ADJUSTMENT MECHANI SM5 FOR VI RTUAL KNOBS ON A TOUCHSCREEN | NTERFACE
Background 5Touchscreen interfaces are becom ng increasingly popular as a
means for providing a user with graphical and textual information and
accepting input via direct contact on the touchscreen fromthe user's
finger. Most smartphones and many personal conputers utilize touchscreen
technology 10 to provide efficient interaction with users. A touchscreen
interface essentially provides a program designer a blank canvas wi th which
to display ahRJULTMERT MECQRANTSYS aFOR ' CIRTUAL dAPOES | O ANTOYCHSCRERN | nput
directly on that depiction at any desired input |ocation. The displayed 15
graphi cs and text on a touchscreen IHIERFRACE nmay be dynanmically altered at
any desired tine along with the nunber, type, and positioning of input

| ocations through which input is accepted fromthe user via finger contact
with the tBRekground. 20Thi sversatilityprovi dedbytouchscreen technol ogy
presents training op&gg%yqé%igg Lntmhich various control panels and
instruents may be sinilated oh &h TEFEEEFSNi T YePCES ™A ny @ dttASEY een.
For exanplgopwlid:cradt acaekpist fdstptsendaid oA Ry rbe i ad et @ aad®
tabl et conmputer or flat screen panel utilizing a touchscreen interface.
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virtual butriterfimye besdesphayed ardiRlQPes program designer a blank
canvas with which to display any desired graphical and
textual depiction and to accept input directly on that
depiction at any desired input location. The displayed

15 graphics and text on a touchscreen interface may be
dynamically altered at any desired time along with the
number, type, and positioning of input locations through
which input is accepted from the user via finger contact
with the touchscreen.

20 This versatility provided by touchscreen
technology presents training opportunities in which various
control panels and instruments may be simulated on an
electronic device having a touchscreen. For example,
aircraft cockpit instrumentation may be simulated on a

25 tablet computer or flat screen panel utilizing a touchscreen
interface. Moreover, cockpits in actual aircraft may
additionally trend towards the use of flat screen panels
having virtual avionics displayed on a touchscreen. In a
training environment, various flight operations may be

30 simulated for a pilot or crewmember on the virtual
instruments displayed on the touchscreen. These types of
simulations may be particularly realistic when the

instrument being simulated utilizes buttons for receiving



| ocation on the virtual instrument where it would be |ocated on the
correspondi ng physical instrunent. A user, such as a pilot or crewrenber,
may touch the touchscreen interface at 5 the location in which the virtual
button is displayed. This contact of the user's finger with the touchscreen
interface at the location of the virtual button may be interpreted as a
physi cal press of the correspondi ng button. However, when a virtual
instrument sinmulates an 10 instrument that utilizes knobs that are

physi cal | yidgirned by aypit @41 oo aitMTERROr , bé hel tywrdidrensiconal sispdati on
of the virtual knobs on the touchscreen interface may not be physically
turned in (¢ hEnthedn i ey eht il altsiatundirte ettt trenkst ol kb 1&Cakrded.
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slider .may pop up in the center of the touchscreen jnterface. The user may
then sPi deﬂge ﬁ?fgae t20 Yeft Joc(fah rﬁ?ﬁtvja‘fto %%tfsc?r? de? JoSEg]g?%%%-' t he'*S
paranmet er cirLspandi fget gsthesvicityal kneh itha wdwdd sfrd@nefic@scadet he
knob were being turned cl ockw se or countercl ockw se.

Ther ear el iafi tdt¢ oheod t hehi sfypeef viimtapdcbiudi o e va R4 rinieg T Ei st

the i nput I nor. 25 realistic.Sld diag & ddngers linsarly al ong a two-

di mensi on chscreen surtace is e actual physical
turning of a three-digensimonalvhknobs Addittibanal hys; rithent ocdtudrties wan ch
the slider, is displayed may not be the sane | ocation as tﬂe vi rtual knob.

As a f8sul¥sHHESTEert By tilyt Wedes dmP ittt it AAT% BRYSECT btht FOHhrPhg

sel ection ofpitiha contdoly,nandk £ heth Physd Cal ham dDyea i SipR1 beloh i Agesnso the
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physically turned in the manner in which an actual three-
dimensional knob is turned. According to a conventional
15 method for simulating input to a virtual knob, the user
selects the virtual knob displayed on the two-dimensional
touchscreen interface. 1In response to the selection of the
virtual knob, a slider may pop up in the center of the
touchscreen interface. The user may then slide a finger
20 left or right along the slider to adjust the parameter
corresponding to the virtual knob in a similar manner as if

the knob were being turned clockwise or counterclockwise.
There are limitations with this type of
interaction with a wvirtual knob. First, the input is not
25 realistic. Sliding a finger 1linearly along a two-
dimensional touchscreen surface is not similar to the actual
physical turning of a three-dimensional knob. Additionally,
the location in which the slider is displayed may not be the
same location as the wvirtual knob. As a result, the user
30 may make one action at a first location during selection of
the control, and then physically move his or her finger to
the second location of the slider to adjust the control.

This movement is not realistic, may create input errors due



to relocating the user's finger, and may undesirably divert the user's
attention fromperformng a primary action as he or she | ooks down at the
touchscreen interface to locate the slider after selecting the virtual
knob. 5It is with respect to these considerations and others that the

di scl osure made herein is presented. Summary It shoul d be appreciated that
this Summary is 10 provided to introduce a selection of concepts in a
sinplified formthat are further described belowin the Detailed

Descri pti ofo J@iéc@m@ryhésue@&'isntf@ag@@_l,t@n@e isedid@edi M1 § hei seppe of
the claimed subject matter. Methods and conputer-readable storage nedia 15
descri bed Hes eilpeprovadecnbronhéres| perifvsndnsplap wimaanndd@idmma heons
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contact are also distinguished 0 provide for device state changes and
corresponds higdevit rd firad r kdwobe @di ug turent sl rtAccioridislg. to one 20 aspect, a

conput%r-inplenented nmet hod | ncludes providing a representation of a gevice
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virtual knobdmy he detigctetscaid i fLRPANSS 1 AN ANl M d put | con may be
positioned around the virtual knob for accepting user 25 input. The user

input to the virtual knob via the annular input icon may be detected and a
correspomgdmhga!ustnent made to the device. _ o
Accor di ngt raspect, aconputer- inplenmented nethod includes providing a
representation of aIt should be appreciated that this Summary is
10 provided to introduce a selection of concepts 1n a
simplified form that are further described below 1in the
Detailed Description. This Summary is not intended to be
used to limit the scope of the claimed subject matter.
Methods and computer-readable storage media
15 described herein provide for the selective display of
annular input icons on a touchscreen interface for
adjustment of virtual knobs. Types of user contact are also
distinguished to ©provide for device state changes and
corresponding virtual knob adjustments. According to one
20 aspect, a computer-implemented method includes providing a
representation of a device with a wvirtual knob on a
touchscreen interface. The selection of the virtual knob
may be detected, and in response, an annular input icon may
be positioned around the virtual knob for accepting user
25 input. The user input to the virtual knob via the annular
input icon may be detected and a corresponding adjustment
made to the device.
According to another aspect, a computer-
implemented method includes providing a representation of a
30 device with a number of wvirtual knobs on a touchscreen
interface. A selection of one of the knobs may be detected,
and 1in response, a state of the device may be changed. A

second selection of one of the knobs may be detected, and in



30 device with a nunber of virtual knobs on a Louchscreen interface. A

sel ection of one of the knobs may be detected, and in response, a state of
t he device may be changed. A second sel ection of one of the knobs may be
detected, and in response, a determ nation nmay be nmade as to which virtua
knob is to receive user input. An annular input icon may be displ ayed
around the virtual knob determ ned to receive the user input. The user
input to the virtual knob via the 5 annular input icon nmay be detected and

a correspongimeh adj ugt nRMe MBAR it he feNECRiade as to whiRGcoydingaio yet
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t hat, whenkeXecid e byeeetonputer , Iause the Tonplaerinpuiprbverianay 10e

represent at i ith_a punmber aof wvirtual. S O touc reen
e er face LREERLed SESUTE hb B SR chaR by e i e e TR
response, tdwer viihpual. knohet aageceinputselo | tipat vimay dad dehes nmvied. t e
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i nput iconggihedew oo dmy: be-adjustgd accordingly. The
features, functions, and advantages that have been di scussed can be
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executed by a computer, cause the computer to provide a
10 representation of a device with a number of virtual knobs on
a touchscreen interface. A selection of one virtual knob
may be detected, and in response, the virtual knob to
receive user input may be determined. An annular input icon
may be displayed around the virtual knob to receive the user
15 input. After detecting the user input corresponding to the
annular input icon, the device may be adjusted accordingly.
The features, functions, and advantages that have
been discussed can be achieved independently in various
embodiments of the present disclosure or may be combined in

20  yet other embodiments, further details of which can be seen

with reference to the following description and drawings.

Brief Description Of The Drawings

FIGURES 1A-1F are display diagrams illustrating
25 aspects of a virtual knob adjustment process associated with
a device depicted on a touchscreen interface according to
various embodiments presented herein;
FIGURES 2A and 2B are display diagrams
illustrating aspects of a virtual knob state change process
30 associated with a device depicted on a touchscreen interface
according to various embodiments presented herein;
FIGURES 3A and 3B are display diagrams

illustrating the positioning of an annular input icon in



Brief Description O The Drawi ngs FlIGURES 1A-1F are display di agrans
illustrating 25 aspects of a virtual knob adjustnent process associ ated
with a device depicted on a touchscreen interface according to various
enbodi ments presented herein; FlI GURES2Aand2Bar edi spl aydi agr ans

illustrating aspects of a virtual knob state change process 30 associ ated
with a device depicted on a touchscreen interface according to various
enbodi ments presented herein; FlI GURES3Aand3Bar edi spl aydi agrans illustrating
the positienipenof an ammal delielRYbni CON BN vi FESPONKRLO dheasehegidoOn of
a virtual knob of a device depicted on a touchscreen interface according to
vari ous endRl #ed s Opr ederft@ififerisior, interface accqA@URE 40i svar FPww

di agram s i Ng: ej vi ng user input at a touchscreen

i nt erface%%%?ld?enrg@ét ?v%%%%%& gr?n%foedllr{r}ents presented herein; and FI GURE 5
is a conputer architenture di agr am show ngiagrahl usiawdiniovea corphiboelr of

har dwar.e and sof t ware architecture for a coanuti ng system arE)abIg of
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various embodiments presented herein; and

FIGURE 5 is a computer architecture diagram
showing an illustrative computer hardware and software
architecture for a computing system capable of implementing

10 the embodiments presented herein.

