
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2013/0021484 A1 

Sorek et al. 

US 2013 0021484A1 

(43) Pub. Date: Jan. 24, 2013 

(54) 

(75) 

(73) 

(21) 

(22) 

(60) 

DYNAMIC COMPUTATION OF LENS 
SHADING 

Inventors: 

Assignee: 

Appl. No.: 

Filed: 

Noam Sorek, Zichron Yacoov (IL); Ilia 
Vitsnudel, Even Yehuda (IL) 

BROADCOM CORPORATION, 
Irvine, CA (US) 

13/330,047 

Dec. 19, 2011 

Related U.S. Application Data 
Provisional application No. 61/509,747, filed on Jul. 
20, 2011. 

Image Sensor 
Device 
102 

Speaker 
108 
a 

8 

Microph 
110 

One 

AID 
104 

Audio COdeC 
112 

Publication Classification 

(51) Int. Cl. 
H04N 5/228 (2006.01) 

(52) U.S. Cl. ............................. 348/208.4; 348/E05.031 

(57) ABSTRACT 

Embodiments of the present disclosure utilize captured image 
information to dynamically determine a lens shading Surface 
being experienced by an imaging device or camera under 
current conditions. The lens shading Surface is then used to 
apply a correction to the pixels of captured images to com 
pensate for effects of lens shading. 
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Capture a sequence of images 4O2 

Determine local gradients of the captured 
images 404 

Compare a model of a lens shading 
surface to the measured gradients from the 

captured images and save deviation(s) 
between the tWO for later Comparison 

Adjust the model and iteratively compare 
with the measured gradients until an 

optimum model is determined 408 

Calculate a lens Shading gain adjustment 
Surface is from the model Of the lens 

shading surface 41 

Perform lens shading correction on the pixel 
values of the Captured image using the lens 

shading gain adjustment Surface 412 

FIG. 4 
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Continually calculate a lens shading Surface 
for preview images being displayed 502 

Responsive to the calculated lens shading 
surface being determined to be satisfactory, 

store the lens shading surface in a 
reference database 504 

Upon selection to capture an image, a 
newly calculated lens shading Surface is 

used to Compensate for lens shading effects 
in the captured image if the newly 

Calculated lens shading surface was 
determined to be satisfactory O6 

Otherwise, a lens shading Surface 
prestored in the reference database is used 
to compensate for lens shading effects in 

the captured image 508 
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Two or more images of the same scene, containing objects, are 
captured, where the images have some displacement between 

themselves 602 

Analyze the relative displacement between the images based 
on tracking of image areas with details or discernable objects 

604 

For each point and for each color plane in the image, a ratio 
between an intensity level at the first image and the level of the 

same object point at the second image is calculated 606 

Normalize the differences to the values 

Create a difference surface profile by interpolating data values 
as needed to produce a smooth lens shading surface prote 

After the lens shading surface is generated from a current 
scene, use the lens shading surface to indicate the light source 
illuminating the Scene and Supply an unbiased measurement 

for the White balance 
612 

FIG. 6 
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DYNAMIC COMPUTATION OF LENS 
SHADING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to copending U.S. 
provisional application entitled, "Image Capture Device Sys 
tems and Methods,” having Ser. No. 61/509,747, filed Jul. 20, 
2011, which is entirely incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present disclosure is generally related to lens 
shading correction for imaging devices. 

BACKGROUND 

0003. An increasing number of devices are being pro 
duced that are enabled to capture and display images. For 
example, mobile devices, such as cell phones, are increas 
ingly being equipped with digital cameras to capture images, 
including still Snapshots and motion video images. 
0004 One of the critical problems in small form factor 
cameras like the ones in cellular phones is the lens shading of 
the camera, where lens shading is the difference in light 
transition through the opto-electrical system of the camera, in 
away that a same light source that is imaged by the camera at 
different angles, or places on the image is read by the camera 
in different values rather than having the same value. 
0005. As a result, lens shading can cause pixel cells in a 
pixel array of an image sensor located farther away from the 
center of the pixel array to have a lower pixel signal value 
when compared to pixel cells located closer to the center of 
the pixel array even when all pixel cells are exposed to the 
same illuminant condition. Moreover, pixels with different 
spectral characteristics have different responses to the lens 
shading, which may cause appearance of color patches even if 
the scene is monochromatic. In order to correct the lens 
shading, long and expensive calibration process is done per 
camera or mobile product. In many cases, calibration errors 
are the main source for the reduced image quality in these 
devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006. Many aspects of the present disclosure can be better 
understood with reference to the following drawings. The 
components in the drawings are not necessarily to scale, 
emphasis instead being placed upon clearly illustrating the 
principles of the present disclosure. Moreover, in the draw 
ings, like reference numerals designate corresponding parts 
throughout the several views. 
0007 FIG. 1 is a block diagram of an exemplary mobile 
device with image capture and processing capability in accor 
dance with embodiments of the present disclosure. 
0008 FIG. 2 is a diagram representation of an intensity 
profile under uniform illumination in accordance with 
embodiments of the present disclosure. 
0009 FIG. 3 is a diagram representation of intensity pro 

