PATENT
1888-06002
P33588SG1

ASYMMETRIC ZONESIN A FRESNEL LENS

By:

Blake M. Coughenour

Page 1



BACKGROUND

[0001] When capturing image data using an image sensathar image capture
device, such as a camera, it is common to incluitkesh, strobe, or other component that
uses an illumination element, such as a light emgittiode (LED), that emits light to
illuminate portions of a scene located within ddfief view of the image sensor. As
image sensors are often embedded in a wide varfetievices, different types of flash
components may be implemented to suit the consérain design requirements of the
different devices that include the image sensars ekample, mobile computing devices,
such as mobile phones or other portable multi-ionctievices, may implement image
sensors and flash components that occupy a linptetion of the mobile computing
device, leaving space for other elements or compuisnaf the mobile computing device
to provide other functions or capabilities. Therefatechniques to reduce the space or

resources occupied by flash components or imagesemay be desirable.
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SUMMARY

[0002] In various embodiments, a Fresnel lens may be im@itéed to illuminate a
scene or other portion within the field of viewasf image sensor, directing light received
from an illumination element or other light souroto the field of view. The Fresnel lens
may include multiple different zones for directireceived light. While one or more of
the zones in the Fresnel lens may be radially syimenanother one or more of the zones
may be asymmetric, resulting in a zone that isalgdasymmetric. The asymmetric zone
may provide localized redirection of light so tldifferent portions of the asymmetric
zone direct light differently. One embodiment of asymmetric zone may, for instance,
redirect light to provide inverted illumination ithe field of view, while another
embodiment of an asymmetric zone may redirect lightprovide a non-inverted
illumination in the field of view. Different combations of multiple asymmetric zones
may be implemented within a single Fresnel lensoltiple Fresnel lenses implemented

together as part of a same light source module.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIGs. 1A-1C illustrate different optical systemattinclude different Fresnel
lenses and light source placements, including arfelelens with an asymmetric zone,

according to some embodiments.

[0004] FIG. 2 illustrates a Fresnel lens that includeasymmetric zone, according to

some embodiments.

[0005] FIGS. 3A-3C illustrates example cross sectionsiiérnt asymmetric zones

of a Fresnel lens, according to some embodiments.

[0006] FIG. 4 illustrates a Fresnel lens with multiple ragyetric zones that redirect

light to different portions of a field of view, amaling to some embodiments.

[0007] FIG. 5 illustrates a mobile computing device thapiements an embedded
light module that includes a Fresnel lens with asytric zone(s) and provides

illumination for an image sensor, according to s@mdodiments.

[0008] FIG. 6 illustrates a logical block diagram of a toller and light source

module, according to some embodiments.

[0009] FIGS. 7A-7C illustrate a portable multifunction ds with an embedded

light source module, according to some embodiments.

[0010] This specification includes references to “one ednipent” or “an
embodiment.” The appearances of the phrases “in emdodiment” or “in an
embodiment” do not necessarily refer to the saméoeiment. Particular features,
structures, or characteristics may be combinedhynsaitable manner consistent with this

disclosure.
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[0011] “Comprising.” This term is open-ended. As usedhe appended claims, this
term does not foreclose additional structure opst€onsider a claim that recites: “An
apparatus comprising one or more processor unitsSuch a claim does not foreclose
the apparatus from including additional componeets)., a network interface unit,

graphics circuitry, etc.).

[0012] “Configured To.” Various units, circuits, or othexomponents may be
described or claimed as “configured to” performaakt or tasks. In such contexts,

“configured to” is wused to connote structure by idating that the
units/circuits/components include structure (eaygcuitry) that performs those task or
tasks during operation. As such, the unit/circoitdponent can be said to be configured
to perform the task even when the specified untiti/component is not currently
operational (e.g., is not on). The units/circut®hponents used with the “configured to”
language include hardware—for example, circuitsmoy storing program instructions
executable to implement the operation, etc. Regitimat a unit/circuit/component is
“configured to” perform one or more tasks is exphgsntended not to invoke 35 U.S.C.
§ 112(f) for that unit/circuit/component. Additidha “configured to” can include generic
structure (e.g., generic circuitry) that is mangtat by software and/or firmware (e.g., an
FPGA or a general-purpose processor executing amfwo operate in manner that is
capable of performing the task(s) at issue. “Camégto” may also include adapting a
manufacturing process (e.g., a semiconductor fatioic facility) to fabricate devices

(e.g., integrated circuits) that are adapted tdement or perform one or more tasks.

[0013] “First,” “Second,” etc. As used herein, these tearesused as labels for nouns
that they precede, and do not imply any type okong) (e.g., spatial, temporal, logical,
etc.). For example, a buffer circuit may be desaitherein as performing write
operations for “first” and “second” values. The nbar “first” and “second” do not

necessarily imply that the first value must be t@rtbefore the second value.
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[0014] “Based On.” As used herein, this term is used sxdlee one or more factors
that affect a determination. This term does naédtmse additional factors that may affect
a determination. That is, a determination may bel\sbased on those factors or based, at
least in part, on those factors. Consider the ghtdstermine A based on B.” While in
this case, B is a factor that affects the detertiinaof A, such a phrase does not
foreclose the determination of A from also beingdzhon C. In other instances, A may

be determined based solely on B.
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DETAILED DESCRIPTION

[0015] Various embodiments may implement an asymmetri@ 2o Fresnel lens.
In order to capture image data for an event, opgacbther scene in the field of view of
an image sensor, additional light may be focusedtioerwise directed into the field of
view. In this way, deficiencies or characteristmfs natural or other lighting may be
balanced, counteracted, or otherwise compensatedlitioin the field of view. To direct
light into the field of view, different types ofriees or reflectors may be implemented to
receive and redirect light into the field of viefwor example, a total internal reflective
(TIR) lens or a curved reflector may redirect armhaentrate received light into a

particular direction, pattern, or location withhretfield of view.

[0016] A Fresnel lens may be implemented, in various enmbents, to receive light
emitted from a light source, in order to redirdw tight into a field of view of an image
sensor. A Fresnel lens may implement multiple zol#gh zone may include one or
more sub-zones. A sub-zone may include one or segments or surface elements (e.g.,
ridges, “teeth”, grooves, or other features, likesmps) that redirect light in order to
illuminate different or the same portions of adialf view for the image sensor. Each
sub-zone within a same zone may share one or nhamacteristics across the zone. For
example, the type of sub-zone, symmetric or asymmenay be shared by two sub-
zones in a same zone (as discussed below in FIESC3. Sub-zones may also have
different characteristics within a same zone. Hwtance, a zone may include two
asymmetric sub-zones each with different forms $fnanetry (e.g., different surface
measurements at different locations in the zone)aorone may include both an

asymmetric sub-zone and symmetric sub-zone.

[0017] A sub-zone may be described in different ways. doth” segment, such as
the “teeth” segments illustrated in FIGS. 1 - 4yrba defined by an angle with respect
to an inner surface (with respect to the centethef Fresnel lens) of the segment} a

angle with respect to an outer surface (with ressfethe center of the Fresnel lens) of the
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segment, and a surface radiug #®r the outer surface. The inner surface and outer
surface of the segment may be joined together‘peak” of the “tooth.” Note that other
measurements may be used to describe a segmernaditie R for the inner surface may
also be described, as can the height of the pealength of a surface, in various
embodiments. Sub-zones may adjoin one anothehdritboth” example given above,
the outer surface of one “tooth” may join the inserface of an adjacent “tooth” as a
“valley” between the “peaks” of the “teeth.” In serembodiments, a sub-zone may not
traverse the entire circumference around the cegitarlens, as illustrated in FIG. 4 for

example.