Detailed Description

The following detailed description is directed to
facilitating user input for a virtual knob on a touchscreen

15 interface. As discussed above, touchscreen interfaces are
becoming increasingly popular for use with a vast number of
applications. Examples in the aircraft industry include
using touchscreen devices to simulate instruments and
controls for training purposes, as well as for actual

20 instrument panels in aircraft cockpits. While extremely
useful 1in providing the wuser with the flexibility to
customize a particular touchscreen interface as desired,
touchscreen interfaces do not adequately simulate the act of
adjusting a physical knob.

25 Many aircraft instruments and other devices
utilize three-dimensional control knobs that a user twists
or rotates to provide control input. Because of the two-
dimensional depiction of a three-dimensional knob, a user is
unable to adjust a virtual knob in the same manner as he or

30 she would adjust an actual physical knob. As a result, a
conventional simulation on a touchscreen interface may
initiate a secondary interface such as a slider when a

virtual knob is selected for adjustment. The secondary



Det ai | ed Description The follow ng detail ed description is
directed to facilitating user input for a virtual knob on a touchscreen 15
interface. As discussed above, touchscreen interfaces are beconi ng

i ncreasingly popular for use with a vast nunber of applications. Exanples
in the aircraft industry include using touchscreen devices to sinulate
instrunments and controls for training purposes, as well as for actual 20
instrunment panels in aircraft cockpits. Wile extrenely useful in providing
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the sa manner as he or 30 she woul d adjust an actual physical knob. As a
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For example, a user may rotate his or her finger around an
annular input icon provided around a virtual knob just as he
or she would do with a traditional knob or wheel of a
20 conventional instrument display. Utilizing the
corresponding software, a processor of a computing device
recognizes the user input with respect to the wvirtual knob

and initiates the corresponding device response.
As wused throughout this disclosure, the terms
25 “touchscreen interface” and “touchscreen” may refer to any
capacitive display device or other interface surface that
allows a user to provide input to a corresponding device or
system by interacting with one or more virtual controls
represented on a display surface using a finger, stylus, or
30 other mechanism. A “virtual knob” may be any representation
of a three~dimensional physical knob or dial on an
instrument or device. User interaction or manipulation

provided to the wvirtual knob (i.e., wvia the annular input



20 conventional instrument display. Utilizing the correspondi ng software, a
processor of a conputing device recognizes the user input with respect to
the virtual knob and initiates the correspondi ng device response. As used

t hroughout this disclosure, the ternms 25 "touchscreen interface" and
"touchscreen"” may refer to any capacitive display device or other interface
surface that allows a user to provide input to a correspondi ng device or
system by interacting with one or nore virtual controls represented on a

display surtase usiskgideld ngerowst ykdsiter 30 gt hersimmehanhsm Ad viktual
knob" may be any representation of a three-dinmensional physical knob or
di al on anStRstiupndcviceedreeciaked Whilerdes i ohriora i ati on provi ded

to the virtual knob fﬁ'%he %E%l%&%nﬁn H%ﬁdk%£Q§eséfﬁ j19$50£épg€%9§%g“0
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are nm to the_acconpanyinhg drawings that forma part 5 hereof, and which
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elethgni%éﬁ?gé¥éhggggesented on a display surface using a finger,
stylus, or other mechanism. Examples include, but are not
limited to, a tablet computer, an electronic reader, a
touchscreen desktop or laptop computer, a smartphone, an MP3
or other digital music player, and a touchscreen panel such
20  those used within an aircraft or other vehicle cockpit or
simulator.
According to this embodiment, a representation of
a device 102 is displayed on the touchscreen interface 100.
The device 102 may be any type of electronic device having
25 one or more controls, such as knobs, wheels, switches, and
buttons. For clarity purposes, the various embodiments
described herein will be discussed with respect to a device
102 having two virtual knobs 106A and 106B (referred to in
general as virtual knobs 106) and two corresponding control
30 displays 104. The control displays 104 may provide text or
graphical data corresponding to the positioning of the
virtual knobs 106. For example, the device 102 may be an

aircraft communications radio in which a virtual knob 106



25 one or nore controls, such as knobs, wheels, sw tches, and buttons. For
clarity purposes, the various enbodi nents described herein will be

di scussed with respect to a device 102 having two virtual knobs 106A and
1068 (referred to in general as virtual knobs 106) and two correspondi ng
control 30 displays 104. The control displays 104 may provide text or
graphi cal data corresponding to the positioning of the virtual knobs 106.
For exanple, the device 102 may be an aircraft comrunications radio in
which a Vlrﬁz\%\%%e knody 108 Ry e usedi d ocd unesgdie: £ adi ord Quenspeciiien
frequency, ich may be di splayed on a control display 104. In
this exanplay khedispiaiggd kytobs AOE Gy dlaah dncl a reference position
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106 may al so include a state indicator 110 or control |abel that identifies
one or noreesttat@s asdockabved Wit es hehpant ilcul BFGYRE t b&) Kish 408trThe
state indi 110 nmay.provide_a,l1l5 user with an identifjcatio first
state andrgg%g%%nﬁgs?gte ggso PAsa°Ri R ?%%EVHTVﬁﬁi E%%%ei%%¢ #hg£% Ftua
knob 106 may detpushed oncpulbedgt @oswalrdlubetareeid i tfd r sthandi secand
states before an_adjustnent is nmade wi.ithin the selected state through a

cl ockvilse ‘BIoRouAlEr divtkRies et LiRed 26 16F FHe kneh. counterclockwgge ekanpl e,
according 40.one enbhodient, the device; 1021 gy i figh uderan. ai pesgdt16adi o
conponent . e state indicator 110 for virtual knob 106A may be represented
as " OPER/ @A, 21l swhiohcludk catesate disertehat 19 her vionuadl 25akabbt1@BA may
be pushed_ﬁgeg%u%ed to switch between "OPER' and QCALLQ gﬁgtegrggfg e
Lur i ng t RSV FHUATS KI6D TSR 10 B UeT THE T At &0 sBEth nge | KT BaCR BTt he
two stat esziddushouhdbbe cappr egnat esk 4 that ihbe ceeneeptso desor idhed ey ekn are
not limted to this or other specific enbodi nents. Rather, 30 a touchscreen
i nt er flace WERF n&ytldi $p1 ayAedyt oran@ft ypef Dfstdevfeke ool a second

simultaneqlislye FaEBcdaykae 102, Mol NALMdR ANk BYMefe of Mikd Ual  kRgbs
106. Each virtual knob 1 may be used to adjust one or nore control
par anet er skriab drie6 gray be pushed or pulled to switch between the first
and second states before an adjustment is made within the
selected state through a clockwise or counterclockwise turn
20 of the knob.

For example, according to one embodiment, the
device 102 may include an aircraft radio component. The
state indicator 110 for virtual knob 106A may be represented
as “OPER/CALL,” which indicates to a user that the virtual

25 knob 106A may be pushed or pulled to switch between “OPER”
and “CALL” states before turning the wvirtual knob 106A to
adjust the radio settings in each of the two states. It
should be appreciated that the concepts described herein are
not limited to this or other specific embodiments. Rather,

30 a touchscreen interface 100 may display any number and type
of devices 102 simultaneously. Each device 102 may include
any number of wvirtual knobs 106. Each virtual knob 106 may

be used to adjust one or more control parameters in one or



nore states.ln other words, a virtual knob 106 may sinul ate pushing or

pul ling of the knob to change states prior to adjustnent as descri bed

bel ow, or may sinply be rotated to adjust a single paraneter within a
single state 5 without an option to change states. Referring to FI GURES
1A-1F,an illustrative exanple of an adjustnent to a virtual knob 106A wi ||
be descri bed according to one enbodinent.To initiate the adjustnent, FIGURE
| A shows a user tapping the virtual knob 10 1061\ with his or her hand 112.

In this exaipl e.sdhedirtugl, knohe1063,1$s Noty beijng adj ughed angswidd,
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action. Theowesdd etboaaltier heisiqite wirdhecytriiahiknab sifeAe state
(corre%pondj ng to a push or pull of a three-dinensional knob) may be
i dent i Pi ed”¥Y8iH arf @Rl CorithactInitifttte 20 virtual knob 106A, such as

pressing the virtualgpknob 106A apd maidiAini ngaconpt act, Wt {he fouchscreen
interface 100 for a brief pre-determ ned period of tine. This extended
contact widdanyeld | bdstarat edjartimdescrided belowad t kinpbspettA t g 1ELGURES 2A

and 23. Tth Sdcers.ibre to adj %st th@ par amet eé %5 as?oci at ed witE,t e knob
(corr esponth Ng t& @ FOCAEToA or "¢ wiktS ngm8P A FRtee- dimens dhaf Eno%?e may
be identifd®ethJurame, teppimg ok bhbeE sonkaet twd righe nd rdad uddnobn I6A.
Tap icon 107 wil] be used in the figures to identify a tap or brief contact
of a fiPngerd Gt Wity UstorPa Wa% thaild khbb 1062 tehis efample, the virtual

knob 106B is not being adjusted and will remain unaltered.
Because the virtual knob 106A is a two-dimensional
representation of a three-dimensional control knob and
cannot be physically pulled, pushed, and rotated,
15 embodiments herein distinguish between various types of
contact from the user to determine a desired course of
action. The desire to alter the state of the virtual knob
106A (corresponding to a push or pull of a three-dimensional
knob) may be identified from an extended contact with the
20  virtual knob 106A, such as pressing the virtual knob 106A
and maintaining contact with the touchscreen interface 100
for a brief pre-determined period of time. This extended
contact will be illustrated and described below with respect
to FIGURES 2A and 2B. The desire to adjust the parameter
25 associated with the knob (corresponding to a rotation or
twisting of a three-dimensional knob) may be identified from
a tapping or brief contact with the wvirtual knob 106A. Tap
icon 107 will be used in the figures to identify a tap or
brief contact of a finger or stylus on a virtual knob 106 to