files of multiple images under non-uniform illumination in 
accordance with embodiments of the present disclosure. 
0010 FIGS. 4-6 are flow chart diagrams depicting exem 
plary processes of estimating lens shading in accordance with 
the disclosed embodiments. 
0011 FIG. 7 is a diagram representation of a surface pro 

file that may be created depending on the scene being photo 
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graphed and the particular illumination characteristics in 
accordance with the disclosed embodiments. 
0012 FIGS. 8-11 are block diagrams illustrating 
examples of a mobile device employing the image processing 
circuitry of FIG. 1. 

DETAILED DESCRIPTION 

0013 Embodiments of the present disclosure utilize cap 
tured image information to determine a lens shading Surface 
being experienced by an imaging device or camera under 
current conditions (e.g., optical conditions, lighting condi 
tions, etc.). The lens shading Surface is then used to apply a 
correction to the pixels of captured images to compensate for 
effects of lens shading. 
0014 Embodiments of the present disclosure relate to 
image processing performed in devices. For example, 
embodiments include mobile devices where image process 
ing must be performed with limited resources. Types of such 
mobile devices include mobile phones (e.g., cell phones), 
handheld computing devices (e.g., personal digital assistants 
(PDAs), BLACKBERRY devices, PALM devices, etc.), 
handheld music players (e.g., APPLE IPODs, MP3 players, 
etc.), and further types of mobile devices. Such mobile 
devices may include a camera or image sensor used to capture 
images, such as still images and video images. The captured 
images are processed internal to the mobile device. 
0015 FIG. 1 shows a block diagram of an exemplary 
mobile device 100 with image capture and processing capa 
bility. Mobile device 100 may be a mobile phone, a handheld 
computing device, a music player, etc. The implementation of 
mobile device 100 shown in FIG. 1 is provided for purposes 
of illustration, and is not intended to be limiting. Embodi 
ments of the present disclosure are intended to cover mobile 
devices having additional and/or alternative features to those 
shown for mobile device 100 in FIG. 1. 
0016. As shown in FIG.1, mobile device 100 includes, but 

