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(57) Abstract: The present disclosure provides example methods operable
by computing device. An example method can include receiving an image
from a camera. The method can also include comparing one or more para-
meters of the image with one or more control parameters, where the one or
! more control parameters comprise information indicative of an image from a
substantially unobstructed camera. Based on the comparison,, the method
can also include determining a score between the one or more parameters of
the image and the one or more control parameters. The method can also in-
clude accumulating, by a computing device, a count of a number" of times
the determined score image exceeds a first threshold. Based on the count ex-
ceeding a second threshold, the method can also include determining that
the camera is at least partially obstructed.
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CAMERA OBSTRUCTION DETECTION

CROSS REFERENCE TO RELATED APPLICATION
[(H001] This apphcation claims prority to U8, Patert Application Serial No.
13/855,054, filed April 2, 2013, which is incorporated herein by reference in its entirety.

BACKGROUND

[B#092] Unless otherwise indicated herein, the materials described in this section are
not prior &t to the claims in this application and are not admitied to be prior art by inclusion
in this section.

[6843] Maobile devices, such as smartphones and tablets, arve providing progressively
hetier cameras that capture higher-quality digital images. Further, stand-alone compact
camerss, digital SLR cameras, and mirrorless interchangeable-lens cameras. are becoming
more popuiar. Thus, the amount of high-quality images being capfived s increasing rapidly.
However, iniages are oflen capiured by devices that are obstructed by dirt, grease or other
foreign objects. Despite the progression in image caphure technology, images captured with
an obstructed camera may be poor in quality.

SUMMARY

[0004] In one aspect, a method is described. The method can include receiving an
image from a camera. The method can also include comparing one or more parameters of the
image with one or more control parameters, where the control parameters include information
indicative of ap image from a substantially unobstructed camera. Based on the conparison,
the method can also include determining a score between the one or more parameters of the
image and the one or more control parameters. The method can also include aconmulating,

by a computing device, a count of a number of times the determined score exceeds a first
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threshold. Based on the count exceeding a secomd threshold, the method can also include
determining that the camers is at least partially obstrucied.

[0065] In another aspect, another method is described. The method can include
determining a first condition of a view of a camera on a computing device, where the first
condition is indicative of an at least partially obsomucted view. The method can also include
providing an indicator for display on the computing device, where the indicator is indicative
of the first condition. The method caa alse include providing instructions for removiag the
indicator based on a determination that the view of the camera is a second condifion, where
the second condition is a substantially unobstincted view.

[o0as] In vet another aspect, a non-transitoay computer readable memory having
stored therein instiuctions executable by a computing device 1o cause the computing device
to perform functions is described. The functions can mclude comparing one or more
parameters of the image with one or move conirol parameters, where the control pavameters
include information indicative of an image from a substantially unobstiucted camera. Based
on the comparison. the functions can also include determining a score between the one or
more parameters of the image and the one or more control parameters. The functions can
also imclude accunwiating, by a computing device, a counf of a number of times the
determined] score exceeds a first dweshold. Based on the coumt exceeding a second threshold,
the fiunctions can also include determining that the camera is at least partially obstructed.
[Bea7] These as well as other aspects, advantages., and alternatives will become
apparent to those of ordinary skill in the art by reading the following detailed description with
reference where appropriate to the accompanying drawings. Further, it should be understood
that the description provided in this sumwmary section and elsewhere in this docwmment is
intended to illustrate the claimed subject matter by way of example and oot by way of

Himitation.
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BRIEF DESCRIPTION OF THE FIGURES
[0008] Figure 1 illustrates the form factor of a digital camera device, in accordance
with an example embodinent.
[oB09] Figure 2 is a simplified block diagram showing some of the components of an
example computing device, in accordance with an example embodiment.
[6810] Figure 3 depicts a tlow chart, in accordance with an example embodiment.
[o811] Figures 4A-4B illustrate example computing devices performing functions in

accordance with an example method.

{012 Figure 5 depicts a flow chart, in accordance with an exanmple embodiment.
£ P 1Y
{013 Figwres 6A-6B Hlustrate example computing devices performing functions in
£ P it £ F

accordance with an example method.
fooid] Figure 7 depicts a computer-readable mediwm configured according 1o an
example embodiment.

DETAILED DESCRIPTION
[0015] Example methods and systemns are described herein.  Any embodiment or
feature described herein as being an "example” is nof necessarily to be construed as preferred
or advantageous over other embodumenis or features. In the following detailed description,
reference is made to the sccompanying figures, which form a part thereof In the figures,
similar sviubols typically identify similar components, unless context dictates otherwise.
Other smbodiments may be utilized, and other changes may be made, without departing from
the spitit or scope of the subject matter presented herein.
foois] The example embodiments described herein are not meant o be hmiting. I
will be readily understond that the aspects of the present disclosure, as generally described

herein, and iHustrated in the figures, can be arranged. substituted, combined, separated, and

73]
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designed in a wide variety of different configurations, all of which are explicitly
contemplated herein.