30 initiate an adjustment of the virtual knob 106.
A processor executing software associated with the
display and operation of the device 102 recognizes the tap

on the wvirtual knob 106A and in response, provides an



30 initiate an adjustnent of the virtual knob 106. A processor
executing software associated with the display and operation of the device
102 recogni zes the tap on the virtual knob 106A and in response, provides
an annul ar input icon 114 around the virtual knob 106A as shown in Fl GURE
1B. The annul ar input icon 114 visually identifies an area around the
virtual knob 106A being adjusted in which user input will be recognized.
The 5 annul ar input icon 114 may include a ring of any dianeter that

enci rcles 4, viF tugh, knok 1067 Asogeenid H QURE 18,04 e gonid agndpput

icon 114 may have a shading, color, or pattern so as to nore clearly

hi ghl i ght ihe Bf€dR@r olRd t heThiert aanukash 1OGAL n Mvrch tle usesuarayy
contact to. e. the 10 desired adjustnents. According,to on di t,
The annul At RNEA T o 18 1 t PARITont Sl n GFABr 1t S<aTP on R e Sy T
under |l yi ngadexdted grmapkhesht oubervi shbhe whern t he amagbahizBput | chie 114
is displayed around the virtual knob 106A. 150ne benefit of displaying the
annul aP i gt iTonieruti 4c8 Vildialey itasatiPey a helly eaff 31y MptRME 62t he

user. Another: henefitids that,fhe, v ntual knobs 106 tmy, be, siathad eds,

according to the actual size of the correspondi ng three-di nensional knobs
whi | e provilti ngnaddieti omadutspacen 20 1dr ouad hheekrrobshédinghe agderr,t oondj ust
t he knobs. W.thout the apnul ar input icons 4 i di spl ayed around the
Vit 08, o4 57 Pl CRRoBCROG ARS8 He IS ayard ek e
signi fi cantidy-Jar gefoknobeh han WhscEOEReSpeRE Rgh i ef-ditTensimad the
counterpart in order for the 25 user to accurately adjust a virtual knob
106 by Or ot3fSiFEhi SBuHErETinger AACERELRCr t & RABb FRRefimemy, the

representing the vi | bs 106 l.oSi-ze W th @qﬂ@m Fpput
icons 114 displayedﬁggguﬁggﬁhgléng s?rgégﬁﬁgﬁﬁksqﬁ}é§2¥3egxahl e nin?nizing
t he screerrrgpacedeseyinwgenternderr ng rielpdi3G déewvi cee 102 sarpltchewheuchsloe een

interface 100. , . Turning to Fl GURES 10 and , the adjustnment of
the vi 1t udi" RO TOWA Wi 1 PoBe  Hho LR BT FOFGr PSR derRld i GURE 10°Shovs
t he user adjarsting the virtual knob 106A by placing a finger on the
annul ar i nput icon 114 and slidin% the finger in a clockw se direction
around>t he virtual Kivh 1o8afiThelprdcassoring | Fheepaatlefe dndifat £cednt act

between the finger,apdsfhe; foughsereen hat enface 100 and the tne user.
Another benefit 1is that the wvirtual knobs 106 may be
simulated according to the actual size of the corresponding
three-dimensional knobs while providing additional space
20 around the knobs for the user to adjust the knobs. Without
the annular input icons 114 being displayed around the
virtual knobs 106, a virtual knob would need to be
displayed as a significantly larger knob than its
corresponding three-dimensional counterpart in order for the
25 user to accurately adjust a virtual knob 106 by rotating his
or her finger on the virtual knob itself. By representing
the wvirtual knobs 106 in actual size with the annular input
icons 114 displayed around the knobs, realism is preserved
while minimizing the screen space used when rendering the

30 device 102 on the touchscreen interface 100.
Turning to FIGURES 1C and 1D, the adjustment of
the virtual knob 106A will be described in further detail.
FIGURE 1C shows the user adjusting the virtual knob 106A by

10



5 correspondi ng noti on around the annular input icon 114. C ockw se
rotation of the finger will be interpreted as rotating the virtual knob
106A in a clockw se direction, and the paranmeter associated with the
virtual knob 106A (i.e., radio frequency) will be adjusted accordingly.
According to 10 one enbodi nent, the representation of the virtual knob 106A
may be rotated concurrently with the finger novenent in the correspondi ng
direction, just as if the user were rotating a physical three-dinensional

knob. FI GfEdhghewsiagsiMohar nadj dstument , i Rytt | Acbhe 16aunter cd pekwge
direction. The 15 annular input icon 114 may renumin displayed on the
t ouchscr eef’$ nfEr§aEeln08 £dPCKBEERVIAGeGEePN BFGungnttine rdnpved byehe

user, as shoyn inpE C%Bﬁfi . 1F. ser
agai n tapping the v%r ua i%o%%A.d teec%tus%h? haeré;dna%#qgcréﬁn%%@ec%ﬁ@el 4 1is
al ready 20chk spfayedr oreridhe tlouchsordesc dadrer fiaces e t HO Wevdrce cond r ol
application execute t he .processor recogni zes this t aE‘Fas, an in i uction

. b
to remdve THe At ngnﬁl‘fttlioélonaﬂﬁngi nceS adi et ifent 18P %hel 9Pt uat ® knob

106A is nacilongersdesiohadiofs seendd FLEYRE Lfi11 hepr 9ﬁ€§§ﬁEeE@§pQ‘9§S to
25 the second tap (the first tap triggering the display of the annular

i nput i conratadiny Flearovh Hgiahekrarnul GeA i Hpud ¢ korkyilse f¢iormetheor oudm@cr een
i nterface ,100. u r.adpus t i I b be. desi red,

t he user \A%huﬁ dp%:fgﬂ%ﬁee;dé%??gaggggb%%prtg{ uggy%ﬂﬁeggokhggp&#gﬁng%h%m ar 30
i nput 1 conredid afwk@djrust) acicor dngldfusted accordindirni NgAdoo F GUIRES 2A
and 2 an illustrative exanple of a state adjustnent of a virtual

b
10611%%1 | 1°T5e %IEE%?}IPJ%EF'acElg%)dFﬁ@r?6%%%%08%&5‘? VAL tdhede UERNY 5@%&

various i nplenent abt ORSy MBYnERsLULE @ Wi Ehudhekrah (k06 fhaindmy e used to
adj ust one or nore paraneters in two different states. Wth a conventi onal
t hr ee- di meresi FRiOTkhioly oht et tel ot riorite afevi et he hes «hote rayr dea cond | gur ed

to 5 be pr d. i;nward to,control par anmet e rding.to a first. te
and pul | eé)%f})as’telv\%arld o con lrH(‘)efnSalopnaar arr]grt“gir)' ac(r%?;gl%%gtho%eg1 “Secon %%%1?%.9 It
I S possi blaeltustmentiknobueoul 8 behpusath tand Jud dweisd hough tary .nunbele of
st ops ?r positions to control paraneters in nore than two states. 10
Accor dP ng AR RE enbddirent CO8 vildéualm&hobt $08 Fay CSBRUPAEE aOn  the

three- di mensjonal &kihpb;gapable-of1 @dj usti Ngea.Pak aget &fe,aCqaRdiNg £ 0; 1
mul tiple states. FI GURE 2A shows one inplenmentation in which a
user appl irescareexterided wEn,acts ahdwre troucHEgEeN B et flace 100

FIGURE 1E shows the user again tapping the virtual
knob 106A. Because the annular input icon 114 is already
20 displayed on the touchscreen interface 100, the device
control application executed by the processor recognizes
this tap as an instruction to remove the annular input icon
114 since adjustment of the wvirtual knob 106A is no longer
desired. As seen 1in FIGURE 1F, the processor responds to
25 the second tap (the first tap triggering the display of the
annular input icon 114) by removing the annular input icon
114 from the touchscreen interface 100. Should further
adjustment of a virtual knob 106 be desired, the user would
tap the desired knob to produce the corresponding annular

30 input icon 114 and adjust accordingly.
Turning to FIGURES 2A and 2B, an 1illustrative
example of a state adjustment of a virtual knob 106A will be

described according to one embodiment. As discussed above,

11



15 at a position on a virtual knob 106 to trigger a state change. Sim | ar
to the tap icon 107 used to represent a tap or brief contact of a finger or
stylus on a virtual knob 106 to initiate an adjustnment of the virtual knob
106, an extended contact icon 207 will be used in the figures to 20
represent a press and hold action taken by the user to initiate a state
change corresponding to the virtual knob 106. As seen in the exanple shown
in FIGURE 2A, the state indicators 110 of the virtual knobs 106A and 1065

i ndi cate thatibeshigpnenehsatiénPosbli enedubr @ fiinsty8t atey 11025 8h0ul d
be understood that the state indicators 110 may be configured to

dynani cal |524i spf ay i it r est] Usttat €n6f Phie BOrPespandiagevErt bal kveb 106
as the st } i fded,.or - onfigured. taty ly. di he
Bvai abi ¢ o ot 5 Bsscor e wi h the i FPOAr kione o8 faurhatuler b
per f or m ankexit endedncentattrpnor depiess ahe holab actyi diy o fheawédt val
knob 1%6A ki)é\ order to trigggr a state cgange of the knob. As seen in FI GURE
25, thé procesdst SFEspbRtc o theCa8RtBRded cBALAEETEA VATIUAIINY kifGh 206A
by alteringitdie sdedee ofadde puintddal oknreh rH06Af rephtheifigstystatectp the
second state. According to one enbodi nent, the state change may be visually
i ndi cat ed 3 EHANGE ian $hecrdl 6tatshadi A, i6r patsEvke ofhehe avi kol