[0018] Different zones (or sub-zones) of the Fresnel leay receive light from the
light source at different angles (e.g., becausa ®80° spread from a light source). The
zones may then collimate the light from the différangles so that the light is redirected
out from the Fresnel lens in parallel directiongpi€ally, a Fresnel lens may implement
zones that include symmetric zones with symmetile-z0nes and/or segments in order
to redirect received light from a light source irgpace. For example, as illustrated in
FIG. 1A, light source 103 may emit light that iseeved at Fresnel lens with symmetric
zones 107 and redirected to provide an illuminapatiern 109 in object space. In such
an implementation, light source 103 is placed stagice from the Fresnel lens 107 that is
equivalent to a focal length 110 of Fresnel leng, Mdhich may achieve an illumination
uniformity of greater than 50%. Such illuminationiformity may be highly desirable in
order to provide uniform effect to balance, couater or compensate for other light

sources captured in the field of view.

[0019] A focal length of a Fresnel lens, such as Fressred IL07 may be determined
in different ways. In some embodiments the focabte may be specified for the entire
Fresnel lens and applicable to each sub-zone ofitéenel lens. In some embodiments,
the focal length of the Fresnel lens may be spetifindividual zones, sub-zones, or any
other segments or surfaces of the Fresnel lenss diterent zones, sub-zones, or any

other segments or surfaces of the same Fresnailapfave different focal lengths.
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[0020] In order to reduce the space occupied by the dpsgatem providing
illumination, the height of the optical system daa reduced, moving the light source
closer to the Fresnel lens. For example, FIG. iBtilates an optical system where light
source 113 has a distance 115 from the same Fresiselvith symmetric zones 107 that
is less than focal length 110 for Fresnel lens (idvich may be less than the focal length
distance of the Fresnel lens overall or less thanfocal length distance of any one (or
more) zones, sub-zones, segments or other surf#césesnel lens 107). In such a
scenario, some of the light received from sourcg dihy be redirected outside of the
field of view (as illustrated by the dash lines @oegnfrom lens 107), resulting in an
illumination uniformity 119 that is less uniform.ge, less than 25% uniformity). In this
example, the space savings achieved by shortehi@chéight of the optical system,
resulting in illumination performance that is interto the optical system of greater
height, depicted in FIG. 1A.

[0021] In order to achieve space savings without losihgnination performance, a
Fresnel lens with one or more asymmetric zones bmyimplemented, in various
embodiments. For example, in FIG. 1C, Fresnel I&%includes asymmetric zones 131
and 133. These asymmetric zones may provide |l@zhlgurfaces that are radially
asymmetric, such as the asymmetric surfaces disdussow with regard to FIGS. 2 — 4.
Thus, the surface at one location in the zone,(thg.surface of a zone along a radius of
45° of the Fresnel lens) may different than thdamar at another location in the same
zone (e.g., the surface of the zone at a radiu0dfof the Fresnel lens). Asymmetric
zones allow for Fresnel lens 127 to redirect liglteived at the asymmetric zone from a
light source 123 that is a distance 125 withinfteal length 110 back within the field of
view, negating some or all of the negative effextplacing the light source 123 in a
location that is out of focus with respect to Fedslens 127 (e.g., light that would
otherwise be directed out of the field of view giue location of light source 123, such
as is depicted in FIG. 1B). In this way, asymmetones 131 and 133 may be combined

with symmetric zones in Fresnel lens 127 to impleinaa optical system that provides an
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illumination uniformity 129 (e.g., greater than 5p#at is similar, comparable, or better
than the illumination uniformity of an optical sgst with an in-focus light source (e.g.,
illumination uniformity 109), while retaining thésrter optical system height. An optical
system with a shorter height can allow systems,pmrants, or devices, such as a mobile
computing device, that embed or implement the aptigstem to provide illumination for

an image sensor to be thinner without sacrificlhgriination performance.

[0022] FIG. 2 illustrates a Fresnel lens that includestiplel asymmetric zones,
according to some embodiments. Fresnel lens 21&mgnts multiple zones, including
asymmetric zone 230 and symmetric zone 240. Thect®h and placement of
asymmetric zones 230 and 231 and symmetric zor@sn24 be relative to the shape and
distance of light source 220 from Fresnel lens @)determined by the desired optical
system height). For example, some zones may begladly within the dimensions of a
light source so that the outer boundaries of threezin not extend beyond the light source
edges, such as symmetric zone 240 and asymmetrec280. In such cases, a zone may
be placed so that the zone is inscribed withiritjie source dimensions so that the outer
boundaries of the zone is tangent with one or righ¢ source edges, such as asymmetric
zone 230. Zones may also be placed in order tdapgaroverlap with light source
dimensions so that at least some portion of the zowithin the light source edges, such
as asymmetric zone 231. Partial overlap may beeamphted within different ways. For
example, as depicted in FIG. 2, asymmetric zoner@8y include an outer boundary that
is fully outside of the edges of the light souroel @an inner boundary that is fully within
the edges of the light source. Alternatively, ihestembodiments, a zone could include
an outer boundary that is fully outside of the edgé the light source and an inner
boundary that is partially within the edges of liglt source, or a zone could include an
outer boundary that is partially outside of the exi@f the light source and an inner
boundary that is fully within the edges of the tiglource. Zones may also be placed such
that the boundaries of the zone are fully outsifiahe light source edges, such as

symmetric zone 250.
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[0023] The selection, arrangement, and characteristie®és in a Fresnel lens may
be varied in order to provide a desired illuminatmattern or uniformity when the light
source is within a focal length of the Fresnel léffse implementation of one zone may
guide the implementation of another zone. The gearent of symmetric zones and the
way in which light is directed by the symmetric zamay illuminate certain portions of a
field of view, and thus may determine the selectemangement, and characteristics of
one or more asymmetric zones in the Fresnel lanstder to illuminate other portions in
the field of view to achieve a desired illuminatipattern or uniformity. Zones that invert
light to cross over the center of the Fresnel lersnstance, may be combined with other
zones that are non-inverting so that light doesanoss over the center of the Fresnel
lens, as discussed in detail below with regard It6. B. Zones that include a central
region of the Fresnel lens may strongly influertee ittumination pattern (e.g., a circular
illumination pattern) so that one or more zones #na outside of the central region may
compensate to create a different illumination pat{e.g., a square illumination pattern).
For example, the larger the diameter of the ceméigibn, the greater the amount of light
is directed by the central region, which would &ase the amount of compensation to be
provided by asymmetric zones outside of the cemnegion in order to modify the

illumination pattern.

[0024] Although depicted as square, light source 220 cbeldmplemented in non-
square shapes (e.g., rectangular, circular, etcthat the boundaries of different zones
within, overlapping, or outside of light source 22@y change. Thus, the illustration of a
light source or selection of asymmetric or symneesones within Fresnel lens 210 is
illustrative, and not intended to be limiting. Téige and/or shape of light source 220 may
also guide the implementation of different zoneas. iRstance, the size of the light source
may determine the size of asymmetric zones (asiieeof the asymmetric zones may be
increased to compensate for the increased sizéeoflight source), which may also
determine the size of a central region of the Feklams. Similarly the shape of the light
source may determine the shape of the Fresnel(¢egs a rectangular light source may

be focused using oval shaped segments in a Friesrsebr a circular light source may be
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focused using square shaped segments in a Fremm&). INote also that, in some
embodiments, the height of the optical system maylépendent on the shape of light
source 220. For example, system height may behessthe source width of light source
220.

[0025] In at least some embodiments, the implementaticessginmetric zones, such
as asymmetric zone 230 or 231, may be implemertear@ing to a sinusoidal pattern so
that the variations in asymmetric zone surfaces Ipeggeriodic. For example, a rotational
diamond tooling path for shaping a lens segmeritadaia oscillate in a direction (e.g., Z-
axis) while rotating along a circumference of tieater of the Fresnel lens can be used to
generate a sinusoidal pattern on a surface thatcoraplete the pattern every 90°. In this
way, a cross section of the lens at 0° includingrasetric zones 230 and 231 would be
different than a cross section of the lens at #6fuding zone 230 and 231, as discussed
below with regard to FIGS. 3A-3C. However, in soemabodiments, asymmetry may
have no pattern or varying patterns (e.g., differeagnitudes in variation, portions of the

zone that have a pattern followed by portions efsame zone with no pattern).