L Overview
[6817] Iinage capture devices, such as cameras, are usad to captre hundreds of
millions of images each day. However, an unfortunately large percentage of these images are
captured by a camera that is obstructed by dirt, grease. or other foreign objects. This leads to
images that are avoidably hary (with reduced detail and contrast), demonstrate exaggerated
glare, or are otherwise poor inn quality.
[o018] Within examples, a computing device may be configured to monilor images
captured by a camera and coppare certain parameters of the captured image with control
parameters. The contol parameters include agerepate properties of images from a
substantially mnobsoucted camera. One examiple of a parameter that may be used to compare
the one or more parameters capiured image with the one or more conirol parameters may
include the nunimum color value in a localized spatial region of the #mage. Asnother
parameter may inclide a luminance histogram of the image. Yel another parameter may
inchade a histogram of image directional gradients of the image. Yet another parameter may
inchide a point-spread-function of the camera. Fach of these paramefers have certain
properties for images captured by a camera that is substantially unobstructed, and different
properties for an hinage captured by a camera that is at least partislly obstructed.
019} Based on a comparison of the pavameters described above. 3 score may be
determined befween the one or more parameters of the captiwed image and the one or more
control paraipeters. The determined score miay be compared to a threshold score, and the
threshold may be used as a baxis for determining whether the captured image was taken with
a camera with an at least partially obstructed view. In one example, considering a sequence

of scores exceeding the tweshold. the computing device may determine that the camersa is at
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least partially obstructed. For instance, if five consecutive iimages captured by the camera
exceed the threshold, the computing device may determine that tie camera is af least partially
obstructed. In another example, if five out of seven images captured by the capiers exceed
the threshold, the computing device may determine that the camera ix al least partially
chstructed. In vet another example, if the computing device deterniines that the camera is at
least partially obstructed, the computing device may provide a notification on the computing
device indicating that the camera is at least partialty obstructed.

o024} As used herein, obstructed means not free of debris, or having particles on the
lens of a camera. or blocking a view of the lens, or having dirt or being diry. or having
moisture accugniated on the lens, or anv vanatral or wnordinary or undesired condition
present on the lens or otherwise impeding the lens of a camera.

[o021] It should be understood that the above examples of the method are provided
for iftlustrative purposes, and should not be construed as Hmiting,

Hi R Example Image Capture Devices

fog22] As cameras become more popular, they may be emploved as standalone
hardware devices or infegrated into various other types of devices. For instance, still and
video cameras are now regularly included m wireless communication devices (e.g., mohile
phones). tablet computers, laptop computers, video game interfaces, home anfomation
devices, and even automobiles and other types of vehicles.

[#023] The physical components of 3 camera may provide an aperture through which
light enters, a recording surface for capturing the image represented by the light, and a lens
positioned in front of the aperture o focus at least part of the image on the recording surface.
The aperture may be fixed size or adjustable. In an analog camera, the recording surface may
be photographic film. In a digifal camera, the recording swrface may include an electronic

image sensor {e.g., a charge coupled device (CUD) or a complementary metal-oxide-

LA
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seniconductor {CMOS) sensor} to transfer andfor store captured images in 2 data storage unit
{e.g., memory).

[6824] A shutter may be coupled o or nearby the lens or the recording surface. The
shutter may either be in a closed position, in which the shutter blocks light froni reaching the
recording strface, or an open position, in which light is allowed to reach the recording
swrface. The position of the shutter may be controlled by a shutter button.  For instance, the
shutter may be in the closed position by default. When the shutter buston is friggered {e.g.,
pressedt), the shutter may change from the closed position to the open position for a period of
time, known as the shutter cycle. During the shutter cyvcle, an image may be capiured on the
recording surface. At the end of the shutter cvele, the shutter may change back to the closed
posifion.

fao25] Alternatively, the shutfering process may be electvonic. For example, before
an electronic shutter of 8 CCD image sensor is “openad” the sensor may be reset f0 remove
any residual signal in its photodiodes. While the electronic shutter remains open, the
photodiodes may accumulate charge. When or after the shutter closes, these charges may be
fransferred 1o longer-term data storage.  Combinations of mechanical snd electronic
shuttering may also be possible.

fo02s6] Regardless of type, a shutter may be activated and/or controlled by something
other than a shufier button. For instance, the shuiter may be asctivated by a softkey, a timer,
or some other trigger. Hevein. the term “image capture™ may refer to any mechanical andior
electronic shuffering process that resulis in one or more photographs being recorded,
regardless of how the shuitering process is wiggered or controlled.

[6827] The exposure of a captured rpage mav be determined by a combination of the
size of the aperture. the brighiness of the light entering the aperture, and the lengih of the

shutter cycle {also referred to as the shutter length or the exposure length). Additionally. a
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digital or analog gain may be applied to the image. thereby influencing the exposure. In
some embodiments, the term “total exposure length™ or “total exposure time”™ may refer to the
shutter tength multiplied by the gain for a particular aperture size. Herein, the term “total
exposure time,” or “TET,” may be interprated as possibly being a shufter length, an exposwre
time. or any other metric that controls the amowunt of signal response that results from light
reaching the recording surface.

[0028] An image caphure device or a camera may include devices that can capture
still images, devices that can capture video, and devices that can capture both still images and
video. A still camera may capiure one or more images each time image caphure is friggered.
A video camera may contipuously capfwre images at a particular rate {e.g.. 24 images — or
frames — per second) as long as image capture remains friggered {e.g.. while the shufter
button s held down}. Some digital stll cameras may open the shutier when the camera
device or application is activated, and the shutter may remain in this position untl the camera
device or application is deactivated. While the shwtter is open, the camera device or
application may capture and display a represenfation of a scene on a viewfinder. When
image caphare is wiggered, one or more distinet digital images of the cumrent scene may be
captured.

[0029] Cameras — even analog cameras — may inchude software to control one or
more camera functions andior seftings, such as apertare size, TET, gain, and so on
Additionally, some cameras may include software that digitally processes images during or
after these images are captured. While it should be understood that the description above
refers to cameras in general, it may be particularly relevant to digital cameras.