knob 5 1064, |1 cngpg i h tate indicat 10.. After_ altering
the state ofut ew\g/i rptu%g]le%kno 1@%%\?6% r%gt%t??ﬁ%t oﬂghe%fuﬁ}%es% ggatsetorpasy e nmade

in an i demd<dlioremnép, spectdl cablypmei-aran ext ended €iont actvoM §hatde.
virtu A. Moreover, an_adjustnment, of the virtual knob 106A in the

l. knob 10(? ,
10 seggndrks%%?% Y b MR IHe Bame? mahnere delseeh bEde dhdves W h3 Fespect

to FIGQURES 16h#Ee-dimensional idvflesgphbed ahoveqsan: exgended,contact with
a virtual knob 106 may trigger a state change that remains until a second

ext ended csRAEing t1P thel vdipkauadtadrsh 106 15 returns the state to the

original state or c tﬁe state to yet fenrr(l)thertlséate. A}(&:C rdin tg an

alternative embodi nent. ah ‘extended Tont act WEh & Vit tal "khob PayS©

t enpor ar i lappdhiggenrt hex tsdratead afortthe- e cehast d@rigs @sedhei wi &t Bate KNod i s

hel d, Agfm %H:I may sinulate a button press. In 20 this alternative enbodi nent,
ti

any p af Kb el b& comf iVgurted lt okPeRpok® i £y chakigeet r ém atetest
state to arseeend ale As donhas e knob ds held & et ni ngnt Oat?%&f' rst

state upon release of the virtual knob 106. As an exanple, a virtual knob
106 of a eemAmicdatdortaddial rayf bey2s condti guredrt o2 dv spteyl anannud ar

input icon 114 for receiyving,an adjustment to the frequency, or lume_with
a tap action, “whiTé bei g c%%wsggrpélagasog ttrha%sr‘ﬁj*trtbll.?& o%nﬁ?atliﬁrgy 3"
pressed amrttheldtdycantset tiechr ansm tyialvai€euseAMuni cahk 0 igualed heo
sel ec%ad frequency. Upon rel ease of ,
represent a press and hold action taken by the user to
initiate a state change corresponding to the virtual knob
106. As seen in the example shown in FIGURE 2A, the state
indicators 110 of the virtual knobs 106A and 106B indicate
that both controls are positioned in a first state. It
25 should be understood that the state indicators 110 may be
configured to dynamically display the current state of the
corresponding virtual knob 106 as the state is modified, or
may be configured to statically display the available states
associated with the virtual knobs 106.
30 The user may perform an extended contact, or a
press and hold action, on the wvirtual knob 106A in order to

trigger a state change of the knob. As seen in FIGURE 2B,

the processor responds to the extended contact on virtual

12



30 the virtual knob 106, the virtual knob 106 may again be tapped to
trigger an annular input icon 114 for adjustnent. The virtua
knobs 106 may be further configured to "tenporarily" or "permanentl|y"
change state in response to an extended contact depending on the period of
time in which the knob is held or contacted. For exanple, the virtual knob
106 may change state and renmain in the new state in response to the

ext ended contact being held beyond a 5 threshold period of tinme, even if
subsequent kyol ell@agedoy Théterthyalthenobt 406 wdy tlenpotatiuhy changel®6ra

di fferent gtate whil.e the knob is held, but return to the orjginal state
upon rel eabe”Bf “PRefkRSb PheF&spOnseet e exiieided dUiUEBeiHy Aefd for

a period ofmbédBudet Weene asti e 404 &P et ed, 85,21 1 @Pi AR L "Bia a
corresponding to the threshold period of tine discussed above. It should be
under st oodchdrge t e tomceptsr destrdbed her epataeennof the vedteal akyob

particul ar figuration_of the virtual, knobs 106, wi.th resp to eriod
of ting inlﬁﬁ?bhggx?%%ge%gl% %%%?%%tl?st%%t%g?%%.l?@ﬁ?@ﬁ?rtﬁgébar%?%g ar
conf i gur atad bre mmhyg depenst ote the possyblteusCtkosis W)k, respectri ocd henhact ua
t hr ee- di nepsi onal knobs of the device that are being sinmulated by the

virtual k 'ﬁo%t%ﬁet%%yd%@i%%d%02§r%%r%%%%?%ﬂabnm%%%?¥ou%%%%%%éﬁélly
interface 00. 20F QJRES43A apd,33ct! | ysthat e .gn epbadirentyidy, Whgh. an

adjustnment to a virtual knob 106 is only allowed if the adjustnent is
avai | abl e Mps&svehe eor redpoddiamgt stodt etbe thertdevi céndd2. 1A dilsicusked

briefly abov he_ adj ustnent of certain paraneters may be limted to a
parti Ayl ar Sttt 955t ThY HovMeaios” B or Tk SUHUE bICORe br orBo Ve
control s ofitherdgwce dOZFTFEIKRREBAR] lustrates a device 102 having a

virtual knob 106A configured in a second state and a virtual knob 106B
configured in a firdtsS sC&EEriReGsetPeEPs tHHe ¢XFENIR Ikt ueh, wadh a

i ndi cated py-dthe t @RoLCOM A 0f st Ocr?i%g{)err' ggers e dE?Qﬁﬁ%{ Q2N Agput AL
i nput icon 114 around the virtual knob 1065 for perform ng an adjustnent of
t he virtuantkinoba 1663 ondovevesndeat copdiagtt ovitthi stlexamplrepatthenok riQél
knob %968 rienc&rhnes f’cik{éSts‘t:SaEtaé etoi Stﬁgtoggéyﬁéfbégat\:@egr changes the state
to yet another state. According to an alternative
embodiment, an extended contact with a virtual knob may
temporarily change the state of the device as long as the
virtual knob is held, which may simulate a button press. 1In
20 this alternative embodiment, any particular knob may be
configured to temporarily change from a first state to a
second state as long as the knob is held, returning to the
first state upon release of the virtual knob 106. As an
example, a virtual knob 106 of a communication radio may be
25 configured to display an annular input icon 114 for
receiving an adjustment to the frequency or volume with a
tap action, while being configured as a transmit button that
may be pressed and held by a user to transmit a voice
communication over the selected frequency. Upon release of
30 the wvirtual knob 106, the virtual knob 106 may again be
tapped to trigger an annular input icon 114 for adjustment.

The virtual knobs 106 may be further configured to

“temporarily” or “permanently” change state in response to

13



the virtual knob 106A is configured in the second state. FlI GURE
33 shows one potential response to the tap on virtual knob 1063 accordi ng
to this enbodinment. Upon 5 determi ning that the adjustnent to virtual knob
106B i s not possible, the processor may determ ne that an adjustnent to
virtual knob 106A is possible and display the annul ar input icon 114 around
the virtual knob 106A. The user nmay then adjust virtual knob 106A using the
annul ar input icon 114 or 10 tap either virtual knob 106 to renpve the
annul ar i npot ekeenddd4contact dependBegosdi tigetpevasdous ehhedinentsch

f eedback be provi de the user in response to providing user input,

or concurre%?l%nﬁ%tﬁjhsg?agnﬁﬁi.C?ﬂ%a?E%%bacHﬂﬁﬁyeﬁagpéﬁkytﬁ§31%19?%® I

such as thenchange inkeokBEngshadizne, Md Pathern af, thee viheluale knobs,as
descri bed above, but may al so be aural and tactile. For exanple, an audible

tone and of“HeViee vidration fayepeedr ovdreticupopeiecei peladf eyapdora
extended coptagt fgo Sgr t Vi | knob 10Q6. Additionall 0 a
clicking sound, ?onegkhn f%rggigﬁa Vonékéﬁ ngpggéfggae&%&X r%?%?%%%gbf a
user's finges uiotndltkeocdnrul@rmanpueémpeoarilg. change to a JdUFPéAGhHOW tO
FI GURE 4, an ééIUﬁt;atﬁxf rgut'ne 400 fér receiving user input to a device
102 represented 8A'25 dtOulRSRrdén Pmterf EE TTF Wit | tRowse @esEFidkd in

detail. |tsshoul dobe appegebatsd dhatiihe | pgi-eab prer ald ans descsibeg
herein with respect to FIGURE 4 are inplenmented (1) as a sequence of

conput er it eHfENt €& 1At shetdprivygr am el @d  adnni hge orbet worrputi Ngisy st em
and/ orjg( 2) 1 @S i r nect machi,;ne | ogi.c circuits or .circujt dul es
Wi t hin théLcoﬁ§%%¢%§g§§$e%% %%g i%%Qen%ntg 8n FSTARRPEEI9f %%orgge
dependent @Wrredte Jpbr berdencecaind iatched 1 s eqeseemesraof t her cemputidngoe

system Accordi ngl t he | ogi cal operations described herein are referred
to vari oust earssn%ﬁ%lirattiq}ﬁ]ts, 1T Ut WM P devi TR Het S, Iterompul @5 Theke

oper at i onsisitTdc tiy aln\dgyd Cesoy BEL S Jodul &5, Ry 08 1 9Pl erent gd, i 0
software, in firmvare, in 5 special purpose digital |logic, and any
conbi nat i o & hEiLEBf . re3pshbulted absedelappréci ated timat whnrce orxfewded

These. Oporatl BRe by ASaChE per 15T MOR 1 A Yo 0T dar* LFaE A node

descri bedrlwgr edapend on the possible actions with respect to the
actual three-dimensional knobs of the device that are being
simulated by the wvirtual knobs 106 of the device 102
represented on the touchscreen interface 100.

