples and
data provide a conplete 5 description of the
manuf acture and use of the conposition of the
i nvention. Since many enbodi nents of the invention
can be nmade w thout departing fromthe spirit
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and scope of the invention, the invention resides in

the clains hereinafter appended. 15 WO 2004/ 031937
wOeCTi#SPB03/ 015706 WE CLAIM 1. A conput er - i npCemsaiosd15706

nmet hod for programmatically mani pulating a user

interface elenent, the nmethod conprising: requesting

fr 9 €hédIM:ement whet her the el enent supports a

control pattern, the elenent being of a particular

el ement type, the control pattern describing basic

functi obal i t Y\ coxpogerdmpienentsidumethod for pfogrypmeaticdlly manipulating

el ements; and.if the el n%nt supports the contro

pa?P%eFﬁ?teﬁ‘ﬁ?ﬂ%ﬂP%ﬁti tﬁﬁnleﬁ]é) SPBRERIPE: usi ng at | east one

met hod expos fgubyinkHRne iR WRiMent RabthePih RN Suppdrts BRontrol

control pattern, whereby the elenment is manipulated

bap#terwhe elsmenthsing ofpfpartienlar cbmmend typgaihe epntrelipaiontdescribing

ref erence.to..the el nt'.s type., 2. T .

corit B8 bGP oA ml S es S emgns 4 ¢ e

basi c funct ifahatletn¥ntGApPdrtsIBS coitd] Phttdrd) Madpulating the element

predefi ned nmet hods, structures, properties, o

r
eviyingat Igast ypemetheg gkposed by theemey thitcagesrepdeioghasontrol
“h§52#” the el enment supports a plurality of different
control patterns. 4. The conputer-inpl enented nethod
of claim1l, wheteby thetddamalt ésmatipulatedivanidon isd @gpbiy ofithe
automation utility. 5. The conputer-inplenented nmethod
of SRR HRUE PR TeFie (o B SRRSIER tRS | | ty conprises
an assistive technol ogy product, commanding utility,
automated test script, macro recorder,

h or, .
di ctatién sof BeeeBPUtgF-imglemeed Bsthod of ﬁféfrgﬁ?wbgnrém the basic
6. = l.al 0L
P ppBoERPHn 4ol Bh IR Bt Dingliod, Brkery BB dhics, or

el eventst and the functionality it provides to the

user. 16 WD 2004/ 031937 PCT/ US2003/ 015706 7. The
comput er -i npl enented net hod of claim1, further
conprisBng: TReuasputadinipl@neitbeEmethedwiitlainp| whedeid the efement
properties that can_be used, by an automation utility

t oSUpRPHER PIUsHYY oh fithrerd seHEr] PA¥SBR i nportant to the

user; and

4. The computer-implemented method of claim 1, wherein the element

is manipulated by an automation utility.

5. The computer-implemented method of claim 4, wherein the
automation utility comprises an assistive technology product, commanding utility,
automated test script, macro recorder, speech or dictation software, or command and

control utility.

6. The computer-implemented method of claim 1, wherein the basic
functionality describes a behavior of the element and the functionality it provides to

the user.
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conveying that information to the user. 8. The

conputer-inplenented nmethod of claim1, wherein the
woamiraio3z7pattern is at | east one of a |ist CORPTIUS2IVG/015706

Appl i cati onW ndow, Cal endar, Commands,

Descriptivel nformati on, Dock, ExpandCol!lapse, G aphic,

Gid, &idl fearompeeaingionenad methpdiof claimily further egmprising:

Mul tipl eView, I Rot at i Scrol |, ..

Sel eclto i on, quqgg{l?%ﬁotng m e:la%??n?ta%‘ﬂ?]tlt?’ of'gﬁqu,mes that can be used
Taby eh hietomatiex utilityab gether dfoshhati b i emiet to ®8 imPbER 6 the user;
Z00 9. A conputer-readabl e nedi um havi ng conputer

ex table instructions for perform ng the nethod of
claiml. 10. odhe0mRhE LibARURR!E dEEEHM havi ng

conput er - execut a conmponents for mani pul ati ng an

el ement, conprising: an automation utility configured

to gathegr in ' .t he .