[6830] As noted previously, digital cameras may be standalone devices or integrated
with other devices. As an example, Figure 1 illustrates the form factor of a digital camera

device 100. Digital camnera device 100 may be, for example, 5 mobile phone, a tablet
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conipwier, or a wearable computing device. However, other embodimenis are possible,
Digital camera device 100 may include various elements, such as a body 102, s front-facing
camera 104, a multi-element display 106, a shatter button 108, and other buttens 116, Digital
camera device 1040 could further include a rear-facing camera 112, Front-facing camera 104
may be positioned on a side of body 102 typically facing a nser while in operation. or on the

same side as nuilti-element display 106. Rear-iz

ing camera } 12 may be positioned on a side
of body 102 opposite front-facing camera 104, Referring to the cameras as front and rear
facing is arbifrary. and digital camera device 100 may include multiple cameras positioned on
various sides of body 102.

[6031] Multi-element display 106 could represent a cathode ray ube (CRT) display. a
light emitting diode (LED) display, a liquid crystal (LCD) display, a plasma display, or other
technologies now known or later developed. In some embodiments, mmlti-element display
106 may display a digital representation of the current image being captured by front-facing
camera 104 and/or rear-facing camera 112, or an image that could be captured or was
recently captured by either or both of these cameras. Thus, mulii-element display 106 may
serve as a viewlinder for either camera. Multi-element display 106 may also support
tonchsereen and/or presence-sensitive functions that piay be able to adjust the settings andfor
configuration of any aspect of digital camers device 100.

fa032] Front-facing camera 104 may include an image sensor and associated optical
slements such as lenses, Front-facing captera 104 may offer zoom capabilities or could have
a fixed focal length. In other emboduments, interchangeable lenses could be used with front-
facing camera 104, Fropi-facing camera 104 may have a variable mechanical aperture and a
mechantcal andfor electronic shutter. Front-facing camera 104 also could be configured to
capture still iinages. video inmges, or both. Further, front-facing camera 104 could represent

4 monoscopic, stereoscopic, or multiscopic camera. Rear-facing camera 112 may be
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similarly or differently arranged. Additionally, front-facing camera 104, rear-facing camera
112, or both, miay be an array of one or more Cameras.

[6833] Either or both of front facing camera 104 and rear-facing camera 112 may
include or be associated with an illumination component that provides a light field to
iHluminate a target object. For instance, an ilhunination component could provide flash or
constant illumination of the target object. An ilhumination component could alse be
configured to provide a light field that includes one or more of structured light, polarized
light, and light with specific spectral content. Other types of light fields known and used
recover three-dimensional (3D} models from an object are possible within the context of the
embodiments herein.

[0034] Either or both of front facing camera 104 and rear-facing camera 112 may
include or be associated with an ambient light sensor that may continuously or from time to
fime determine the ambient brighiness of a scene that the camera can capture. In some
devices, the ambient light sensor can be used o adjust the display brightness of a screen
associated with the camera {e.g.. a viewfinder}). When the determined ambient brightness is
high, the brighiness level of the screen may be increased to make the screen easier to view.
When the determined ambient brightpess iz low, the brighiness level of the screen puy be
decreased, alse to make the screen easier fo view as well as t©o potenually save power.
Additionally, the ambient light sensor’s input may be used to determine a TET of an
associated camera, or o help in this determination.

[#035] Digital camera device 100 could be configured to use puilti-element display
106 and either front-facing camera 104 or rear-facing camera 112 to captwre images of a
target object. The captured images couild be 2 plurality of still images or a video strearp. The
image capture could be friggered by activating shutter button 108, pressing a softkey on

muiti-element display 106, or by some other mechanism.  Depending upon the
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implementation, the images could be captured automatically at 5 specific timme mterval, for
examnple, upon pressing shutter button 108, upon appropriate lighting conditions of the target
object, upon moving digital camera device 100 a predetermined distance, or according to a
predetermined capture schedule.

{0036] As noted sbove, the functions of digital camera device 100 — or another type
of digital camera — mav be integrated into a computing device, such as a wireless
copununication device, tablet computer, laptop computer and so on.  For purposes of
example, Figure 2 is a simplified block diagram showing some of the components of an
example computing device 200 that may inclade camera components 226,

{0837} By way of example and without lunitation, computing device 200 may be a
cellular mobile telephone {e.g.. a smartphone). a still camera, 3 video camera, a8 fax machine,
a computer {such as a deslaop, notebook, tablet, or handheld computer), a personal digital
assistant (PDA), a home automation component, a digital video recorder (DVR), a digital
television, a remote control, a wearable computing device, or some other ftype of device
equipped with at least some image capture and/or image processing capabilities. It should be
understood that computing device 200 may represent a physical camera device such as a
digital camera, a particular physical hardware platform on which a camera application
operates in software, or other combinations of hardware and software that are configured to
cairy out cantera fimetions.

{81038] As shown in Figure 2, conmputing device 200 may include a compumnication
interface 202, a user interface 204, a processor 206, data storage 208, and camera corpponents
226, all of which may be comuunicatively lnked together by a system bus, network, or other
connection mechanism 210

[6839] Communication interface 202 nwy function to allow computing device 200 to

cominunicate, using analog or digital modulation, with other devices, access networks, and/or

1o
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transport networks.  Thus., comumunication iterface 202 mayv fhcilitate circuii-switched
and/or packet-switched commumnication, such as plain old telephone service (POTS)
compumication andfor Internet protocn! (IP) or other packefized conumunication. For
instance, comumutication interface 202 may include a chipset and anterma asranged for
wireless compunication with a radio access network or an access point. Also,
comununication interface 202 mav take the form of or include a wireline interface, such as an
Etherpet. Universal Serial Bus {USB}, or High-Definition Multimedia Interface (HDMI) port.
Compmnication inferface 202 may also take the form of or include 5 wireless interface, such
as & Wifi, global positioning system (GPS}, or wide-area wireless inferface {e.g., WiMAX or
3PP Long-Term Evolution (LTE)). However, other forms of phvsical layer interfaces and
other types of standard or proprietary commmuncation protocols may be used over
cominunication interface 202, Furthermore, communication interface 202 may comprise
multiple physical communication interfaces {e.g.. a Wifi interface, a short range wirgless
interface, and a wide-area wireless interface}.