20 FIGURES 3A and 3B illustrate an embodiment in
which an adjustment to a virtual knob 106 is only allowed if
the adjustment is available given the corresponding state of
the device 102. As discussed briefly above, the adjustment
of certain parameters may be limited to a particular state

25 of the device 102, or of a state of one or more controls of
the device 102. FIGURE 3A illustrates a device 102 having a
virtual knob 106A configured in a second state and a virtual
knob 106B configured in a first state. A user taps the
virtual knob 106B, as indicated by the tap icon 107, to

30 trigger the display of an annular input icon 114 around the
virtual knob 106B for performing an adjustment of the

virtual knob 106B. However, according to this example, the
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10Whi l e the subject matter described herein is presented in the general
context of program nodul es that execute in conjunction with the execution
of an operating system and application prograns on a computer system those
skilled in the art will recognize that other inplenentations 15 may be
performed in conbination with other types of program nodul es. Generally,
program nodul es i nclude routines, prograns, conponents, data structures,
and ot her types of structures that perform particul ar tasks or inplenment
particul arvabstahckndat a06§pes. ther govert, sthdase iskiddteckdiugtabhe andn wil |

appreci ate_{ hat. the bj ect ter described herein may be practiced with
ot her conpl %rvﬁﬁg%%ﬁy%% ibﬂgél}%ﬁg?“%ﬂﬂ{ﬁﬁrﬁftﬁﬂﬁﬁ%éh%ﬁ%éﬁ?ﬁé%,
nul ti processor systemsGURE CERPERERSSOhebasednen apr eei-yumRRl 6 Lonsunes,

el ectronics, mniconputers, mainframe conputers, and the 25like. The
routine 400" b&grhsat ‘ot alP6R ArEonshere hodéviice ewpedbhenppl i cépomon

associ af eyt i Lhiend opehscrpenaioherfage 100,08 devics Lz defects, a
selection of a virtual knob 6. I's selection may be nade as a.%ap or an
30 extendedosoitbet fie apfbngesoor mayylkes ewntihea tthesi reed ad+u sxaherkinobo 106.

At operation 404, a det jpnation is made as to whether the selection was a
tap on a VY%{Eﬁﬁlk%%gol égAIfSnBP?SﬂHéﬁ PRE JEVPLE Yoorts Gt ppt T chtPibh

determ nesiddh@t 114 around the virtual knob 106A. The user may then
adjust virtual knob 106A using the annular input icon 114 or
10 tap either virtual knob 106 to remove the annular input icon

114.

According to various embodiments, feedback may be
provided to the user in response to providing user input, or
concurrently with user input. The feedback may not only be

15 wvisual such as the change in color, shading, or pattern of
the virtual knobs as described above, but may also be aural
and tactile. For example, an audible tone and or device
vibration may be provided upon receipt of a tap or extended
contact from the user to a virtual knob 106. Additionally,

20 a clicking sound, tone, and/or vibration may be provided
upon rotation of a user’s finger around the annular input
icon 114.

Turning now to FIGURE 4, an 1illustrative routine
400 for receiving user input to a device 102 represented on

25 a touchscreen interface 100 will now be described in detail.
It should be appreciated that the logical operations
described herein with respect to FIGURE 4 are implemented
(1) as a sequence of computer implemented acts or program
modules running on a computing system and/or (2) as

30  interconnected machine logic circuits or circuit modules
within the computing system. The implementation is a matter
of choice dependent on the performance and other

requirements of the computing system. Accordingly, the

15



t he selection included an extended contact of the virtual knob 106, and
changes the state corresponding to the selected virtual knob 106 at
operation 406. The routine 400 then returns to operation 402 and conti nues
as described 5 above. It should be appreciated that the

determ nation as to whether the selection of the virtual knob 106 is a tap
or an extended contact nmay or may not include a determ nation as to whet her
the contact falls within a paraneter for one 10 type of contact, and if
not, then deféfFaini mpatwtiatie seéktectibadcorrespondsate t he fattherd t ype of

contact. FQL.ex e, _the [ control_application nay deternine that
contact with a g??%uaﬁ%knéﬁg%G%%nganeﬁaaggtﬁfiinné%ﬁl‘%%aus%c??'d08§ not
occur for hesslthan aThbseshebsrperdod, 15tofuctivre1( Wiehcs£pr esent saaqt ap)

or becausemit goes occur for nore than a threshold period of tinme (which
represent s"aHUERT el O6nt HEpjemented in  spgiggse, |in atf igpeieaE onin04,

the dew cesgentsol pappbkeatiigndet arjyines fhat, the ' p on
the 20 virtual knog 186, théglthe réﬁﬁiﬁe ig%‘%%ﬂt?%ﬁ%ggé%gg%ggg??8%%408,
where a deter il futfoaliss edepay e aweet Hetatamarmubar féwmput opepat 1ddsi s

al ready di ayed uchscreen interface 100. If an annul ar i nput
icon 114 i@g%iégld§e%%gﬁﬁéﬁ %Egnde T8 coft r EaagbgFﬁﬁ?iSHKhEQGEEFéPﬁ?ne 25
that the seéeetion ofThdwe vigddraltikieh 106 | S18d egueshet-eck-gABVE hhey

annul ar ing% icon 114 due to the conpletion of any desired adjustnent, and
may renove”theS Bl F9F hpttah corraa Aeatcbber@thore 410, The routine 40 then

returng to operationggdZ and,cong i éta3m9@§§£ih§ sgpfggd t%e ein
a

301 f at oper ati on408, t hedevi cecontrol ™ application determnes an annul ar
i nput i corPUaZensedhotindi ¥pt agedeon lt heot beaxhsofeeproatenf acelul@?d, thep the

devi ce Cor&gé)éuta@pliincactoin%%nc iotr)ue vgiggl %%%d g}EeOculPtdicgnheo%p%rnopcr);i)g}fgting
system and application programs on a computer system, those
skilled in the art will recognize that other implementations
15 may be performed in combination with other types of program
modules. Generally, program modules include routines,
programs, components, data structures, and other types of
structures that perform particular tasks or implement
particular abstract data types. Moreover, those skilled in
20 the art will appreciate that the subject matter described
herein may be practiced with other computer system
configurations, including hand-held devices, multiprocessor
systems, microprocessor-based or programmable consumer
electronics, minicomputers, mainframe computers, and the

25  like.

The routine 400 begins at operation 402, where a
device control application associated with the touchscreen
interface 100 or a device 102 detects a selection of a
virtual knob 106. This selection may be made as a tap or an

30  extended contact of a finger or stylus with a desired
virtual knob 106. At operation 404, a determination is made
as to whether the selection was a tap on a virtual knob 106.

If not, then the device control application determines that
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virtual knob 106 at operation 412. As previously discussed, the annul ar

i nput icon 114 may be di splayed around the virtual knob 106 tapped by the
user, or if the virtual knob 106 that was tapped by the user is not

avai lable for 5 adjustnment due to the current state of the device 102, then
the annul ar input icon 114 may be di splayed around a virtual knob 106 that
is avail abl e for adjustnent. The routine 400 continues from
operation 412 to operation 414, where the device control application
detects 10thusescilaputom timal udeel anmukarehaput doe@aclkldoandhadjwisttsudlhe

corresponﬁ%ﬂ%?virtual knob 106 accordingly at operation 416. The user i nput
to the an iHpt ideh CRRMSS | idiude @ ot A3 0mRIPEW P ort ! itdishg

contact arqund-ddhe anrulAr itideon W dat €id hae thened ockw s& ofoo
countercl ockwi se 15 directions depending on the desired adjustnment of the

corr espondilrgy vicetuahskrich ©06raFiom oder akhdn &6, inuws r est idrssrthats to
operatgon g; and continues as described above. In addition to the
operations described with 20 respect to the routine 400, the device control
application may provideraddid iwhadpdeadhacdd tihdthe us efe od rrainya tofaat aid on of
the routine 400. In particular, visual and/or aural feedback may be

provi ded t'¢ t'HE U T i SRy iy SThptt Giferdtitonl Perckxdtpl &S @ HeRitt ual
knob 106 8 egs ed by ac25: USET 0 141 th At e, St AL, hange: sy, phange, ol or s

along with an aural tone en press d. Atap fromthe user to a
virtual krigh haywhetassotheat edntiadt af i ff ev et imurapatreneteAn fad] usterent

around,an ,annul ar. i nput _icon 114 y be, acc ani ed by .a.clickjing sqund or
tonalqghaﬁ@gxioogep? dbRrt 30 e H%—p?%bfe§§ﬁghj&§g n&PgthEhagso at ed
paramet er .selection corr&&fMREsS tshovse antihllUst §8¢ i vwe COMPLd ef . For
architecture for a conputer 500 capabl e of executing the software
conponent £XFEES bedh hef 8k CEorc I Enmer heta hien eRbydidrerasidges crlided

above-ThecQQHRHﬁ?rw%Eﬁhiéeq}ygéhal knob 106 1s an extended contact

because it does not occur for less than a threshold period
15 of time (which represents a tap) or because it does occur
for more than a threshold period of time (which represents
an extended contact).
However, if at operation 404, the device control
application determines that the selection was a tap on the
20 virtual knob 106, then the routine 400 continues to
operation 408, where a determination 1s made as to whether
an annular input icon 114 is already displayed on the
touchscreen interface 100. If an annular input icon 114 is
displayed, then the device control application may determine
25 that the selection of the virtual knob 106 is a reguest to
remove the annular input icon 114 due to the completion of
any desired adjustment, and may remove the annular input
icon 114 at operation 410. The routine 40 then returns to
operation 402 and continues as described above.
30 If at operation 408, the device control
application determines that an annular input icon 114 is not
displayed on the touchscreen interface 100, then the device

control application may be displayed around the appropriate
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shown in FIGURE 5 illustrates a conventional desktop, |aptop conputer,
server conputer, tablet conputer, smartphone, electronic reader, MP3 player
or other digital nusic device, 5 or any flight conputer configured for use
with an aircraft systemand nay be utilized to inplenment the conputer 500
and to execute any of the other software conponents described herein. The
conputer architecture shown in FIGURE 5 10 includes a central processing
unit 502 (CPU) or processor, a systemnenory 508, including a random access

menory 514v{RAM1 anthia TERGONpe iy {ROM Al 6 r &nith8s Sy Sd Bda bskse $04
t hat couples the nenory to the CPU 502. A basic input/output system (Bl OS)
cont ai ni ngd-t%he BASIHE T otiEPHES 1R hatl helpYt g r disPRYierf orhEENEBN Het ween

el ements w ki1 he, GOMpYE ef . 300, Sychnas (durl ng, star typ, s Siored,dn the
ROM 516. THE conput er 500 fu??ﬁer ?chu%eggg ﬁagg étorage d%&?%e 510]?or
storing anl Wpertdtatngwsypst eapbd8, lapplilcat ivgrerpr agr anet aada 0t &lete prbgr am
nmodul eg, which will be descrjbed 20 in _greater detail pel ow.