ot or bt on b0y SR Re BiTte R nEl R blaih 1o phersin the contrl
el Pif&lﬂtﬁf SURE déﬂ&st @igtod maFt ant’f]diﬂgl: ItA)pplieittﬂ%tW’iblt‘l(b\h,e_Calendar,
configured to nmani pul ate, the el enent ueryin i
whEPREIh D SrBRBIT TSR Dok Eonendsiolisake Gremhic id

5 oG RRRRPH Ahicfiftidl I S Bt dla MERRIIES, MileBvhlle

control pattern. 11. The’ conputer-rea
c| BRotatidn, Sonig rSelaction Setrotionltedm, Swat, Splity TablepFitdelteng Text, Value,

meagns for describi t.he behavior of an element. 12.
Thgﬂwﬂhﬁé?@?uq%ggﬁgg%ﬁaﬁﬁ?un1of claim10, wherein the
control pattern defines structure, properties,

events, and t hods supported by the elenent. 13. The

conput ef- r ead AP UEREAFAIAPISMGiYN having copmprist FracHiable
el : [ t:..control patterns. 17
SR oS RS B R b Bhint 90 T O

conput er -readabl e nmedi um of cl aim 10, wherein the

aut omat j@n uii i | dBtle L Efurh ; an
interf a!(l:ée! asléoég P?tégég%vadtg et%%e co%? ‘r”gk %&ggﬁtte{érg%e,%ﬂgﬁlee
I nteenponentsder manipeltingadelbmettheorepégi@nt i n response to

the query whether the e|lenent supports the control
pattern. 15. WO@BW@FY F@giz%’ﬁ?‘ﬁtor%g}eﬂ Hifgrmatiogjahpytgn
WNEERkAY, HGnRLAIEN beind el HiindNa BRIpELt 3¢ o element, the

human-readabl e text stored wthin a p
pr apenaiiasytility being funtirer cemltiinédtotreattipuletedhe ¢lamentdbyaquerying

attribute of the elenent. 16. The c ut er - r eadabl e
retPeiibaRe Blemien 8PSt bR A b Gegtpu g e clement
el RMRBdrd ERERViIS @S cottdlpaRémOn about the el ement that,

if conveyed to the user, inforns the user about the

el ement .
11.  The computer-readable medium of claim 10, wherein the control

pattern comprises a means for describing the behavior of an element.

12.  The computer-readable medium of claim 10, wherein the control

pattern defines structure, properties, events, and methods supported by the element.

13.  The computer-readable medium of claim 10, wherein the element

supports a plurality of control patterns.
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17. A conputer-readabl e medi um encoded with an

el ement, conprising: a plurality of properties
wodentosfosrng i nformati on about the el enent, t RET/US2003/015706

properties being capable of being conveyed to the user

by an automation utility; and a second field | _

i denti f ¥4ng Shecenpyerisadabie mefiupreficdaimsl0, sderein thetaptpmation

pat i 2| ' Wi t h i C A2V O f
LAY %3RS e DB SRRl
17patwing1ted thtdrhee peiag estinines by G @emss ih viiponseea dalery whether
text strings. 19. The conputer-readabl e medi um of

c| Brerplengent SEnpogs e gatrpl s r eadabl e t ext strings
further conprise informati on that describes the

el ement such_that the conveyance of this information

i nfoornsl& ushe epseRiterieadablemedivm gitplaimhll), wherein the element
co e | . . .
couthioh SRS WREh IS firpd i ARG bropertics,
evthethamaandadiblelodseftipaoaaditibutc o€ theadl@nant . 21. The
conput er -r eadabl e nmedi um of claim 17, wherein the

control pattern conprises a neans for describing

basi ¢ fusct i Phatdrhpuiireadabdd @bBiIRi oflfaim 15, wherein the attribute of

the element comprises information about the element that, if conveyed to the user,

informs the user about the element.

17. A computer-readable medium encoded with an element, comprising:
a plurality of properties identifying information about the element,
the properties being capable of being conveyed to the user by an automation utility;
and
a second field identifying one or more control patterns, each control

pattern being associated with a particular behavior of the element.

18.  The computer-readable medium of claim 17, wherein the properties

comprise human-readable text strings.

19.  The computer-readable medium of claim 18, wherein the human-
readable text strings further comprise information that describes the element such

that the conveyance of this information informs a user about the element.

20.  The computer-readable medium of claim 17, wherein each control
pattern describes structure, properties, events, and methods supported by the

element.

21.  The computer-readable medium of claim17, wherein the control

pattern comprises a means for describing basic functionality of an element.
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