{0040] User interface 204 may finction to allow computing device 260 to interact
with & lmuman or non-lnunan user, such as o receive input from a user and to provide output
to the user. Thus, user mterface 204 miay include inpwt components such as a keypad.
kevboard, touch-sensitive or presence-sensitive panel, computer mouse, trackball, joystick,
nucrophone, and so on. User interface 204 miay also inchide one or more oulpi components
such as a display screen which, for example, may be combined with a presence-sensitive
papel. The display screen may be based on CRT, LCD. and‘or LED technologies, or other
technologies now known or later developed. User interface 204 may also be configured w
generate audible output{s}), via a speaker, speaker jack. audio output port, audic ouiput

device, earphanes, and/or other similar devices.

It
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{0041} In some embodinients, nser interface 204 may include a display that serves as
a viewfinder for still camera and‘or video camera functions supported by compmting device
200. Additonally, user interface 204 may inclzde one or miore buttons, swiiches, kuobs,
andfor dials that facilitate the configuration and focusing of & camera function and the
caphuring of inages {e.g., capturing a picture). I may be possible that some or all of these
buttons, switches, koobs, andfor dials are implemented as functions on a presence-sensitive
panel.

{0642} Processor 206 may comprise one of more general purpose processors — ez,
microprocessers — andfor one or more special purpose processors — eg., digital signal
processors {DSPs), zraphics processing units {GPLY%s), floating point units {FPURY, network
processors, or application-specific integrated circuits {ASICs). In some instances, special
prrpose processors may be capable of image processing. image sligment, and merging
tmages, among other possibilities. Data storage 208 may include one or move volatile andfor
non-volatile storage coniponents, such as magnetic, optical, flash, or mrganic storage, and
may be integrated in whole or in part with processor 206. Data storage 208 may include
removable andfor non-removable components.

[6843] Processor 206 may be capable of executing program instructions 218 (e.g.,
compiled or non-compiled program logic and/or machine code) stored in data storage 208 to
carry out the various fanctions described herein. Therefore, data storage 208 may include a
non-trapsitory compuier-readable medium, having stored thereon program instructions that,
upon execution by computing device 200, cause computing device 200 to carry ot any of the
methods, processes, or functions disclosed in this specification andfor the accompanying
drawings, The execution of program instructions 218 by processor 206 may result in

processor 206 using reference data 212,
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{0044} By way of example, program instructions 218 may include an operating
system 222 {e.g.. an operating system kernel, device driver(s). and/or other modules) and one
or more application programs 220 {ep. comera fanctions, address book, email, web
browsing, social networking, andfor aming applications) installed on computing device 200.
Simlarly, reference data 212 may include operating system data 216 and application data
214, Operating system data 216 may be accessible primarily to operating system 222, and
application data 214 may be accessible primarily to one or more of application progranws 22{.
Application data 214 may be arranged in a file system that is visible to or hidden from a user
of computing device 200.

[6845] In some examples, the operating svstem daia 216 may include a counter
module 224, The counter module 224 may incinde a counter value indicative of a number of
accurrences of a correlation befween an input received from the computing device 200 and
previously stored inputs. The counter module 224 may be configured to increment the
counter value based at least in part on the number of occwirences. In some examples, one or
more functions of the computing device 200 may be modified by the counter module 22¢

when the counter value is less than. or exceeding, a threshold.

-2
]
(5]

[6846] Appheation programs 220 may communicate with operating system
through one or more application programmuing interfaces {APIs). These APIs may facilitate,
for instance, application programs 220 reading andfor writing application data 214,
fransnuifiing or receiving mformation via coppmunication inferface 202, receiving and/or
displaving information on user interface 204, and so oiv.

{00847] In some examples, application programs 220 may be referved to as “apps” for
shotrt. Additionaily, application programs 220 may be downloadable to computing device
200 through one or more online application stores or application markets.  However,

application programs can also be installed on computing device 200 in other ways, such as

4
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via a web browser or through a physical interface {e.g.. 3 USB port} on computing device
200.

[0048] Camera componenis 226 may inchide, but are not limited to, an aperture,
shutter, recording surface {e.g., photographic film and/or an hmage sensor), lems, andior
shutter button. Camera components 226 may be controlled at least in part by software
axecuted by processar 206,

IH. Examples of Methods

[0049] Figure 3 depicts a flowchart of an example method, which in some examples,
may be performed by components of the computing device 200 in Figire 2. Method 300 may
include one or more operations, functions, or actions as Hlustrated by one or more of blocks
302-314. Although the blocks are illustrated in a sequential order, these blocks may also be
performed in parallel, andior in a different order than those described herein.  Also, the
various blocks miay be combined ints fewer blocks. divided into additional blocks, andior
removed based upon the desived imnplementation.

o830} In addition, for the method 300 and other processes and methods disclosed
herein, the block diagram shows functionality and operation of one possible implementation
of present embodiments. In this regard, each block may represent a module, a segment, or a
portion of program code, which includes one or more instructions executable by a processor
or computing device for implementing specific logical functions or steps in the process. The
program code nay be stored on any type of computer readable medium, for example, such as
a storage device including a disk or hard drive. The computer readable medinm may include
non-transitory computer readable medium, for example. soch as computer-readable media
that stores data for short perinds of time like register meptory. processor cache and Random
Access Memory (RAM). The computer readable medium may also include non-transitory

media, such as secondary or persistenit long term storage. like read only memory (ROM),
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optical or magnetic disks. compact-disc read only memory {CD-ROM}, for example. The
computer readable medium may also be any other volatile or non-volatile storage systems.
The computer readable meduun may be considered a computer readable storage medium, for
example, or a tangzible storage device.