The mags Stbiaisiis Maf 610 FRECERREETbq SEa Ee oD o6 Hihubia Whg
storage cad addrerl {MotnshoworcomneciLd ¥ d e, ige SUh:odthe dressrst o1 age
device 510 and its associated conputer-readabl e nedia provide non-vol atile
25 storageidt the tdoplitsera so0.abAle Houg k4o tdesser-i pti on of
conput er - r eadabl e medj nt aj ne rej fers a age »devi ce,
SUch a5 2 hard di sk o ChoREHar o CErSh et B D e et L B Phose
skill ed i madmtardn t4ied, conput etheeddallce stoortage redhila ccani doe @ayects
avai |l ghl e 30 conputer stora nmedi a t hat, can be accessed by the conputer
500, 10 & X e R i G0 aiac ] D, ST €T et e
storage nedia dBHridigldide Malat il Qoco MOl Rtl Y et repmvabl &, ands
non-renovabl e media inplemented in any nmethod or technology for storage of
i nf or mat i RS ueFeAsiepRputer theaddablu dmsinrict | basn dadanstr udtdrels 2

progr am nogj - other data._-For. e e, .Co er-re %%gk@k% S e
medi a i ncl u?ggt,slogﬁatl isjs&ﬁir?oet L?rﬁ]tlec{du}%%ﬁ\ﬁcﬁowea rfj}lgéﬁg
menory or igidrer S0l i dist a¢ ethenor yheechnelogy,seCO-ROM caligi ¢ &t 1 veksate | e

di sks &DVD., | D-DVD, BLU- RAY, or other optical storage, magnetic cagggttes,

nagneﬁ ]

Pe CHEEC ddivet ICRAK 'St orlige 01° otdfet Thignetq Bistment  of

corresponding virtual knob 106. From operation 416, the
routine returns to operation 402 and continues as described
above.
In addition to the operations described with
20 respect to the routine 400, the device control application
may provide additional feedback to the user at any operation
of the routine 400. In particular, visual and/or aural
feedback may be provided to the wuser during any input
operation. For example, the virtual knob 106 selected by a
25 user to initiate a state change may change colors along with
an aural tone when pressed and held. A tap from the user to
a virtual knob may be associated with a different aural
tone. An adjustment around an annular input icon 114 may be
accompanied by a clicking sound or tonal change to represent
30 the in-progress adjustment of the associated parameter.
FIGURE 5 shows an illustrative computer
architecture for a computer 500 capable of executing the

software components described herein for implementing the

18



10 storage devices, or any non-transitory nedi umwhich can be used to store
the desired informati on and which can be accessed by the conputer 500.

It should be appreciated that the conputer-readabl e nedia disclosed herein
al so enconpasses 15 conmuni cati on nedi a. Conmuni cation nedia typically
enbodi es conputer readable instructions, data structures, program nodul es
or other data in a nodul ated data signal such as a carrier wave or other
transport nechani sm and includes any information delivery media. The term

"nodul at ederflod @ bhSd gnadscA@RNS apsivenal that hasmpheepr dmfeidcddse
characteristics set or changed in such a manner as to encode information in

the si gnalSh®y wey BFCEENDI &l Lasior Hets 13 e erats ot oohrims ean onl drldia
el od ; . . . . e Lon.
i ncludes wired,edia g AS Gl [ netnork. or &'&{g?ﬁew re%%af%%éegg

and wirel ess 25 nedi a such as acousti’c, , i nfrar and ot

medi a. Condlaxatianisc afeddrer anyp dfp e rabov eotshon | @l @l sl beus ncl diked-ay t hi n
t he scgpe of conﬁﬁger readabl e nedi a._Conput er-readabl e storage, nedi a does
not enconpdss?EdmunPeat iCGHPYEGia.C S ngPE 0UVEr MG Efbati e st the
conput er S9sd@y opermate nd @ Netynoy ked gy dnentnhdistfgdQdt c8do and
connections to renote conputers through a network such as the network

520. The cOMpUEBECBDO may cohnébe ta-hidie sohbvapek SREAend$ghdes aiet et k
interface it,, 506 connected to the bus 504. It should be appreciated that
the network interface unit 506 may al so be utilized to connect to other
types of networks anthg enobepcosput ercsystensre Theheanputier FEOMRAMAYS al so

inclujg an, iqﬂgiloutput controller 512 for,receivingéﬁnd processi ng i nput
from &’ nundEr Wi teh €rSHe A ¢ 685 OG5 Ut iyt t e hEef erP T MERFate 4007

keyboard, Jipisen @%@l Ckpol el @i @me st yhus donot 28hews ifedd GIRE B) .
Simlarly, an input/output controller nay provide 10 output to a display
screen, a ¥t end @ wdverontypenssforgut AMdevi ¢e rad so swttshowns | 1O F1 GURE
5). that couples the memory to the CPU 502. A Dbasic
input/output system (BIOS) containing the basic routines
15 that help to transfer information between elements within
the computer 500, such as during startup, 1s stored in the
ROM 516. The computer 500 further includes a mass storage
device 510 for storing an operating system 518, application
programs, and other program modules, which will be described
20 in greater detail below.
The mass storage device 510 is connected to the
CPU 502 through a mass storage controller (not shown)
connected to the bus 504. The mass storage device 510 and
its associated computer-readable media provide non-volatile
25 storage for the computer 500. Although the description of
computer-readable media contained herein refers to a mass
storage device, such as a hard disk or CD-ROM drive, it
should be appreciated by those skilled in the art that
computer-readable storage media «can be any available
30 computer storage media that can be accessed by the computer
500.
By way of example, and not limitation, computer-

readable storage media may include volatile and non-
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As mentioned briefly above, a nunber of program nodul es and data files may
be stored in the mass storage device 510 and RAM 514 of the conputer 500,

i ncluding an 15 operating system 1118 suitable for controlling the
operation of a networked desktop, |aptop, tablet, smartphone, electronic
reader, digital nusic player, server, or flight conputer. The nmass storage
devi ce 510 and RAM 514 nmay al so store one or nore program nodules. In
particul ar, the nass 20 storage device 510 and the RAM 514 may store the
devi ce contsDdtappl i eahboBAbD32 execadabtandwpes f aem bha nyalkheus ceperat i ons
descri bed above. The nmass storage device 510 and RAM 514 nmay al so store

ot her progiam ReduPesCanicabtaloph §enepabragsf Owariéd Epplatdan gisctoras
nodul es when. [ - 50 e ra he
CPU 502 gﬁ%@?@ over aé} conpu%%t%%]fqﬁténﬁ a%gagér}dgr ai -pug’;%%lrseeg’co%%%)%lﬁggﬁ1
system i ntrwoduspecical - puthpase dedrput | NPosyséeamelst ond @ech t @r pesddalm ¢ he
functi@nal it resented herein, The CPU 502 nmay _he .constructed from any
nunber%of %‘b(%faf%%si“%{jb?s %}C%dicifésr’ dPYEr dffe BPF cdittidcehent s, Raffr c R hay

i ndi vi dualgpraM, calelpeoti, vetyaassui@nany Bunbernof staties. sMEe nemory
specifically, the CPU 502 nmay operate as one or nore finite-state nachines,
response t'C@RECtAbl eCDF RS utigers 1c ora i ateld avi €hE kst H&VEof t vidheD\a,

o 5, MRS SOTRA L piSEl L8 LY LS T TRl g, ) 02

by specifying how the CP transitions t hereby
physi cal | yndgraaisfor mapg,t healghandicst adskor sbootber drscoeher hataywestel c
el emeg@s constituting the CPU 50 odi ng the software or

2. , Enc
modul €8 ont & E $asiC 5t OF e devite Iy WD T runsf B A the WBhYS &Gt Pe

structure @fed heomasso st orage dewliceqor jAsseghal 6 computeriJreadahl 6.
storage nedia. The specific transformation of physical 10 structure may

depend on 3FHSSERS facttdres campudief &x&ht i npl enent ations of this

descri ption. Exanpl of factors may inclyde, but are not limted to:
t he technol ogy used%tsco isrrp(fqgg%ntlg%hegggrrr%ﬁ 3%?§eagf§6ﬂl%e gtthoer ag%omn%l%ﬁ%r,
whet her t heaclaiyiut er -meatabl e Stsenagedredi@e B¢ £n 15 eharact eshz@tbaSs@s i mary

or sea ndary staorage, and the like. For exanple, if the con‘lout er-readabl e

storag® medAE IS SO EIREE as CEHF BRIV - 1Y A tS@are or

modul es maysrighakst orELbRe 1RhYsheakustabgsof Lhe,sent conductor Yam When
the software is encoded therein. 20 For exanple, the software may transform

t he stat e&osfuliesarsi storer dapaciitoress, motultttet diber etigneilr suich elserent s
ConStltUt%%QrHQ% %ﬁﬁhgoggu%%%%fﬂ¥¥g§%port mechanism and includes any

information delivery media. The term "modulated data

20 signal" means a signal that has one or more of its
characteristics set or changed in such a manner as to encode
information in the signal. By way of example, and not
limitation, communication media includes wired media such as
a wired network or direct-wired connection, and wireless

25 media such as acoustic, RF, infrared and other wireless
media. Combinations of the any of the above should also be
included within the scope of computer readable media.
Computer-readable storage media does not encompass
communication media.