[0026] The surfaces of an asymmetric zone may be implesdeantdifferent ways in

order to achieve the redirection of light to diéfet portions of a field of view. FIG. 3A

illustrates example cross sections of differentnasgtric zones of a Fresnel lens,
according to some embodiments. Zones (e.g., zof®sa, 3310b, 310c, and 310d) of
different types (e.g., asymmetric, symmetric, orehmgeneous (not illustrated)) may be
depicted at a 0° cross section and a 45° crosese&ome zones may include multiple
sub-zones, such as zone 310a which includes susZtPa and 312b, and zone 310d
which includes sub-zones 312e, 312f, and so onlewdther zones may include only a
single sub-zone, such as zone 310b which includeszene 312c and zone 310c which

includes sub-zone 312d.

[0027] Different features of the sub-zones may be destribeorder to define the

changes to the zone surface that may occur in asynenzones, in some embodiments.

Page 12



For example, as discussed previously and illustrateFIG. 3A, each sub-zone may be
defined by three different values,angle with respect to an inner surface of the sub-
zone(with respect to a center of the Fresnel lehsch is represented by zone 310a), in
some embodiments. The inner surface may, in someo@iments, act as refractive
surface. The sub-zone may also be describedpbgragle with respect to an outer surface
of the sub-zone (with respect to a center of treskel lens). The outer surface may, in
some embodiments, act as a TIR surface. The outiace may also be described by a
surface radius K In other embodiments, a different combination & $ame or different
measurements may be implemented, such as the heightib-zones surfaces (not

illustrated).

[0028] As noted in the charts accompanying the crossaestiree form zones may
be described by the different angles and other umeasfor the sub-zone at the cross
section degree (like the 0° and 45° cross seciitustrated in the top view of Fresnel
lens 210 in FIG. 2). For example, in one examplEI@. 3A, theo angle is illustrated as
fixed from one cross section to another, while sabe 312c may have faangle for a
surface that changes frofis;oc at 0° cross section tfszipc + 8312¢c at 45° (whered
represents the change in the angle), and in sub-2b8d,} angle changes froiffs;»q at

0° cross section tPsi124 - 03124at 45°. Note that a different sub-zone may havéfarent
asymmetry. For instance, sub-zone 312d is alsoctégbias having a change in surface
radius value fromr's;oq at 0° cross section 03124 - (3124 at 45° (wherd represents the
change in the angle). In another example illustkateFIG. 3A, thef angle is illustrated
as fixed from one cross section to another, whilezone 312c may have arangle for a
surface that changes from;,c at 0° cross section @1 + d312cat 45°, and in sub-zone
312d,a angle changes froms;oq at 0° cross section @124 - 03129at 45° (along with a

change in surface radius value frafgoqat 0° cross section 863124 - (312qat 45°).
[0029] FIG. 3B illustrates other examples of cross sestiohdifferent asymmetric
zones of a Fresnel lens, according to some embodsmin one example, theangle is

illustrated as fixed from one cross section to hegtwhile sub-zone 312c may havp a
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angle for a surface that changes frips1pc at 0° cross section f8;2c + 6312cat 45°, in sub-
zone 312d, where theangle changes froffzioq at 0° cross section 3124 - d3124at 45°
(along with a change in surface radius value fif1pg at 0° cross section 63124 - (3124
at 45°), and in subzone 312e, where firengle changes frofi;2. at 0° cross section to
B312e - 0312¢at 45°. In another example illustrated in FIG. 8 f angle is illustrated as
fixed from one cross section to another, while sabe 312c may have anangle for a
surface that changes framg,oc at 0° cross section w1, + 312cat 45°, in sub-zone 312d,
a angle changes fromg;2q at 0° cross section ;24 - d312¢at 45° (along with a change
in surface radius value fronisioq at 0° cross section 03124 - {3124 at 45°), and in sub-

zone 312eq angle changes fromgizeat 0° cross section t2¢- d312¢at 45°.

[0030] FIG. 3C illustrates another example of cross sastiaf different asymmetric
zones of a Fresnel lens, according to some embodésmin one example illustrated in
FIG. 3C, thea angle is illustrated as fixed from one cross secto another, while sub-
zone 312c¢ may havefaangle for a surface that changes frpspc at 0° cross section to
Ba12c + 0312cat 45° and a surface radiug Rat changes fromrs;oc at 0° cross section to
Y312¢ - (312cat 45°. Sub-zone 312d may hav@ angle for a surface that changes from
Bs12q4 @t 0° cross section {8124 - 6312q4at 45° and a surface radiug Bat changes from
Y3124 @t 0° cross section 03124 - (312q4at 45°. Sub-zone 312e may hav@ angle for a
surface that changes frofaize at 0° cross section tfsi0e - d312¢at 45° and a surface
radius R that changes fromr'z;ze at 0° cross section tWsize - (312¢at 45°. In another
example illustrated in FIG. 3C, tifieangle is illustrated as fixed from one cross secto
another, while sub-zone 312c may haveiramgle for a surface that changes fr@p. at
0° cross section t@z;oc + 8312cat 45° and a surface radiug fRat changes froni'z xc at 0°
Cross section tQ's1xc - (z1z2cat 45°. In sub-zone 312d, angle changes frommioq at 0°
Cross section tagzizq - 6312¢at 45° and a surface radiug €hanges fron¥'s;o4 at 0° cross
section toY'3124 - (312¢4at 45°, and in sub-zone 312eangle changes fromg;,cat 0° cross
section tougize- 0312¢at 45° and a surface radiug €hanges from'z;zcat 0° cross section

to Y312e - C312eat 45°,
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[0031] Please note that illustrated measures and charegesilobd for asymmetric
zones as discussed above with regard to FIGS. 3C-are merely illustrations of
possible changes to implement radial asymmetrynimagymmetric zone and are not
intended to be limiting. For example, instead cdraifing angle valuesy angle values
may be changed or bothandp angle values may be changed. In some embodiments,
each degree (or portion of a degree) of the lersZzone (e.g., from 0° to 359°) may be
individually and/or custom defined, while in ottembodiments a sinusoidal, periodic, or
other repeating pattern, function, or descriptioaynbe used to define the changes to
surfaces in the zone. In this way, different parsiof a zone or sub-zone may provide

different characteristics for redirecting light.

[0032] Different sub-zones may have different forms ofiahdsymmetry within a
zone. For example, one sub-zone may implementusaidal pattern of asymmetry while
an adjacent sub-zone may implement a non-patteforead of asymmetry. The same
pattern of asymmetry may be implemented by diffesrb-zones at different locations
within a zone. For instance, the same sinusoiddkepamay be implemented at two
different subzones so that at any cross sectidheo$ub-zones, the phase of the pattern is
different. Such differences between asymmetric aresubzones may redirect light in
different ways. For example, FIG. 4 illustratesradfel lens with multiple asymmetric
zones that redirect light to different portions affield of view, according to some
embodiments. Asymmetric zone 410 may be implemewnttddifferent characteristics to
direct light to different outer portions in objegppace. The redirection of the light may
provide non-inverted illumination 412 (which maytmedirect light across the center of
the object space). In the same Fresnel lens, asiniorzene 420 may provide another
form of non-inverted illumination 422 (e.g., reditiag light to the different corners of
the object space). In another asymmetric zonedrséime Fresnel lens, asymmetric zone
430 may redirect light to provide an inverted ilimation 432 (which may redirect light
across the center of the object space to a commaiomp of the object space). The

combined redirection of light from the differentyasmetric zones (e.g., as well as other
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symmetric zones) may enhance the uniformity of ithemination provided in object

space.