{0051} For the sake of example, the method shown in Figure 3 will be described as
unplemented by a computing device, such as the computing device 200 1 Figwre 2. It should
be understood that other entities, such as one or miore servers, can implement one or more
steps of the example method.

{0852} At block 302, the method includes receiving an image from a camera. As
discussed above, the image from the camera may include a one-dimensional, two-
dimensional, or multi-dimensional array of pixel information. Such information may be
received by the processor of the computing device, and stored in the data storage. In one
embodiment, the computing device may receive the image or information indicative of an
image via camera commponents on the computing device itself. In another embodiment, the
conipwting device may receive the mage or information indicative of an image via a wired
conntection from an image captwe device to the computing device {e.g., 3 UISB connection).
In vet another embodiment, the computing device may receive the image or information
mndicative of an image via the internet {e.g.. images upleaded to the computing device via
“cloud computing™). Other embodiments are possible as well.

{8053] At block 304, the method mcludes comparing one or more parameters of the
umage with one or more confrol parameters. The confrol parameters include aggregate
properfies of images captred by a substantially unobsiructed camera. In one example, the
one or more control parameters may be computed in a learning phase. For examiple, during a
setup process the computing device may request 8 user to clean the lens of a camera located

on the computing device, and then take a pictare. That picture may then be used o compute
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the one or more control parameters. In another example. the one or more conirol parameters
may be pre-installed on the computing device. Other embodiments are possible as well.
[6854] After the computing device receives the image, the computing device may
determine one or more parameters of the inage. Further, the computing device may store the
saine one of more control parameters in its data storage. Once the computing device has
determined the one or more parameters of the image. the computing device may then
compare those parameters with the matching control parameters. This comparison may be
executed by one or more processors of the computing device.

{0055] Une examiple of a paramieter that may be used when analyzing a given image
iz the minmwm color value in a localized spatial region of the image. Captured digital
images may be represented as a cne-dimensional, two-dimensional, or nulu-dimensional
srray of pixels. Fach pixel may be represented by one or more values that may encode the
respective pixel's color andfor brightness. In the YCbCr color model, the Y chamnel may
represent the brightness of a pixel, and the Ch and Cr chamnels may represent the blue
chrominance and red chrominance, respectively, of the pixel.

{0856} In one example, the Y channel may take values from 0 t© 255 {i.e., the tonal
range that a single 8-bit byte can offer). Thus, the brightness of a pixel nway be represented
by a 0 or a value near zero if the pixel is black or close to black, and by a 255 or a value near
255 if the pixel is white or close to white. However. the value of 255 is a non-limiting
reference point, and some implenientations may use different maximum values {eg., 1023,
4093, ete.). The minimwun color value of a localized spatial region of a captured image may
be deterinined by miniomam Y value for that region.

[6857] In another embodiment, a red-green-blue (RGB) color model nmiay be used. In

such an example, the minuoum color value may be defined as mi(R.GRB}, that is, the
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smallest red, green or blue value over each pixel or collection of neighboring pixels. Other
embodiments are possible as well.

[6858] It is observed that the minunum color value of an imege caphured by a
substantially uvnobstructed camera iy lower than the minumunm color valueg of an image
capiwed by an at least pariially obstructed camnera. For example, when a camera is
abstructed by dirt on the lens of the campera, unages appear hazy. In such images, dirt acts as
a diffuser and adds to the color value of each pixel of the image. resulting in a higher
mininnun color value than an image captured by a substantially unobstmcted caera.

{0659] Another parameter that may be used when analyzing a given image is a
luminance histopram of the image. Luminance takes into account the fact that the human eye
is more sensitive to green light than red or blue hight. In order fo produce a lnminance
histogram, each pixel of an image is converied 50 that if represents a luminosity based on a
weighted average of the green, red. and blue Hght at that pixel. This weighting assiunes that
green represents 59%: of the perceived luminosity, while the red and blue channels account
for just 30% and 11%, respectively. Once all pixels of an image have been converied into
lunsnosity, a luminance histegram may be produced by counting how many pixels are at
each luminance. In one embodiment, the lupinance histogram of the given image may be
determined by one or mwore processors of the computing device. Other embodiments are
possible as well. Tt is observed that the luminance histogram of an image captured by an af
least partially obstructed camera is generally more spread out than that of an image captured
bv g substantially vnobstructed camera.

{0060] Yet another parameter that may be used when analyzing a given image is a
histogram of image directional gradients of the image. An umage directional gradient is a
directional change inn the infensity or color of an image. An umage direction gradient is

determined by computing the image derivative in the x and the vy directions, and then

17



WO 2014/165472 PCT/US2014/032459

combining these into a vector. The divection of this vector is the direction i which the image
is changing most rapidly, and the magnitude of this vector is the rapidity with which the
image is changing and its direction. Once all pixels of an image have been converted into an
image divection gradient, & luminance histogram may be produced. In one entbodiment. the
histogram of image divectional gradients of the given image may be determined by one or
more processors of the computing device. Other embodiments are possible as well. It is
abserved that histograms of image directional gradients of an image captured by an af least
partially obstructed camera fend fo be less radially synunetric than that of an iimage capiured
by a substantially unobstructed camera.

jo661] Yet another parameter that may be used when analyzing a given image is a
point-spread-finction of the camera. The point-spread-function {PSF) describes the response
of an imaging system to a point source or point object. For example, the PSF may be an
expression of the relationship between light intensity or energy and distance from the center
of ap image of light coming from a theoretically perfect point.  This relationship may be
shown as a graph plotting distance from center of image and light infensity. In one
embodiment, the PSF of the given image may be determined by one or more processors of
the computing device, Other embodiments are possible as well. It is observed that the PSF
of an at least partially obstructed camera has a long tail. and is sometimes directional as
compared to a PSF of a substantially unobsiructed camera.