30 According to various embodiments, the computer 500
may operate 1in a networked environment using logical
connections to remote computers through a network such as

the network 520. The computer 500 may connect to the

20



As anot her exanpl e, the conputer-readabl e storage nedia nmay be i npl enented
usi ng magnetic or optical 25 technology. In such inplenentations, the
software or nodul es may transformthe physical state of nagnetic or optical
medi a, when the software is encoded therein. These transformati ons may
include altering the magnetic characteristics of particular |ocations
within given 30 magnetic nedia. These transformations nay al so incl ude
altering the physical features or characteristics of particular |ocations
wi thin gi vestwptik cabonediraugho Lhaggeotheiaptir¢akbechariactserd sédese®fed hose
| ocations. Oher transformations of physical nedia are possible wthout
departing ¥¢ ofii® heuscopé -and spire il df e harpresént edesritpttiten, NS ¥ he

foregoi ng gxampt £ %gyé d§<g6 opLy 5955%5' Eltt%tl(iztelai 3RO e
subj ect matter described above s provided by way of illustration only and
shoul d nott e onStramdass |dmi trangpt d/areomust e f 3 oats onsTlend-ahanges may

b de t bj ect tt i bed h [ i t hout, fallow th
oxampl § enti ENL oo bra appi 6 | Gts §TROS ATRH a6 0dsc | Bed, v

W t hout depatdiwihd r and he locde sSPigh i tinpd seepg of thenpeesent diskdosure,
which is set forth in the followng clainms. Wat is clainmed is: 1. A
conput er - iGR EifENt edNAEEAGHIf Gt Eesehvirngeusernigmpiaca o180t ouehgeraeh

oL ace e TR0 TP S NS R0 LA By SEESERLA O i co
5). Similarly, an input/output controller may provide
10 output to a display screen, a printer, or other type of
output device (also not shown in FIGURE 5).

As mentioned briefly above, a number of program
modules and data files may be stored in the mass storage
device 510 and RAM 514 of the computer 500, including an

15 operating system 1118 suitable for controlling the operation
of a networked desktop, laptop, tablet, smartphone,
electronic reader, digital music player, server, or flight
computer. The mass storage device 510 and RAM 514 may also
store one or more program modules. In particular, the mass

20 storage device 510 and the RAM 514 may store the device
control application 522 executable to perform the various
operations described above. The mass storage device 510 and
RAM 514 may also store other program modules and data.

In general, software applications or modules may,

25 when loaded into the CPU 502 and executed, transform the CPU
502 and the overall computer 500 from a general-purpose
computing system into a special-purpose computing system
customized to perform the functionality presented herein.
The CPU 502 may be constructed from any number of

30 transistors or other discrete circuit elements, which may
individually or collectively assume any number of states.
More specifically, the CPU 502 may operate as one or more

finite-state machines, in response to executable
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detecting a selection of the virtual knob; in response to detecting the

sel ection of the virtual knob, displaying an annular input icon around the

vi rt ual

i con; and adjusting the device according to the user input. 2. The
conput er-i npl enented nethod of claim1, wherein the 15 device conprises a

vehi cl e i nstrunent,
with a vehicle sinulator.

wher ei n 201 get @edti Ngh $ hecdised 1 ddput Con 112 s poidli negp tovd e agwnul i b gt
conprises detecting an arcuate contact on a surface of the touchscreen

interface WEH! rCYHE BRMUTECY fuke | ot ruotiomhe phputars ot ettt @
method of ghai ML, £ Wherieln Hag ' ehpeseptal ,9n of rLhe; deyi ce rlf;]éé‘{»g S o

conprises a plurality of “virtual kno
of the virsteteknobheoapyi $bysdetaddtyl ngrandfiostin@ptba & sursfiateref ¢he

and erein detecting t

tOUChS%rqutﬁé¥€Hf§g¥%€g ﬁ%éﬁﬁ%éé(gléﬁéﬁgéngé%ééﬁéJgﬁﬁgréﬁgﬂcpu 502.

10

15

20

25

30

Encoding the software or modules onto a mass
storage device may also transform the physical structure of
the mass storage device or associated computer-readable
storage media. The specific transformation of physical
structure may depend on various factors, 1in different
implementations of this description. Examples of such
factors may include, but are not limited to: the technology
used to implement the computer-readable storage media,
whether the computer-readable storage media are
characterized as primary or secondary storage, and the like.
For example, 1f the computer-readable storage media is
implemented as semiconductor-based memory, the software or
modules may transform the physical state of the
semiconductor memory, when the software is encoded therein.
For example, the software may transform the states of
transistors, capacitors, or other discrete circuit elements
constituting the semiconductor memory.

As another example, the computer-readable storage
media may be implemented wusing magnetic or optical
technology. In such implementations, the software or
modules may transform the physical state of magnetic or
optical media, when the software is encoded therein. These
transformations may include altering the magnetic
characteristics of particular locations within given
magnetic media. These transformations may also include
altering the physical features or characteristics of
particular locations within given optical media, to change

the optical characteristics of those locations. Other
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and wherein the touchscreen interface is associ at ed
3. The conmputer-inpl enented nmethod of claim1,

knob; 10 detecting a user input corresponding to the annul ar i nput

i con



30 knob of the plurality of virtual knobs. 5. The conputer-inpl enmented

met hod of claim4, further conprising: detecting an extended contact on
the surface of the touchscreen interface at a position proximate to a
virtual knob of the plurality of virtual knobs, and in response to
detecting the extended contact, changing a 5 state of the device froma
first state to a second state corresponding to the virtual knob proxi mte
to the position of the extended contact, wherei n adjusting the device
accordi ng toahhfonsetiomputoconphysesSandjmsdifng dhe deyssgbbrecordimgut o t he
second state 10 and the user input. 6. The conputer-inplenented nmethod of
claim5, fOFRPEYLEDnpfFstngthe SRR M d seBokdtt apfon tthfe skiFesRRt of

the touchsgegen;: 15; it epfiage @{et%8;985%50%&@@%@&591&@& yrntual , knob
associated with the first tap; and 1n"response to detecting the second tap
of the virfaeallkmobe tehwvihgcuseiennul ar i nput icon from around the
Virtua% knob. 20 The subject matter described above is provided by
way of 1illustration only and should not be construed as
limiting. Various modifications and changes may be made to
the subject matter described herein without following the
example embodiments and applications illustrated and
10 described, and without departing from the true spirit and
scope of the present disclosure, which 1is set forth in the

following claims.
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7. The conputer-inplenmented nmethod of claim4, further conpri sing:
determ ni ng whether the virtual knob proximate to the position of the first
tap on the surface of the touchscreen 25 interface may be adjusted; if the
virtual knob proximate to the position of the first tap on the surface of
the touchscreen interface may be adjusted, displaying the annul ar input
icon around the virtual knob proximate to the position of the first tap;
and 30 if the virtual knob proximate to the position of the first tap on

t he surfacehaf iheciouehscreen interface nmay not be adjusted, displaying
the annul ar input icon around an alternative virtual knob of the plurality
of virtual knobs that nay be adjusted. 8. The conputer-inplenented met hod

of claiml; 5 whergin,deteghi f@nérﬂ?e&%#éacq{dcp éﬁ{] e Miridial rises

detecting an extended contact on a surface of e touchscreen |nt rface at
a p05|t|oﬂxpﬁbxuqmﬂksQIBQWMﬂmmeniﬁﬁeIqﬂﬁx whteraed redmprissiponse to detecting

t he selectlon Jo he 10 virtu knob further conprises, changin st.ate of
the devi c&¥%% Janq iTstRSRE" aliaotjaoréec%r?d cg‘gtvdt%e CortEsport %g ‘%Dfatt
virtual kneinb asrd thavheseins @4 astimg thaLevi ce accor dl ng to the user

i nput conprlses adj usting the device according to the second state 15 and
the user iMPRASTIY arhieksmpareref nglertitett InetHdy of claim 1, wherein the

annul ar i &Wtré%éhes ﬁgc? dee@éétl td;al 's\’elhécaé‘l%r&‘cﬁf“tzrg&%ﬁ{l?atl then,
representation of the device undetrlying t annul ar input 1conis
vi si bl e t itimmghe tihey amudrarulapuitnpuwonicon around the virtual knob;
10 detecting a user input corresponding to the annular input
icon; and

adjusting the device according to the user input.

2. The computer-implemented method of claim 1, wherein the
15 device comprises a vehicle instrument, and wherein the
touchscreen interface is associated with a vehicle

simulator.

3. The computer-implemented method of claim 1, wherein
20 detecting the user input corresponding to the annular input
icon comprises detecting an arcuate contact on a surface of

the touchscreen interface within the annular input icon.

4, The computer-implemented method of claim 1,

25 wherein the representation of the device further comprises a
plurality of virtual knobs, and
wherein detecting the selection of the virtual knob
comprises detecting a first tap on a surface of the
touchscreen interface at a position proximate to the virtual

30  knob of the plurality of virtual knobs.

5. The computer-implemented method of claim 4, further

comprising:
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10. The conputer-inpl emented nmet hod of claim1, further conprising
provi di ng feedback to the user in response to the selection of the virtual
knob or in response to the user 25input. 11. The comnputer-inpl enent ed

met hod of claim 10, wherein the feedback conprises a vibration. 30 12. The
conput er-i npl enent ed net hod of claim 10, wherein the feedback conprises an
aural response. 13. A conputer-inplenented nethod for receiving user input
to a touchscreen interface, the nethod conprising: providing a

represent ai¢torcioin@ devdceercprésitigr@a @ wrad idur Rfce/igft uale knobs on the
touchscreen interface; 5 detecting a first selection of a virtual knob of
the pl ural FRYCHFCREFT Ut G 2t i RAPOISE tRF PHEFHT St0 Sel'EctieH,

changi ng, acsdiater ofnd fie dlei oy of videlecting & sagend sel ootion of a
nops;

virtual knob of the 1 lurality of virtual In response to the

second selb@ti@ﬂpomkﬁeﬂqndﬁugpwﬂnqruhﬁﬂeXGuﬂﬁad)aaﬁﬂaGM3lﬂhﬁngungna
ve user

di spl ayin ann r n aro d the virt knob to,r
i nput ; %15q%tn%ct| éh?] %ﬁﬁe ﬁﬁ) Jﬁﬁ?b&ﬁﬁﬂﬁb oéﬁﬁﬁxﬁﬁﬁhla qienput i con;
and adj ust¢dmgrésrgﬁ>rdﬂwg:etcam diing t01 e Isiosdiiitte to the position

of the extended contact,

wherein adjusting the device according to the user input

comprises adjusting the device according to the second state

10 and the user input.