[0033] As depicted in FIG. 4 (and FIG. 5 discussed belowtiple Fresnel lenses
may be combined with different characteristics ohes or sub-zones according to the
placement of the Fresnel lens with respect to oEresnel lenses. In these and other
scenarios, different subzones of the lens mayrawetse the entire circumference around
the center of a lens (as illustrated in FIG. 4) maty still be radially asymmetric with
respect to the center of the lens according tover®us techniques discussed above, in
some embodiments. Moreover, the placement of éifietypes of sub-zones within a
larger zone may share one common characteristic, @.fixed surface radius Ro) but
differ in terms of radial asymmetry (e.g., a symmeesub-zone may be adjacent to an
asymmetric sub-zone). Different combinations, ardgy, and arrangements of one or
more Fresnel lenses that utilize radial asymmetd/@& zones (or sub-zones) within the
Fresnel lenses may offer many different possililenination patterns, and thus previous

examples are not intended to be limiting.

[0034] FIG. 5 illustrates a mobile computing device thapiements an embedded
light module that provides illumination for an ineagsensor, according to some
embodiments. Mobile device 502 may be a mobile phgrersonal digital assistant,
laptop, notebook, netbook computer, handheld coempebnsumer device, video game
console, handheld video game device, media playbagice, storage device, or other
computing device, such as portable multifunctiomick 700 discussed below with regard
to FIGS. 7A — 7C. Image sensor 510 may include ameultiple image sensor devices
(e.g., cameras). For example, image sensor 510 inGdyde a wide-angle camera,
telephoto camera, both wide-angle camera and telegtamera, or a hybrid camera that

is configured to operate in both a wide-angle ahejhoto mode.

[0035] Light source module 504 may be the same as lightceomodule 604

discussed below with regard to FIG. 6 and may b#rotbed by a controller, such as
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controller 602. Light source module 504 includegs on multiple illumination elements,
such as illumination elements 512, 5 7, 516, ar®] @hich may be the same or different
type of illumination element (e.g., such as a lightitting diode (LED) or laser diode),
and which may be the same or different shape (®gare, rectangle, circle, etc.) and/or
size of shape (e.g., different size rectangles) anovide the same or different

illumination patterns.

[0036] Light source module 504 may include one or multiptesnel lenses, such as
Fresnel lens 522, 524, 526, and 528 that are ingidmd to receive light from a

corresponding one of the illumination elements. SeheFresnel lenses may be
implemented in single package, in some embodimeatghat the concentric features,
zones, or elements, may account for the redireqtroperties of other features, zones, or
elements on other lenses. For example, Fresnel52asnay include asymmetric zones
that redirect light to illuminate portions in alfieof view that are not illuminated by

Fresnel lens 524 or Fresnel lens 526. Moreoverh daesnel lens may implement

different numbers and/or types of zones (e.g., asgtric or symmetric) and sub-zones,
with different types of radial asymmetry for theymsnetric zones (e.g., surfaces varied

according to the different measures discussed abalhaegard to FIGS. 3A-3C).

[0037] Mobile computing device 502 may utilize light soaimmodule 504 to enhance
the image data captured by image sensor 510. Feon@e, in order to illuminate a dark
scene, an illumination element may be directed ot dight. The intensity of light
emitted by the light source module may be changedifterent illumination elements
utilized in order to take advantage of the differdlumination effects provided by
different asymmetric Fresnel lenses in the lighiree module, in some embodiments.
For example, a controller may receive lighting mfiation from a camera or a light
sensor and select different illumination elemettisg utilizing the corresponding Fresnel
lens of the selected illumination element) accaydio lighting conditions in a field of
view of a camera associated with a light source uteodn such an example, the image

sensor may provide image sensitivity settings, cartt®O settings, shutter speed settings,
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etc. to a controller so that the controller can enakich a determination about which
illumination elements (or the intensity of the ligkemitted from the illumination
elements) to select in order to better illuminatecane based on the received lighting
condition information.

[0038] FIG. 6 illustrates a logical block diagram of a wotler and light source
module, according to some embodiments. A controleich as controller 602, may
receive lighting information from an image sensmrgcommand from a host system, or
other information to determine which illuminatiolement(s) 614to instruct to emit light.
Controller 602 may, for instance, receive a commaddating that particular setting has
been selected for capturing image data (e.g., restype), and thus may determine which
illumination elements are to be used correspontbritpe selected scene type. In another
example, controller 602 may analyze lighting infatron to determine the intensity of
light to emit from one or more illumination elemenl14. Controller 602 may be
implemented in hardware and/or in software. In s@mdodiments, controller 602 may
be implemented by one or more processors and meofoay mobile device, such as
processors 720 and memory 702 of portable multifanadevice 700 as discussed below
with regard to FIG. 7C. Controller 602 may send onenore signals to a light source
module 604, that includes illumination element(d46and Fresnel lens(es) 616, to
instruct illumination element(s) 614to emit lighbiwh may then be received by Fresnel

lens(es) 616 and focused into a space externgjltodource module 604.

[0039] Embodiments of electronic devices in which emboditseof light source

modules, image sensors, etc. as described hergirbenased, user interfaces for such
devices, and associated processes for using switedere described. As noted above,
in some embodiments, light source modules, imageass, and controllers, etc. can be
included in a mobile computing device which canlude a camera device. In some
embodiments, the device is a portable communicatidavice, such as a mobile
telephone, that also contains other functions, siscRDA and/or music player functions.
Other portable electronic devices, such as laptopl,phones, pad devices, or tablet

computers with touch-sensitive surfaces (e.g.,hamreen displays and/or touch pads),
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may also be used. It should also be understoodithabme embodiments, the device is
not a portable communications device, but is a tgskomputer with a touch-sensitive
surface (e.g., a touch screen display and/or ahtgad). In some embodiments, the
device is a gaming computer with orientation semnd@.g., orientation sensors in a
gaming controller). In other embodiments, the devg not a portable communications

device, but is a camera device.

[0040] In the discussion that follows, an electronic dewicat includes a display and
a touch-sensitive surface is described. It showtd understood, however, that the
electronic device may include one or more otherspay user-interface devices, such as a

physical keyboard, a mouse and/or a joystick.

[0041] The device typically supports a variety of appli@as, such as one or more of
the following: a drawing application, a presentatiapplication, a word processing
application, a website creation application, a dsithoring application, a spreadsheet
application, a gaming application, a telephone iappbn, a video conferencing
application, an e-mail application, an instant ragssgy application, a workout support
application, a photo management application, aaligamera application, a digital video
camera application, a web browsing applicationiggal music player application, and/or

a digital video player application.

[0042] The various applications that may be executed end#vice may use one or
more common physical user-interface devices, sac¢hatouch-sensitive surface. One or
more functions of the touch-sensitive surface adl we corresponding information
displayed on the device may be adjusted and/oe&drom one application to the next
and/or within a respective application. In this waycommon physical architecture (such
as the touch-sensitive surface) of the device migpart the variety of applications with

user interfaces that are intuitive and transpauettie user.
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[0043] Attention is now directed toward embodiments of tpble devices with
cameras. FIG. 7B is a block diagram illustratingtgiole multifunction device 700 with
camera 770 in accordance with some embodiments. FBGillustrates camera 770,
which is sometimes called an "optical sensor" fam@nience, and may also be known as
or called an optical sensor system. In additionltifoaction device 700 includes optical
sensor 764 illustrated in FIG. 7A on an oppositee ©f multifunction device 700 from

camera 770.

[0044] Referring to FIG. 7C, device 700 may include mem@f2 (which may
include one or more computer readable storage mexjjumemory controller 722, one or
more processing units (CPU’s) 720, peripheralsriate 718, RF circuitry 709, audio
circuitry 710, speaker 711, touch-sensitive dispkystem 712, microphone 713,
input/output (1/0O) subsystem 706, other input ontcol devices 716, and external port
724. Device 700 may include one or more opticassen764. These components may

communicate over one or more communication busegoal lines 703.