[aoe2] At block 306, the method includes determining a score between the one or
more parameters of the image and the one or more control parameters. The computing device
may compare one or more paranieters of the image with the same one or more control
parameters fo deterniine the score. For example, the computing device may compare the
minipem color value of the image with the stored control pintimum color value, and the

luminance histogram of the image with the stored control luminance histogram. In another
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example, the computing device may only compare the image divectional gradients of the
inrage with the stored control image directional gradients. A comparison of any combination
of pararpeters is possibie to determine the zcore. The computing device may then determine
the differences between the one or more parameters of the image with the one or more control
paramefers t© determine the score between the image and the control image. In one
smbodinment, the greater number of differences, the greater the score. For instance. the score
may be a munber befween 0-1, where 1 indicates that the one or muwe parameters of the
image and the same one or more control parameters are completely different, and ¢ indicates
that that they are ilentical. Other embodiments are possible as well.

[6863] In ome embodiment, certain tegions of an image may be weighted more
heavily when determining the score between the one or more parameters of the image and the
one of more control parameters. In one example, more visually salient regions of the image
may be weighted more beavily. Visually salient regions are those which tend to attract the
atteption of buman viewers. For example, the edges of an image miay be weighted prore
heavily than the remaining regions of the image. In such an example, a computing device
may compare one or more parameters of the edges of an image with cne or more control
paranieters of the edges to determine a raw score. The computing device may then multiply
the determined raw score by a weighting coefficient to obfain a first score. The computing
device may then compare one of more paraineters of the remaining regions of the image with
the remaining regions of the one or more control parameters {o deternune a second score.
The final score between the one or more parameters of the image and the one or more control
parameters may then be determined by summing the first score and the second score. Other
embodiments are possible as well.

[6864] At block 308, the method includes determining whether the determined score

exceeds a firse threshold. The computing device may store the first dweshold in ifs data
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storage. The computing device may then compare the determined score with the stored first
threshold fo determine whether the determined score exceeds the first threshold. Continuing
with the examiple described above where the determiined score may be between (-1, the first
threshold may be (0.5, In another embodiment, the first threshold mav be 6.7, Other
examples are possible as well. In one embodiment, a user interface of the computing device
may be used to configure the first threshold. In another embodiment, the first threshold is
programumed into the hardware of the computing device, and the user may not be able to
change the first threshold.

{0865] If the determined score exceeds the first threshold, the method continues at
block 310 with accumulating a count of the number of times the defermined score exceeds
the first threshold. The data storage of the computing device may inchide a counter module.
The counter module may include a counter value indicative of the number of tdmes the
determined score exceeds the first threshold. The counter module may be configured to
mcrement the counter value based atf least in part on the number of times the determined
score exceeds the first threshold. In one example, the counter value miay be reset to zero any
time the determined score does not exceed the first threshold. In another examiple. the
counter value may be reset to zero when two consecutive scores between the image and the
control image do not exceed the first threshold. Other emnbodiments are possible as well.
{00656] At block 312, the method includes determnining whether the connt exceeds a
second threshold. The computing device may store the second threshold in its data storage.
The computing device py then compare the count with the siored second threshold fo
determine whether the count exceeds the second threshold. In one example. the second
threshold may be 5. In ancther example, the second threshold may be 10, Giher examples
are possible as well. In one embodiment, a user inferface of the computing device may be

used to configure the second threshold. In another embodiment, the second threshold is
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programuned into the hardware of the computing device, and the user may not be able w
change the second threshold.

[6867] If the determined count excesds the second tueshold, the method continues at
block 314 with defermining that the camera is at least partially obstructed. In one
embodiment, the method further includes providing a notification that the camera is at least
partially obstructed. The notification may be a visual notification or an audio notification. as
discussed below.

{0068] Figures 4A-4B illustrate example computing devices performing functions in
accordance with an example method. For the illustrated examples, the computing device 400
comtains all of the features of the computing device described in Figure 2. However, it should
be understood that the computing device may wke other forms andior may inclhide
components different than those illustrated in Figure 2.

{8869} Figure 44A illustrates a visual notification 402 on the display 404 of a
compting device 40¢. In this example, the visual notification 462 includes a textual
notification 406 and a graphical icon 408 indicating that the lens needs cleaning. TIn another
example, only a textual notification may be present. In yet another example, only a graphical
icon may be displaved. In Figure 44, the textual notification 406 reads “Looks like your lens
is dirty™ on a first lne and “You might want to clean it” on a second line. Other notifications
are possible as well. I one example, the visual notification may include a message displayed
directly on the display 404 of the computing Javice 400, as illustrated by the notification 402
in Figure 4A. In another example, the visual potification may inclide a Short Message
Service {SMS) text message sent to a registered user of the computing device 400. In another
example, the notification may include an email sent o a registered user of the computing
device 4600, In vet another embodiment, the notification may be displayed on a second

computing device {e.g.. via “cloud compuiing™). Other examples are possible as well
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[0878] Similarly, Figure 4B illustrates an andio notification 410 generated by the
conipwting device 400. As described above in relation to Figure 2, the user interface of the
computing device may be confipured to penerate andible oufput(s). via a speaker, speaker
1ack, audic output port, audio output device, earphones, andfor other similar devices. In one
embodiment, the audio notification may be generated by a second computing device {e.g.. via
“cloud computing™). In the example inn Figure 4B, the audic notification generated is “Lens
Cleaning Recommended.” Other audio notifications are possibie as well.