is not limited to including, an image sensor device 102, an 
analog-to-digital (A/D) 104, an image processor 106, a 
speaker 108, a microphone 110, an audio codec 112, a central 
processing unit (CPU) 114, a radio frequency (RF) trans 
ceiver 116, an antenna 118, a display 120, a battery 122, a 
storage 124, and a keypad 126. These components are typi 
cally mounted to or contained in a housing. The housing may 
further contain a circuit board mounting integrated circuit 
chips and/or other electrical devices corresponding to these 
components. Each of these components of mobile device 100 
is described as follows. 
0017 Battery 122 provides power to the components of 
mobile device 100 that require power. Battery 122 may be any 
type of battery, including one or more rechargeable and/or 
non-rechargeable batteries. 
0018 Keypad 126 is a user interface device that includes a 
plurality of keys enabling a user of mobile device 100 to enter 
data, commands, and/or to otherwise interact with mobile 
device 100. Mobile device 100 may include additional and/or 
alternative user interface devices to keypad 126. Such as a 
touch pad, a roller ball, a stick, a click wheel, and/or voice 
recognition technology. 
0019. Image sensor device 102 is an image capturing 
device. For example, image sensor device 102 may include an 
array of photoelectric light sensors, such as a charge coupled 
device (CCD) or a CMOS (complementary metal-oxide 
semiconductor) sensor device. Image sensor device 102 typi 
cally includes a two-dimensional array of sensor elements or 
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pixel sensors organized into rows and columns. Each pixel 
sensor may be identified using pixel sensor coordinates, 
where x' is a row number, and “y” is a column number, for 
any pixel sensor in the array of sensor elements. In embodi 
ments, each pixel sensor of image sensor device 102 is con 
figured to be sensitive to a specific color, or color range. In one 
example, three types of pixel sensors are present, including a 
first set of pixel sensors that are sensitive to the color red, a 
second set of pixel sensors or photo-detectors that are sensi 
tive to green, and a third set of pixel sensors that are sensitive 
to blue. Image sensor device 102 receives light (from optical 
system 101) corresponding to an image, and generates an 
analog image signal corresponding to the captured image. 
Analog image signal includes analog values for each of the 
pixel sensors. 
0020 Optical system 101 can be a single lens, as shown, 
but may also be a set of lenses. An image of a scene is formed 
in visible optical radiation through a shutter onto a two 
dimensional Surface of the image sensor 102. An electrical 
output of the sensor carries an analog signal resulting from 
scanning individual photo-detectors of the Surface of the sen 
Sor 102 onto which the image is projected. Signals propor 
tional to the intensity of light striking the individual photo 
detectors or pixel sensors are obtained in the output in time 
sequence, typically by scanning them in a raster pattern, 
where the rows of photo-detectors are scanned one at a time 
from left to right, beginning at the top row, to generate a frame 
of video data from which the image may be reconstructed. 
0021 A/D 104 receives analog image signal, converts ana 
log image signal to digital form, and outputs a digital image 
signal. Digital image signal includes digital representations 
of each of the analog values generated by the pixel sensors or 
photo-detectors, and thus includes a digital representation of 
the captured image. 
0022 Image processor 106 performs image processing of 
the digital pixel sensor data received in digital image signal. 
For example, image processor 106 may be used to generate 
pixels of all three colors at all pixel positions when a Bayer 
pattern image is output by image sensor device 102. 
0023 Note that in an embodiment, two or more of image 
sensor device 102, A/D 104, and image processor 106 may be 
included together in a single IC chip, such as a CMOS chip, 
particularly when image sensor device 102 is a CMOS sensor, 
or may be in two or more separate chips. 
0024 CPU 114 is shown in FIG. 1 as coupled to each of 
image processor 106, audio codec 112, RF transceiver 116, 
display 120, storage 124, and keypad 126. CPU 114 may be 
individually connected to these components, or one or more 
of these components may be connected to CPU 114 in a 
common bus structure. 
0025 Microphone 110 and audio CODEC 112 may be 
present in some applications of mobile device 100, such as 
mobile phone applications and video applications (e.g., 
where audio corresponding to the video images is recorded). 
Microphone 110 captures audio, including any sounds Such 
as voice, etc. Microphone 110 may be any type of micro 
phone. Microphone 110 generates an audio signal that is 
received by audio codec 112. The audio signal may include a 
stream of digital data, or analog information that is converted 
to digital form by an analog-to-digital (ND) converter of 
audio codec 112. Audio codec 112 encodes (e.g., compresses) 
the received audio of the received audio signal. Audio codec 
112 generates an encoded audio data stream that is received 
by CPU 114. 
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0026 CPU 114 receives image processor output signal 
from image processor 106 and receives the audio data stream 
from audio codec 112. In some embodiments, CPU 114 may 
include an additional image processor. In one embodiment, 
the additional image processor performs image processing 
(e.g., image filtering) functions for CPU 114. In an embodi 
ment, CPU 114 includes a digital signal processor (DSP), 
which may be included in the additional image processor. 
When present, the DSP may apply special effects to the 
received audio data (e.g., an equalization function) and/or to 
the video data. CPU 114 may store and/or buffer video and/or 
audio data in storage 124. Storage 124 may include any Suit 
able type of storage, including one or more hard disc drives, 
optical disc drives, FLASH memory devices, etc. In an 
embodiment, CPU 114 may stream the video and/or audio 
data to RF transceiver 116, to be transmitted from mobile 
device 100. 
0027. When present, RF transceiver 116 is configured to 
enable wireless communications for mobile device 116. For 
example, RF transceiver 116 may enable telephone calls, 
Such as telephone calls according to a cellular protocol. RF 
transceiver 116 may include a frequency up-converter (trans 
mitter) and down-converter (receiver). For example, RF 
transceiver 116 may transmit RF signals to antenna 118 con 
taining audio information corresponding to Voice of a user of 
mobile device 100. RF transceiver 116 may receive RF sig 
nals from antenna 118 corresponding to audio information 
received from another device in communication with mobile 
device 100. RF transceiver 116 provides the received audio 
information to CPU 114. In another example, RF transceiver 
116 may be configured to receive television signals for mobile 
device 100, to be displayed by display 120. In another 
example, RF transceiver 116 may transmit images captured 
by image sensor device 102, including still and/or video 
images, from mobile device 100. In another example, RF 
transceiver 116 may enable a wireless local area network 
(WLAN) link (including an IEEE 802.11 WLAN standard 
link), and/or other type of wireless communication link. 
(0028 CPU 114 provides audio data received by RF trans 
ceiver 116 to audio codec 112. Audio codec 112 performs bit 
stream decoding of the received audio data (if needed) and 
converts the decoded data to an analog signal. Speaker 108 
receives the analog signal, and outputs corresponding sound. 
0029 Image processor 106, audio codec 112, and CPU 
114 may be implemented in hardware, software, firmware, 
and/or any combination thereof. For example, CPU 114 may 
be implemented as a proprietary or commercially available 
processor that executes code to perform its functions. Audio 
codec 112 may be configured to process proprietary and/or 
industry standard audio protocols. Image processor 106 may 
be a proprietary or commercially available image signal pro 
cessing chip, for example. 
0030) Display 120 receives image data from CPU 114, 
Such as image data generated by image processor 106. For 
example, display 120 may be used to display images captured 
by image sensor device 102. Display 120 may include any 
type of display mechanism, including an LCD (liquid crystal 
display)panel or other display mechanism. In some embodi 
ments, the display may show a preview of images currently 
being received by the sensor 102, whereby a user may select 
a control (e.g., shutter button) to begin saving captured image 
(s) to storage 124. 
0031 Depending on the particular implementation, image 
processor 106 formats the image data output in image pro 
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cessor output signal according to a proprietary or known 
video data format. Display 120 is configured to receive the 
formatted data, and to display a corresponding captured 
image. In one example, image processor 106 may output a 
plurality of data words, where each data word corresponds to 
an image pixel. A data word may include multiple data por 
tions that correspond to the various color channels for an 
image pixel. Any number of bits may be used for each color 
channel, and the data word may have any length. 
0032. In some implementations, display 120 has a display 
screen that is not capable of viewing the full resolution of the 
images captured by image sensor device 102. Image sensor 
devices 102 may have various sizes, including numbers of 
pixels in the hundreds of thousand, or millions, such as 1 
megapixel (Mpel), 2 Mpels, 4 Mpels, 8 Mpels, etc.). Display 
120 may be capable of displaying relatively smaller image 
S17S. 