[0045] It should be appreciated that device 700 is onlg erample of a portable
multifunction device, and that device 700 may havare or fewer components than
shown, may combine two or more components, or naag la different configuration or
arrangement of the components. The various compsrarown in FIG. 7C may be
implemented in hardware, software, or a combinatainhardware and software,

including one or more signal processing and/oriappbn specific integrated circuits.

[0046] Memory 702 may include high-speed random accessameand may also

include non-volatile memory, such as one or morgmatc disk storage devices, flash
memory devices, or other non-volatile solid-statemmory devices. Access to memory
702 by other components of device 700, such as THJand the peripherals interface

718, may be controlled by memory controller 722.
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[0047] Peripherals interface 718 can be used to coupl# spd output peripherals of
the device to CPU 720 and memory 702. The one oe pimcessors 720 run or execute
various software programs and/or sets of instrastistored in memory 702 to perform

various functions for device 700 and to procesa.dat

[0048] In some embodiments, peripherals interface 718, GRO, and memory
controller 722 may be implemented on a single chygh as chip 705. In some other

embodiments, they may be implemented on separgis.ch

[0049] RF (radio frequency) circuitry 709 receives anddseRF signals, also called
electromagnetic signals. RF circuitry 709 convertectrical signals to/from

electromagnetic signals and communicates with conications networks and other
communications devices via the electromagneticadsgrRF circuitry 709 may include
well-known circuitry for performing these functignscluding but not limited to an

antenna system, an RF transceiver, one or moreifeergl a tuner, one or more
oscillators, a digital signal processor, a CODEGs#t, a subscriber identity module
(SIM) card, memory, and so forth. RF circuitry 78@y communicate with networks,
such as the Internet, also referred to as the Witk Web (WWW), an intranet and/or
a wireless network, such as a cellular telephonear&, a wireless local area network
(LAN) and/or a metropolitan area network (MAN), amwther devices by wireless
communication. The wireless communication may ugey af a variety of

communications standards, protocols and techndogrecluding but not limited to

Global System for Mobile Communications (GSM), Emted Data GSM Environment
(EDGE), high-speed downlink packet access (HSDR#Ah-speed uplink packet access
(HSUPA), wideband code division multiple access QUMA), code division multiple

access (CDMA), time division multiple access (TDMAluetooth, Wireless Fidelity

(Wi-Fi) (e.g., IEEE 802.11a, IEEE 802.11b, IEEE 802 and/or IEEE 802.11n), voice
over Internet Protocol (VoIP), Wi-MAX, a protocobrf e-mail (e.g., Internet message
access protocol (IMAP) and/or post office proto¢BIOP)), instant messaging (e.g.,

extensible messaging and presence protocol (XMBB$§sion Initiation Protocol for
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Instant Messaging and Presence Leveraging Exteng®MPLE), Instant Messaging
and Presence Service (IMPS)), and/or Short MesSsgeice (SMS), or any other
suitable communication protocol, including commuati@en protocols not yet developed

as of the filing date of this document.

[0050] Audio circuitry 710, speaker 711, and microphone& fitovide an audio

interface between a user and device 700. Audiaiitixc710 receives audio data from
peripherals interface 718, converts the audio ttata electrical signal, and transmits the
electrical signal to speaker 711. Speaker 711 atgtbe electrical signal to human-
audible sound waves. Audio circuitry 710 also reesielectrical signals converted by
microphone 713 from sound waves. Audio circuitry) €bnverts the electrical signal to
audio data and transmits the audio data to pem@harterface 718 for processing. Audio
data may be retrieved from and/or transmitted tonorg 702 and/or RF circuitry 709 by

peripherals interface 718. In some embodimentsjoaanicuitry 710 also includes a

headset jack (e.g., 712, FIG. 7A-B). The heads#t paovides an interface between audio
circuitry 710 and removable audio input/output plkeerals, such as output-only
headphones or a headset with both output (e.geadphone for one or both ears) and

input (e.g., a microphone).

[0051] I/O subsystem 706 couples input/output periphesalsdevice 700, such as
touch screen 712 and other input control device® . peripherals interface 718. 1/0
subsystem 706 may include display controller 756 @me or more input controllers 760
for other input or control devices. The one or mmngut controllers 716 receive/send
electrical signals from/to other input or contra@vites 716. The other input control
devices 716 may include physical buttons (e.g.hpgudtons, rocker buttons, etc.), dials,
slider switches, joysticks, click wheels, and sghioln some alternative embodiments,
input controller(s) 760 may be coupled to any (on&) of the following: a keyboard,
infrared port, USB port, and a pointer device sasha mouse. The one or more buttons

(e.q., 708, FIG. 7A-B) may include an up/down battor volume control of speaker 711
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and/or microphone 713. The one or more buttons imgyde a push button (e.g., 707,
FIG. 7A-B).

[0052] Touch-sensitive display 712 provides an input fam and an output

interface between the device and a user. Displayraiter 756 receives and/or sends
electrical signals from/to touch screen 712. Tosmieen 712 displays visual output to the
user. The visual output may include graphics, tedns, video, and any combination
thereof (collectively termed "graphics"). In sommab®diments, some or all of the visual

output may correspond to user-interface objects.

[0053] Touch screen 712 has a touch-sensitive surfacepsen set of sensors that
accepts input from the user based on haptic ataétite contact. Touch screen 712 and
display controller 756 (along with any associateadoles and/or sets of instructions in
memory 702) detect contact (and any movement aakiorg of the contact) on touch
screen 712 and converts the detected contactntecaction with user-interface objects
(e.g., one or more soft keys, icons, web pagesnages) that are displayed on touch
screen 712. In an example embodiment, a point fach between touch screen 712 and

the user corresponds to a finger of the user.

[0054] Touch screen 712 may use LCD (liquid crystal digplkechnology, LPD
(light emitting polymer display) technology, or LE(ght emitting diode) technology,
although other display technologies may be usadhiar embodiments. Touch screen 712
and display controller 756 may detect contact amg movement or breaking thereof
using any of a variety of touch sensing techno®giew known or later developed,
including but not limited to capacitive, resistiviefrared, and surface acoustic wave
technologies, as well as other proximity sensaayerior other elements for determining
one or more points of contact with touch screen.h2an example embodiment,

projected mutual capacitance sensing technologybeaysed.
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[0055] Touch screen 712 may have a video resolution ileexof 100 dots per inch
(dpi). In some embodiments, the touch screen hasled resolution of approximately
160 dpi. The user may make contact with touch sci&® using any suitable object or
appendage, such as a stylus, a finger, and so. flortiome embodiments, the user
interface is designed to work primarily with fingeased contacts and gestures, which can
be less precise than stylus-based input due ttather area of contact of a finger on the
touch screen. In some embodiments, the devicelatassthe rough finger-based input
into a precise pointer/cursor position or commamdperforming the actions desired by

the user.

[0056] In some embodiments, in addition to the touch sgrdevice 700 may include
a touchpad (not shown) for activating or deactnhgtparticular functions. In some
embodiments, the touchpad is a touch-sensitive @lrélae device that, unlike the touch
screen, does not display visual output. The toudpay be a touch-sensitive surface that
is separate from touch screen 712 or an extenditimeatouch-sensitive surface formed

by the touch screen.

[0057] Device 700 also includes power system 762 for pmgethe various

components. Power system 762 may include a poweagement system, one or more
power sources (e.g., battery, alternating curré@@)), a recharging system, a power
failure detection circuit, a power converter orener, a power status indicator (e.g., a
light-emitting diode (LED)) and any other comporserssociated with the generation,

management and distribution of power in portablaates.