{0671} Figure § depicts a flowchart of an example method, which in some examples,
may be performed by components of the computing device 200 inn Figure 2. Method 500 may
inchude one or more operations, functions, or actions as illustrated by one or more of blocks
502-508. Although the blocks are illustrated in a sequential order, these blocks may also be
performed in parallel, and/ior in a different order than those described herein.  Also, the
various blocks miay be combined into fewer blocks. divided into additional blocks, andior
removed based upon the desived imnplementation.

{0672} For the sake of example, the method shown in Figure 5 will be described as
implemented by a computing device, such as the computing device 200 in Figure 2. It should
be understood that other snfities, such as one of more servers, can tmplenient one or more
steps of the example method.

{00673} At block 5302, the method includes determining a first condition of a view of a
canera on a computing device. In one example, the first condition may be indicative of an at
least partially obstructed view. The computing device mav deterpine the first condition of
the view of the camera in accordance with the method described above in relation to Figure 3.
In another embodiment, the computing device may determine the first condition of the view
of the camera by comparing one of more paranieters of a received image with one or more

cortrol parameters io deterniine a scove. If the score exceeds a threshold, the computing

[
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device may determine the first condition of the view of the camera. Other embodiments are
possible as well.

{0874} At block 504, the method includes providing an indicator for displav on the
computing device. In one exanple, the second condition may be indicative of a substantially
unobstructed view. The indicator may be a graphical indicator located on the display of the
compting device. In one example, the graphical indicator may flash on the display of the
compuiing device. In another exapiple, the graphical indicator may persist on the display. In
another embodiment, the indicator may include a message displayed on the display of the
comtputing device. Other embodiments are possible as well.

[6875] At block 306, the method includes determining whether the view of the
caniers is & second condition. In one embodiment, the computing device may determine the
second condition of the view of the camera by comparing one or more parameters of a
received image with one or more control parameters o determine a score. If the score does
o exceed a threshold. the computing device may deterimine the second condition of the view
of the camera. In another emnbodiment, the computing device may count the number of times
the score does not exceed the threshold, and determine that the view of the camera is a second
condition when the count exceeds a second threshold. Other embodiments are possible as
well.

{00676} If the determined view of the camera is the second condition. the method
continues at block 308 with providing instructions for removing the indicator. The
instructions may be stored in the program instructions of the computing device and may be
executable by the processor.

[6877] Figures 6 A-6B illusirate example computing devices performing functions in
accordance with an exapiple method. For the illustrated examples, the computing device 600

cortaing all of the features of the computing device described in Figure 2. However, it should
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be understood that the computing device may fake other fonins andfor may include
components different than those illustrated m Figure 2.

[6878] Figure 6A illustrates an example indicator 602 on the display 604 of the
computing device 600. The example indicator 602 in Figure 6A represents a camera with a
handprint somdge, indicating that the camera needs cleaning. Other possible graphical
indicators are possible as well. In one embodument, the indicator 602 may flash on the
display 604 of the computing device 60G. In another embodiment, the indicator 602 may
remain on the display until the computing device 500 determiines that the view of the camers
is substantially unobstracted. Once the computing device 50¢ determines that the view of the
camera is substantially unobstructed, the conwputing device miay provide instructions to
remove the indicator, as show in Figare 6B.

IV,  Example Compuier-Readable Medinm Configured to Detect Camera
Ohbstructions

[6879] Figure 7 depicts a computer-readable medium configured according to an
example embodiment. In example embodiments, the example system can inchide one oy
1HOTe Processors, one or more forms of memory, one or more input devices/interfaces. one or
more output devices/interfaces, and machine-readable instructions that when executed by the
one of more processors cause the system to carry out the various functions, tasks, capabilities,
ete.. described ahove,

[0080] As noted above, in some embodiments, the disclosed methods can be
implemented by computer program instuctions encoded on a non-fransifory computer-
readable storage media in a machine-readable format, or on other non-transitory media or
articles of manufacture. Figure 7 is a schematic dlustrating a conceptual partial view of an
example computer program product that includes a computer program for execufing a
computer process on & computing Jdevice, mranged according to at least some embodiments

presented herein.
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{0081} In one embodinient, the example computer program product 700 is provided
using a signal bearing medium 702, The signal bearing medium 702 may inchide one or
more programmung instructions 704 thaf, when execufed by one or more processors may
provide functionality ot portions of the functionality described above with respect to Figuyes
1-6. In some examples, the signal bearing medinnm 702 can be a computer-readable medium
716, such as, but not limited to, a hard disk drive, a Compact Disc (CD), a Digital Video Disk
(DVD), a digital tape, mentory, stc. In sopwe implementations, the signal bearing piedium

7

702 can be a computer recordable medium 708, such as, but not limited to, memory.
readfwrite (W) CDs, R'W DVDs, efc. In some implemientations. the signal bearing
medium 702 cap be a comnwmnications medinn 714, such ax. but not limited to, a3 digital
andfor an analog commwunication medinm {e.g., a fiber optic cable, a waveguide. a wired
comiunications link, a wireless commumnication link, efc.). Thus, for example, the signal
bearing medinn 702 can be conveved by a wireless form of the commumnications medium
Ti0.

{0082] The one or more programming insiructions 704 can be, for example, computer
executable andfor logic implemented instructions. In some examples, a computing device
such as the processor 206 of Figure 2 is configured to provide various operations, functions,
or actions i response 1o the progranuning instructions 704 conveyed to the processor 206 by
one or more of the computer-readable medium 706, the compaer recordable medim 708,
and/or the comprmications medium 710,

{©1083] The non-wransitory computer-readable medinm could also be distributed
among multiple data storage elements, which could be remotely located from each other. The
device that execufes some or all of the stored instructions could be a clisnt-side computing
device as illustrated in Figures 1-2. Alternatively, the device that executes some or all of the

stored instructions could be a server-side computing device.
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V. Conclusion

[0O84] Tt should be understood that arrangements described herein are for purposes of
example only. As such, those skilled in the art will appreciate that other arrangements and
other elements (e.z. machines, interfaces, functions. orders, and groupings of fnctions. et}
can be used instead, and some elements may be omitted altogether according to the desired
results. Further, many of the clements that are described are functional entities that may be
implemented as discrete or distributed components or in conjunction with other components,
in any suitable combination and location.