6. The computer-implemented method of claim 5, further
comprising:
detecting a second tap on the surface of the touchscreen
15 interface at the position proximate to the virtual knob
associated with the first tap; and
in response to detecting the second tap of the virtual knob,
removing the annular input icon from around the virtual
knob.
20
7. The computer-implemented method of claim 4, further
comprising:
determining whether the virtual knob proximate to the
position of the first tap on the surface of the touchscreen
25 interface may be adjusted;
if the virtual knob proximate to the position of the first
tap on the surface of the touchscreen interface may be
adjusted, displaying the annular input icon around the
virtual knob proximate to the position of the first tap; and
30 if the virtual knob proximate to the position of the first
tap on the surface of the touchscreen interface may not be

adjusted, displaying the annular input icon around an
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14. The conputer-inpl emented nethod of claim 13, 20 wherein detecting the
first selection of a virtual knob conprises detecting a tap on a surface of
t he touchscreen interface at a position proxinmate to a virtual knob, and
wherein detecting a second selection of a virtual knob conprises detecting
an extended contact on the surface of 25 the touchscreen interface at a
position proximte to a virtual knob. 15. The conputer-inpl enent ed

met hod of claim 14, wherein determining the virtual knob to receive user

i nput 30 conhpsisesivaeteftidl nghoheiherhd el widtiual el prnoexi maied o t he
position of the tap on the surface of the touchscreen interface may be
adj ust ed adtdr didg 1o aheiskte of the device; if the virtual knob
proximate to the position of the tap on the surface of the touchscreen
interface may be adjusted 5 according to the state of the device,

det er mi ni Y- t hathe heomi utteral inicimqortoed mettendd datheslgasi tli,on of the tap is

Che Vit el Ol 415 Bl L 0L MLS ual ks Lo fiesgl e user ot
comprises detecting an extended contact on a surface of the
touchscreen interface at a position proximate to the virtual
knob,
wherein in response to detecting the selection of the

10 virtual knob further comprises changing a state of the
device from a first state to a second state corresponding to
the virtual knob, and
wherein adjusting the device according to the user input
comprises adjusting the device according to the second state

15 and the user input.

9. The computer-implemented method of claim 1, wherein the
annular input icon is at least partially translucent such
that the representation of the device underlying the annular

20  input icon is visible through the annular input icon.

10. The computer-implemented method of claim 1, further
comprising providing feedback to the user in response to the
selection of the virtual knob or in response to the user

25 input.

11. The computer-implemented method of claim 10, wherein

the feedback comprises a vibration.

30 12. The computer-implemented method of claim 10, wherein

the feedback comprises an aural response.
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10 the surface of the touchscreen interface nmay not be adjusted according
to the state of the device, determ ning whether each of the other virtual
knobs of the plurality of virtual knobs may be adjusted according to the
state of the device, and determ ning that each virtual knob that may be
adj usted 15 according to the state of the device is the virtual knob to
receive user input. 16. The conputer-inplenented nethod of claim 13,
wherein the device conprises a vehicle instrunent, wherein the 20
touchscree&3rnt@rF§@@U¢§Ia§@@éE@€@deﬂdmthOdeﬁbcleesbmuhagomseandnpherein

detecting the  user, or, nding.to the annul ar input icon conprises
detecting an grcuafg%%g%Fgcfgg%ggagﬁffgég 8F%Fﬁ§ £6llERSErBEN interface
wi thin thepa@NaUamgiapmbpkeeent35i0&7ofTbed@QHB@t@bmkﬂﬂéﬁﬂénbed net hod of

claim13, rovi ding feedback to the user in response to

fgrth?r co rising E ‘
the first Sel&&tir6H SF VhET¥RLt KAPPRNEB, thRetsBebRarseneéntonfatet he

virtualskndbioot ihg 6esBegsestoctigoiset LnpuLe 30 (A, Accopputer-readabl e
st orage nedi um havi ng conput er - execut abl e i nstructions stored t hereupon

whi ch, wheRl8%aéitgdoByvarcompukepbscause the computer to: provide a

representatjon eyice, conprising.a plurali of virtual knobs on a
t ouchscr een in?%&??ég;¥8e?8§t%§r§§|8§%F8 18P'acbgpgb59 Rndbabf Phethe
plurality dévicetual knobs; 5 in response to the selection of the virtual

knob, deteén%ne a virtual knob to receive user input; display an annul ar
i nput i con“arBuhd"Phd SEFPhEl SRABBCEenr e€epveiuserli hpap; of the

10 plurality of virtual knobs:
in response to the second selection, determining a virtual
knob to receive user input;
displaying an annular input icon around the virtual knob to
receive user input;

15 detecting the user input corresponding to the annular input
icon; and

adjusting the device according to the user input.

14. The computer-implemented method of claim 13,

20 wherein detecting the first selection of a virtual knob
comprises detecting a tap on a surface of the touchscreen
interface at a position proximate to a virtual knob, and
wherein detecting a second selection of a virtual knob
comprises detecting an extended contact on the surface of

25 the touchscreen interface at a position proximate to a

virtual knob.

15.  The computer-implemented method of claim 14, wherein
determining the virtual knob to receive user input

30 comprises:
determining whether the virtual knob proximate to the

position of the tap on the surface of the touchscreen
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detect the user input corresponding to the annular input 10i con;

and adj ust

the device according to the user input. 19. The conputer-readabl e storage

medi um of

conprises detecting a tap on a surface of the touchscreen interface at a

claim 18, wherein detecting the selection of the virtual knob

position proximate to a virtual knob of the plurality of virtual knobs,
wherein the conputer- readabl e storage nedi um has further
conput er - execut abl e i nstructions stored thereupon which, when executed by

the 20 conputerfacausey tihe conputed dacobtrer mMaeivhetthere tde tha t ual

pr oxi mat e
interface

di splay the annu

plurality

%g the position of the tap on the surface of the touchscreen

15

and

knob

" be’ adjusted; if the virtual knob proxinate to the position of

the tap oni25-idey strdacexp theot auchscreand Mes face, my he adiyssed,
di splay the annul ar input icon around the virtual knob proxinmate to the

posi tion ofe helffapee anld e theuchiseuran Knote prase mete o adingoxi ti on of
the tap o t ouchscreen i.nterface y_no e dj ust ed,
R naé@c?ré#{aé at?cﬁp‘%{e.@@a%e op tg'(e cpe Jtce, ?aetewmt%%l‘g}ant?’ogchg%

| CoOn arouna an alternatlive Vir
oirtvial ualoknobsx itwte nay e gjtistieth of 2the Thep is the

conput er -r eadabl e staorage nmedi um of claim 18, having further

conput er - ekeCH bl 9Nt Ut dnsiist bried Hheteliptht wRters Yhert&etut ed by
the computgfer caUsEe: t he,gonputer to:

10

15

20

25

30

if the virtual knob proximate to the position of the tap on
the surface of the touchscreen interface may not be adjusted
according to the state of the device, determining whether
each of the other virtual knobs of the plurality of virtual
knobs may be adjusted according to the state of the device,
and determining that each virtual knob that may be adjusted
according to the state of the device is the virtual knob to

receive user input.

16. The computer-implemented method of claim 13, wherein
the device comprises a vehicle instrument, wherein the
touchscreen interface is associated with a vehicle
simulator, and wherein detecting the user input
corresponding to the annular input icon comprises detecting
an arcuate contact on a surface of the touchscreen interface

within the annular input icon.

17. The computer-implemented method of claim 13, further
comprising providing feedback to the user in response to the
first selection of the virtual knob, the second selection of

the virtual knob, or in response to the user input.
18. A computer-readable storage medium having computer-

executable instructions stored thereupon which, when

executed by a computer, cause the computer to:
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5 detect an extended contact on the surface of the touchscreen interface at
a position proximate to a virtual knob of the plurality of virtual knobs;
and in response to detecting the extended contact, change a state of the
device froma first state to a second state 10 corresponding to the virtual
knob proximate to the position of the extended contact, wherein adjusting
the device according to the user input conprises adjusting the device
according to the second state and the user input. 15

provide a representation of a device comprising a plurality

of virtual knobs on a touchscreen interface;
detect a selection of a virtual knob of the plurality of
virtual knobs;

5 in response to the selection of the virtual knob, determine
a virtual knob to receive user input;
display an annular input icon around the virtual knob to
receive user input;
detect the user input corresponding to the annular input

10 icon; and

adjust the device according to the user input.

19. The computer-readable storage medium of claim 18,
wherein detecting the selection of the virtual knob
15 comprises detecting a tap on a surface of the touchscreen
interface at a position proximate to a virtual knob of the
plurality of virtual knobs, and wherein the computer-
readable storage medium has further computer-executable
instructions stored thereupon which, when executed by the
20 computer, cause the computer to:
determine whether the virtual knob proximate to the position
of the tap on the surface of the touchscreen interface may
be adjusted;
if the virtual knob proximate to the position of the tap on
25 the surface of the touchscreen interface may be adjusted,
display the annular input icon around the virtual knob
proximate to the position of the tap; and
if the virtual knob proximate to the position of the tap on
the surface of the touchscreen interface may not be
30 adjusted, display the annular input icon around an
alternative virtual knob of the plurality of virtual knobs

that may be adjusted.
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10

15

20. The computer-readable storage medium of claim 18,
having further computer-executable instructions stored
thereupon which, when executed by the computer, cause the
computer to:

detect an extended contact on the surface of the touchscreen
interface at a position proximate to a virtual knob of the
plurality of virtual knobs; and

in response to detecting the extended contact, change a
state of the device from a first state to a second state
corresponding to the virtual knob proximate to the position
of the extended contact,

wherein adjusting the device according to the user input
comprises adjusting the device according to the second state

and the user input.

30