[0058] Device 700 may also include one or more opticatsenor cameras 764. FIG.
7C shows an optical sensor coupled to optical sesmuroller 758 in /0O subsystem 706.
Optical sensor 764 may include charge-coupled @e¢@CD) or complementary metal-
oxide semiconductor (CMOS) phototransistors. Opseasor 764 receives light from the
environment, projected through one or more lens] aonverts the light to data

representing an image. In conjunction with imagmgdule 743 (also called a camera
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module), optical sensor 764 may capture still insagievideo. In some embodiments, an
optical sensor is located on the back of device @Pfosite touch screen display 712 on
the front of the device, so that the touch scraesplay may be used as a viewfinder for
still and/or video image acquisition. In some embuahts, another optical sensor is
located on the front of the device so that the 'ssenage may be obtained for
videoconferencing while the user views the othetesconference participants on the

touch screen display.

[0059] Device 700 may also include one or more proximgpsers 766. FIG. 7C
shows proximity sensor 766 coupled to peripheraksriace 718. Alternatively, proximity
sensor 766 may be coupled to input controller #®0/© subsystem 706. In some
embodiments, the proximity sensor turns off andallliss touch screen 712 when the
multifunction device is placed near the user's(ea., when the user is making a phone

call).

[0060] Device 700 includes one or more orientation senso88. In some
embodiments, the one or more orientation sensatsda one or more accelerometers
(e.g., one or more linear accelerometers and/ooomeore rotational accelerometers). In
some embodiments, the one or more orientation semscdude one or more gyroscopes.
In some embodiments, the one or more orientatiomsas include one or more
magnetometers. In some embodiments, the one or on@r@ation sensors include one or
more of global positioning system (GPS), Global igation Satellite System
(GLONASS), and/or other global navigation systeroereers. The GPS, GLONASS,
and/or other global navigation system receivers f@aysed for obtaining information
concerning the location and orientation (e.g., nadtrtor landscape) of device 700. In
some embodiments, the one or more orientation serisolude any combination of
orientation/rotation sensors. FIG. 7C shows the onemore orientation sensors 768
coupled to peripherals interface 718. Alternativéhe one or more orientation sensors
768 may be coupled to an input controller 760 i@® lsubsystem 706. In some

embodiments, information is displayed on the tositeen display in a portrait view or a
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landscape view based on an analysis of data ret&ween the one or more orientation

Sensors.

[0061] In some embodiments, the software components stor@@mory 702 include
operating system 726, communication module (opkgtstructions) 728, contact/motion
module (or set of instructions) 730, graphics medidr set of instructions) 732, text
input module (or set of instructions) 734, Globak®oning System (GPS) module (or
set of instructions) 735, and applications (or s#ténstructions) 736. Furthermore, in
some embodiments memory 702 stores device/globatnal state 757. Device/global
internal state 757 includes one or more of. actpglication state, indicating which
applications, if any, are currently active; disptgte, indicating what applications, views
or other information occupy various regions of towcreen display 712; sensor state,
including information obtained from the device'srieas sensors and input control

devices 716; and location information concernirggdbvice’s location and/or attitude.

[0062] Operating system 726 (e.g., Darwin, RTXC, LINUX, DN OS X,
WINDOWS, or an embedded operating system such a#/ovks) includes various
software components and/or drivers for controllargl managing general system tasks
(e.g., memory management, storage device contr@mlyep management, etc.) and

facilitates communication between various hardveae software components.

[0063] Communication module 728 facilitates communicatisith other devices

over one or more external ports 724 and also imdudarious software components for
handling data received by RF circuitry 709 anditemal port 724. External port 724
(e.g., Universal Serial Bus (USB), FIREWIRE, etis.Jadapted for coupling directly to

other devices or indirectly over a network (e.lge Internet, wireless LAN, etc.).
[0064] Contact/motion module 730 may detect contact withich screen 712 (in
conjunction with display controller 756) and otheuch sensitive devices (e.g., a

touchpad or physical click wheel). Contact/motioadule 730 includes various software
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components for performing various operations relate detection of contact, such as
determining if contact has occurred (e.g., detgcéirfinger-down event), determining if
there is movement of the contact and tracking tllwament across the touch-sensitive
surface (e.g., detecting one or more finger-draggiwents), and determining if the
contact has ceased (e.g., detecting a finger-upntewe a break in contact).
Contact/motion module 730 receives contact datan ftbe touch-sensitive surface.
Determining movement of the point of contact, whighepresented by a series of contact
data, may include determining speed (magnituddpcitg (magnitude and direction),
and/or an acceleration (a change in magnitude amlifection) of the point of contact.
These operations may be applied to single contgets, one finger contacts) or to
multiple simultaneous contacts (e.g., "multitouamltiple finger contacts). In some
embodiments, contact/motion module 730 and disptatroller 756 detect contact on a

touchpad.

[0065] Contact/motion module 730 may detect a gesturetibgua user. Different
gestures on the touch-sensitive surface have diffecontact patterns. Thus, a gesture
may be detected by detecting a particular contaitem. For example, detecting a finger
tap gesture includes detecting a finger-down efaldwed by detecting a finger-up (lift
off) event at the same position (or substantidtly same position) as the finger-down
event (e.g., at the position of an icon). As anoteample, detecting a finger swipe
gesture on the touch-sensitive surface includesctieg a finger-down event followed by
detecting one or more finger-dragging events, arm$aquently followed by detecting a

finger-up (lift off) event.

[0066] Graphics module 732 includes various known softweoeponents for
rendering and displaying graphics on touch screg® @r other display, including
components for changing the intensity of graphieg tire displayed. As used herein, the
term “graphics” includes any object that can beldiged to a user, including without
limitation text, web pages, icons (such as userate objects including soft keys),

digital images, videos, animations and the like.
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[0067] In some embodiments, graphics module 732 storesrdatesenting graphics
to be used. Each graphic may be assigned a condisigocode. Graphics module 732
receives, from applications etc., one or more cagexifying graphics to be displayed
along with, if necessary, coordinate data and otjraphic property data, and then

generates screen image data to output to displayatier 756.

[0068] Text input module 734, which may be a componengraphics module 732,
provides soft keyboards for entering text in vasi@pplications (e.g., contacts 737, e-
mail 740, IM 741, browser 747, and any other apgpion that needs text input).

[0069] GPS module 735 determines the location of the éewaied provides this

information for use in various applications (ei.telephone 738 for use in location-
based dialing, to camera module 743 as picturedvidetadata, and to applications that
provide location-based services such as weathegetsdlocal yellow page widgets, and

map/navigation widgets).

[0070] Applications 736 may include the following modules sets of instructions),
or a subset or superset thereof:

* contacts module 737 (sometimes called an addredsdyccontact list);

* telephone module 738;

» video conferencing module 739;

» e-mail client module 740;

* instant messaging (IM) module 741;

» workout support module 742;

» camera module 743 for still and/or video images;

* image management module 744;

* browser module 747,

e calendar module 748;
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* widget modules 749, which may include one or mdremeather widget 749-1,
stocks widget 749-2, calculator widget 749-3, alaohck widget 749-4,
dictionary widget 749-5, and other widgets obtaibgdhe user, as well as user-
created widgets 749-6;

» widget creator module 750 for making user-createtyets 749-6;

» search module 751,

» video and music player module 752, which may beengulof a video player

* module and a music player module;

* notes module 753;

* map module 754; and/or

e online video module 755.

[0071] Examples of other applications 736 that may beestamn memory 702 include
other word processing applications, other imagetiregdi applications, drawing
applications, presentation applications, JAVA-eedbbpplications, encryption, digital

rights management, voice recognition, and voicéaa{mon.

[0072] In conjunction with touch screen 712, display coltgr 756, contact module
730, graphics module 732, and text input module €84dtacts module 737 may be used
to manage an address book or contact list (eaedin application internal state 792 of
contacts module 737 in memory 702), including: addname(s) to the address book;
deleting name(s) from the address book; associatglgphone number(s), e-malil
address(es), physical address(es) or other infomatith a name; associating an image
with a name; categorizing and sorting names; piogidelephone numbers or e-mail
addresses to initiate and/or facilitate communicetiby telephone 738, video conference
739, e-mail 740, or IM 741; and so forth.