[0085] While various aspects and embodiments have heen disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the scope being indicated by the following claims.
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CLAIMS

We clainn

i A method comprising:

receiving an isage from a camera;

COMParing one of prore parameters of the iimage with one or more control parameters,
wherein the one or miore control parameters comprise information indicative of an nage
from a substantially anobstucted camera;

based on the comparison, determining a score between the one or more parameters of
the image and the one or more control parameters:

accumulating, by a computing device. a counf of a munber of times the determined
score exceeds a first threshold; and

based on the count exceeding a second threshold, determiining that the camera is at

least partially obstructed.

2. The method of claim I, further comprising providing a notification that the

camera is at least partially obstructed.

3 The method of claim 2. further comprising providing the notification on the

computing device.

4 The method of claim 1, wherein the count of the number of times the
determined score excesds the fivst threshold ix based on one o prore images previously

received by the camera.
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5. The method of claim 1, wherein the one or more parmmeters of the image

comiprises a luminance histogram of the immage.

6. The method of claim 1, wherein the one or more parameters of the image
comprises a histogram of image directional gradients of the image, wherein an image

directional gradient comprises a directional change i intensity of the image.

7. The method of claim 1, wherein the one or more parameters of the image

comprises 8 minimuim color value of the image.

8. The method of claim 1, wherein the one or more parameters of the image
comprises a point-spread-function of the camera. wherein the peoint-spread-function
comprises an expression of the relafionship between light intensity and distance from the

center of a point source.

G, The method of claim i, wherein defermining the score between the one or
more parameters of the image and the one or more control parameters comprises:

comparing one or more parameters of a first region of the niuage with one or more
control parameters of the first region;

based on the comparison, defermining a raw scorg between the one or more
parampeters of the iinage and the one or muore control parameters;

applying a weight coefficient to the raw score fo determine a first score;

comparing one of more parameters of a second region of the image with one or more

control parameters of the second region:

(]
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based on the comparison, determining a second score befween the one or more
parameters of the image and the one or more confrel parameters; and

summing the first score and the second scare.

10, The method of claim 1. further comprising receiving an input, wherein the

input cornprises the first threshold.

11, The method of claim i, further comprising receiving an inpuf, wherein the

input comprises the second twesheld.

12, A method comprising:

determining a first condition of a view of a camera on a computing device, wherein
the first condition is indicative of an at least partially obstructed view;

providing an indicator for display on the computing device, wherein the indicator is
indicative of the first condition: and

providing instructions for removing the indicator based on a determinstion that the
view of the camera s a second condition, wherein the second condition is a substantially

unnobstructed view,

13, The method of claim 12, wherein determining the first condition of the view of
the camera comprises:

receiving at image from the camera:

comparing one or more parameters of the image with one or miore control parameters,
wherein the one or more control parameters comprise inforpiation indicative of an image

from a substantially nnobstructed camera;

3
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based on the comparison, determining a score between the one or wore parameters of
the image and the one or ore control parameters; and
based on the score exceeding a threshold, determining that the camera i at least

partially obstructed.

4. The method of clain 12, wherein determining the first condition of the view of
the camera comprises:

receiving at image from the camera:

COMpAring one of more parameters of the image with one or more control parameters.
wherein the one or more control parameters comprise inforpiation indicative of an image
from a substantially nnobstiucted camera;

based on the comparison, defermining a score between the one or more parameters of
the image and the one or more control parameters;

accumnulating, by a conputing device, a count of a nuntber of tumes the determined
score exceeds a first dweshold; and

based on the count exceeding a second threshold, deterimining that the camera is at

least partially obstructed.

15, The method of claim 14, further comprising receiving an inputf, wherein the

input cornprises the first threshold.

16, The method of claim 14, further comprising receiving an input. wherein the

input comprises the second threshold.

[
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17, A computer-readable storage medinm having stored thereon instinctions, that
when executed by a computing device, cause the computing device to carry out fanctions
comprising:

receiving an image from a camers;

commparing one of more parameters of the iinage with one or more contipl parameters,
wherein the one or more control parameters comprise information indicative of an image
fromm a substantially unobstiucted camera;

based on the comparison, determining a score between the one or wore parameters of
the image and the one or more conirol paranieters:

accummlating a count of a number of times the determined score exceeds a first
threshold: and

hased on the count exceeding a second threshold, determining that the camera is at

least partially obstructed.

18, The computer-readable sforage mediun of claim 17, wherein the funciion of
determining the score between the one or miore parameters of the image and the one or more
control parameters coniprises:

comparing one or more parameters of a first region of the image with one or more
control parameters of the first region;

based op the comparison, defermining a raw scorg between the one or more
parampeters of the iinage and the one or muore control parameters;

applying a weight coefficient to the raw score fo determine a first score;

comparing one of more parameters of a second region of the image with one or more

control parameters of the second region:

5]
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based on the comparison, determining a second score befween the one or more
parameters of the image and the one or more confrel parameters; and

summing the first score and the second scare.

19, The computer-readable storage mediom of claim 17, wherein the functions
further comprise providing a notification that the caniera is at least partiaily obstructed.

20, The method of claim 19, futher comprising providing the notification on the

.

computing device.

[
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