[0073] In conjunction with RF circuitry 709, audio circyit 710, speaker 711,
microphone 713, touch screen 712, display contr@ii, contact module 730, graphics

module 732, and text input module 734, telephondute738 may be used to enter a

Page 29



sequence of characters corresponding to a telephongber, access one or more
telephone numbers in address book 737, modify eplbeine number that has been
entered, dial a respective telephone number, caralwonversation and disconnect or
hang up when the conversation is completed. As dnoébove, the wireless

communication may use any of a variety of commuiooa standards, protocols and

technologies.

[0074] In conjunction with RF circuitry 709, audio circyit 710, speaker 711,
microphone 713, touch screen 712, display contrale6, optical sensor 764, optical
sensor controller 758, contact module 730, grapmodule 732, text input module 734,
contact list 737, and telephone module 738, videfarencing module 739 includes
executable instructions to initiate, conduct, ameinate a video conference between a

user and one or more other participants in accaelaith user instructions.

[0075] In conjunction with RF circuitry 709, touch screé&l2, display controller 756,
contact module 730, graphics module 732, and temptiti module 734, e-mail client
module 740 includes executable instructions toteresend, receive, and manage e-mail
in response to user instructions. In conjunctiothwinage management module 744, e-
mail client module 740 makes it very easy to create send e-mails with still or video

images taken with camera module 743.

[0076] In conjunction with RF circuitry 709, touch scregt, display controller 756,
contact module 730, graphics module 732, and tegtti module 734, the instant
messaging module 741 includes executable instngtio enter a sequence of characters
corresponding to an instant message, to modifyipusly entered characters, to transmit
a respective instant message (for example, usigh@at Message Service (SMS) or
Multimedia Message Service (MMS) protocol for tdlepy-based instant messages or
using XMPP, SIMPLE, or IMPS for Internet-based amtmessages), to receive instant
messages and to view received instant messagesonie embodiments, transmitted

and/or received instant messages may include grspphotos, audio files, video files
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and/or other attachments as are supported in a MNBor an Enhanced Messaging
Service (EMS). As used herein, “instant messagirgjérs to both telephony-based
messages (e.g., messages sent using SMS or MMSntndet-based messages (e.g.,
messages sent using XMPP, SIMPLE, or IMPS).

[0077] In conjunction with RF circuitry 709, touch scre&t, display controller 756,
contact module 730, graphics module 732, text impotiule 734, GPS module 735, map
module 754, and music player module 746, workoyipstt module 742 includes
executable instructions to create workouts (e.gth vime, distance, and/or calorie
burning goals); communicate with workout sensogiis devices); receive workout
sensor data; calibrate sensors used to monitor reowt select and play music for a

workout; and display, store and transmit workoutida

[0078] In conjunction with touch screen 712, display coltgr 756, optical sensor(s)
764, optical sensor controller 758, embedded lightirce module 775, sensor 776,
contact module 730, graphics module 732, and inmageagement module 744, camera
module 743 includes executable instructions towapstill images or video (including a
video stream) and store them into memory 702, mathifiracteristics of a still image or

video, or delete a still image or video from memody.

[0079] In conjunction with touch screen 712, display colér 756, contact module
730, graphics module 732, text input module 734beaded light source module 775,
sensor 776, and camera module 743, image managemente 744 includes executable
instructions to arrange, modify (e.g., edit), dnestvise manipulate, label, delete, present

(e.g., in a digital slide show or album), and sttt and/or video images.
[0080] In conjunction with RF circuitry 709, touch scre@i2, display system

controller 756, contact module 730, graphics modi82, and text input module 734,

browser module 747 includes executable instructiosowse the Internet in accordance
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with user instructions, including searching, lirgimo, receiving, and displaying web

pages or portions thereof, as well as attachmentother files linked to web pages.

[0081] In conjunction with RF circuitry 709, touch scre@i2, display system
controller 756, contact module 730, graphics modd2, text input module 734, e-mail
client module 740, and browser module 747, calemdadule 748 includes executable
instructions to create, display, modify, and stoedendars and data associated with

calendars (e.g., calendar entries, to do lists) Et@ccordance with user instructions.

[0082] In conjunction with RF circuitry 709, touch scre@i2, display system
controller 756, contact module 730, graphics modi82, text input module 734, and
browser module 747, widget modules 749 are minliegjons that may be downloaded
and used by a user (e.g., weather widget 749-tksteidget 749-2, calculator widget
7493, alarm clock widget 749-4, and dictionary vetlg49-5) or created by the user (e.g.,
user-created widget 749-6). In some embodimentsyidget includes an HTML
(Hypertext Markup Language) file, a CSS (Casca@hge Sheets) file, and a JavaScript
file. In some embodiments, a widget includes an X[{Hxtensible Markup Language)

file and a JavaScript file (e.g., Yahoo! Widgets).

[0083] In conjunction with RF circuitry 709, touch scre@i2, display system
controller 756, contact module 730, graphics modi82, text input module 734, and
browser module 747, the widget creator module 7% e used by a user to create

widgets (e.g., turning a user-specified portiom @feb page into a widget).

[0084] In conjunction with touch screen 712, display systontroller 756, contact

module 730, graphics module 732, and text input uteod’34, search module 751
includes executable instructions to search for, texisic, sound, image, video, and/or
other files in memory 702 that match one or mogedecriteria (e.g., one or more user-

specified search terms) in accordance with usémicisons.
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[0085] In conjunction with touch screen 712, display systontroller 756, contact

module 730, graphics module 732, audio circuitr§, &peaker 711, RF circuitry 709, and
browser module 747, video and music player mod&ifcludes executable instructions
that allow the user to download and play back medmusic and other sound files stored
in one or more file formats, such as MP3 or AA@dil and executable instructions to
display, present or otherwise play back videos.(eog touch screen 712 or on an
external, connected display via external port 7B430me embodiments, device 700 may

include the functionality of an MP3 player.

[0086] In conjunction with touch screen 712, display coltér 756, contact module
730, graphics module 732, and text input module, #8tes module 753 includes
executable instructions to create and manage rotek, lists, and the like in accordance

with user instructions.

[0087] In conjunction with RF circuitry 709, touch scre@i2, display system

controller 756, contact module 730, graphics modiia, text input module 734, GPS
module 735, and browser module 747, map modulen7® be used to receive, display,
modify, and store maps and data associated wittsr@p., driving directions; data on
stores and other points of interest at or neartcpéar location; and other location-based

data) in accordance with user instructions.

[0088] In conjunction with touch screen 712, display systontroller 756, contact
module 730, graphics module 732, audio circuitr®,74peaker 711, RF circuitry 709,
text input module 734, e-mail client module 740d &mowser module 747, online video
module 755 includes instructions that allow theruseaccess, browse, receive (e.g., by
streaming and/or download), play back (e.g., on tthech screen or on an external,
connected display via external port 724), send-araié with a link to a particular online
video, and otherwise manage online videos in oneare file formats, such as H.264. In
some embodiments, instant messaging module 74irrdtan e-mail client module 740,

is used to send a link to a particular online video
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[0089] Each of the above identified modules and applioaticorrespond to a set of
executable instructions for performing one or mfnections described above and the
methods described in this application (e.g., themater-implemented methods and other
information processing methods described hereif)es&€ modules (i.e., sets of
instructions) need not be implemented as sepawdtevase programs, procedures or
modules, and thus various subsets of these modudgsbe combined or otherwise re-
arranged in various embodiments. In some embodsnammory 702 may store a subset
of the modules and data structures identified abBuehermore, memory 702 may store

additional modules and data structures not destiabeve.

[0090] In some embodiments, device 700 is a device wheeeation of a predefined
set of functions on the device is performed exgkigi through a touch screen and/or a
touchpad. By using a touch screen and/or a touchpdte primary input control device
for operation of device 700, the number of physinglut control devices (such as push
buttons, dials, and the like) on device 700 mayelkeiced.

[0091] The predefined set of functions that may be peréatrexclusively through a
touch screen and/or a touchpad include navigatietvden user interfaces. In some
embodiments, the touchpad, when touched by the nagigates device 700 to a main,
home, or root menu from any user interface that beglisplayed on device 700. In such
embodiments, the touchpad may be referred to amend button.” In some other
embodiments, the menu button may be a physical pusion or other physical input

control device instead of a touchpad.

[0092] FIG. 7A-B illustrates a portable multifunction degi 700 having a touch
screen 712 in accordance with some embodimentstollud screen may display one or
more graphics within a user interface (Ul). In tlmbodiment, as well as others

described below, a user may select one or moraeofitaphics by making a gesture on
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the graphics, for example, with one or more fingé¥$ (not drawn to scale in the Figure)

or one or more styluses 715 (not drawn to scalbarfigure).

[0093] Device 700 may also include one or more physicébbs, such as "home" or

menu button 704. As described previously, menuobufi04 may be used to navigate to
any application 736 in a set of applications thaynibe executed on device 700.
Alternatively, in some embodiments, the menu buttormplemented as a soft key in a

graphics user interface (GUI) displayed on touckest 712.

[0094] In one embodiment, device 700 includes touch scrd@) menu button 704,
push button 707 for powering the device on/off dondking the device, volume
adjustment button(s) 708, Subscriber Identity Med{8IM) card slot 710, head set jack
712, and docking/charging external port 724. Pusitoh 707 may be used to turn the
power on/off on the device by depressing the butiod holding the button in the
depressed state for a predefined time intervdbak the device by depressing the button
and releasing the button before the predefined imegval has elapsed; and/or to unlock
the device or initiate an unlock process. In apraltive embodiment, device 700 also
may accept verbal input for activation or deactovatof some functions through

microphone 713.

[0095] It should be noted that, although many of the examperein are given with
reference to optical sensor / camera 764 (on th bf a device), a rear-facing camera or
optical sensor that is pointed opposite from thepldly may be used instead of or in

addition to an optical sensor / camera 764 onriha bf a device..

[0096] The methods described herein may be implementsdfiware, hardware, or
a combination thereof, in different embodimentsadtidition, the order of the blocks of
the methods may be changed, and various elementbenadded, reordered, combined,
omitted, modified, etc. Various modifications antanges may be made as would be

obvious to a person skilled in the art having tleeddit of this disclosure. The various
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embodiments described herein are meant to berdlist and not limiting. Many

variations, modifications, additions, and improveseare possible. Accordingly, plural
instances may be provided for components descrit@in as a single instance.
Boundaries between various components, operatiowk data stores are somewhat
arbitrary, and particular operations are illustiate the context of specific illustrative

configurations. Other allocations of functionaléye envisioned and may fall within the
scope of claims that follow. Finally, structuresdafunctionality presented as discrete
components in the example configurations may bdeémented as a combined structure
or component. These and other variations, modifinat additions, and improvements

may fall within the scope of embodiments as definedthe claims that follow.
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CLAIMS

1. A mobile computing device, comprising:

an image sensor configured to capture image data for a field of view;

a light source module embedded in the mobile computing device, the light source module

comprising:

a first Fresnel lens comprising a plurality of different zones, wherein a first one of
the different zones is a first asymmetric zone that is radially asymmetric,
and wherein the first asymmetric zone is configured to redirect light
received from a first illumination element to at least a portion of a field of

view for an image sensor;

the first illumination element located within respective focal lengths of the

different zones of the Fresnel lens and configured to emit light; and

a controller configured to cause the first illumination element to emit light that passes

through the first Fresnel lens.

2. The mobile computing device of claim 1, wherein the radial asymmetry of the
first asymmetric zone comprises a sinusoidal pattern that varies an angle of a surface within the
asymmetric zone along at least a portion of a circumference around a center of the first Fresnel

lens.

3. The mobile computing device of claim 1, wherein a second one of the zones is a
second asymmetric zone that is radially asymmetric, wherein the second asymmetric zone is
configured to redirect light received from the illumination element to a different portion of the

field of view for the image sensor.
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4, The mobile computing device of claim 1, wherein the light source module further

comprises:

a second Fresnel lens comprising a second plurality of different zones, wherein a first one
of the second plurality of different zones is a second asymmetric zone that is
radially asymmetric, wherein the second asymmetric zone is configured to
redirect light received from a second illumination element to at least another

portion of the field of view for the image sensor; and

the second illumination element located within respective focal lengths of the second

plurality of different zones of the second Fresnel lens and configured to emit light.

5. The mobile computing device of claim 4, wherein a shape of the first illumination

element is different than a shape of the second illumination element.

6. A light source module comprising:

a first Fresnel lens comprising a plurality of different zones, wherein a first one of the
different zones is first asymmetric zone that is radially asymmetric, and wherein
the first asymmetric zone is configured to redirect light received from a first
illumination element to at least a portion of a field of view for an image sensor;

and
the first illumination element configured to emit light, wherein the illumination element
is located within respective focal lengths of the plurality of different zones of the

Fresnel lens.

7. The light source module of claim 6, wherein the first asymmetric zone redirects

the light to provide inverted illumination at the portion of the field of view.
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8. The light source module of claim 6, wherein the first asymmetric zone redirects

the light to provide non-inverted illumination at the portion of the field of view.

9. The light source module of claim 6, wherein the radial asymmetry of the first
asymmetric zone comprises an angle for a surface of the first asymmetric zone that is different at

different cross sections of the Fresnel lens.

10.  The light source module of claim 6, wherein the radial asymmetry of the first
asymmetric zone comprises a surface radius of the first asymmetric zone that is different at

different cross sections of the Fresnel lens.

11.  The light source module of claim 6, wherein a second one of the zones is a second
asymmetric zone that is radially asymmetric and wherein the radial asymmetry of the second

asymmetric zone is different from the radial asymmetry of the first asymmetric zone.

12.  The light source module of claim 6, wherein the first illumination element is a

square shape.

13.  The light source module of claim 6, wherein the first illumination element is a

non-square shape.

14.  The light source module of claim 6, further comprising:

a second Fresnel lens comprising a second plurality of different zones, wherein a first one
of the second plurality of different zones is a second asymmetric zone that is
radially asymmetric, wherein the second asymmetric zone is configured to
redirect light received from a second illumination element to at least another

portion of the field of view for the image sensor; and

the second illumination element located within respective focal lengths of the second

plurality of different zones of the second Fresnel lens configured to emit light.
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15.  The light source module of claim 14, wherein the radial asymmetry of the second
asymmetric zone of the second Fresnel lens is different than the radial asymmetry of the first
asymmetric zone of the first Fresnel lens, and wherein a shape of the illumination element is

different than a shape of the other illumination element.

16. A Fresnel lens comprising a plurality of different zones, wherein at least one of
the different zones comprises a radially asymmetric sub-zone such that a surface radius of the
radially asymmetric subzone is different at different locations along a circumference around a
center of the Fresnel lens, and wherein the asymmetric sub-zone is configured to redirect light

received from a light source to at least a portion of a field of view for an image sensor.

17.  The Fresnel lens of claim 16, wherein the asymmetric sub-zone redirects the light

to provide inverted illumination at the portion of the field of view.
18.  The Fresnel lens of claim 16, wherein the radial asymmetry of the asymmetric
sub-zone comprises an angle for a surface of the asymmetric sub-zone that is different at

different cross sections of the Fresnel lens.

19. The Fresnel lens of claim 16, wherein the different locations are at different cross

sections of the Fresnel lens.

20.  The Fresnel lens of claim 16, wherein the at least one zone comprises a radially

symmetric sub-zone that is adjacent to the radially asymmetric sub-zone.
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