0033. To accommodate such differences between a size of 
display 120 and a size of captured images, CPU 114 may 
down-size a captured image received from image processor 
106 before providing the image to display 120, in some 
embodiments. Such image downsizing may be performed by 
a Subsampling process. In computer graphics, Subsampling is 
a process used to reduce an image size. Subsampling is a type 
of image Scaling, and may alter the appearance of an image or 
reduce the quantity of information required to store an image. 
Two types of subsampling are replacement and interpolation. 
The replacement technique selects a single pixel from a group 
and uses it to represent the entire group. The interpolation 
technique uses a statistical sample of the group (Such as a 
mean) to create a new representation of the entire group. 
0034. As stated above, image processor 106 performs pro 
cessing of digital image signal and generates an image pro 
cessor output signal. Image processing may include lens 
shading correction processes performed by a lens shading 
sub-module 107 of an image processor 106, in one embodi 
ment. 

0035. Due to lens shading, along a given radius, the farther 
away from the center of the image sensor, the more attenuated 
the signal from a given pixel circuit becomes. Moreover, 
pixels with different spectral characteristics have different 
responses to the lens shading, which may cause appearance of 
color patches even if the scene is monochromatic. As such, 
correction is applied in order to reduce the spatial variation. 
By applying again to attenuated signals according to posi 
tion, embodiments of the present disclosure perform posi 
tional gain adjustment. A function that maps pixel position 
into a desired correction amount is referred to hereinas a lens 
shading gain adjustment Surface. In one embodiment, the 
Surface may consist of an interleaving of several Smooth 
Surfaces, each for every pixel type or color. Such a Surface 
may be generated in a CMOS circuit, in one embodiment, and 
then used for correction of spatial non-uniformity sensitivity 
of the lens shading correction across pixel positions in the 
sensor array. 
0036. In conventional processes, shading correction fac 
tors for an optical photo system (e.g., lens, image sensor, 
and/or housing) of a mobile device 100 are performed by 
imaging a scene of uniform intensity onto the image sensor 
102 employed by the device being calibrated. Data of the 
resulting circular, hyperbolic or other variation across the 
image sensor device (see FIG. 2) are derived by prior mea 
Surement of image sensor photo detector signals and a com 
pensating mathematical function or functions are calculated 
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and stored under optimal lab conditions, where imaging a 
scene of uniform intensity is possible. 
0037 Accordingly, by capturing an image of a scene that 
is known to be a flat illumination field, an actual response may 
be measured from the image. In some embodiments, a 
response may be measured in each of the color planes—red, 
green, blue. The response will show that at its center, the 
response is strongest and weaker at its edges. Accordingly, 
pixels corresponding to the edges of the pixel sensor may be 
multiplied by a relative corrective factor so that the corrected 
response is flat, after correction. These correction factors may 
be used for captured image(s) acquired under similar illumi 
nation conditions. 
0038. However, illumination conditions change as the 
environment of the mobile device changes. Further, different 
lens positions within the optical system 101 produce different 
lens shading effects. Accordingly, different correction factors 
may need to be adjusted to compensate for different light 
Sources within a scene being photographed and/or lens posi 
tioning or qualities (e.g., changes in Zoom or focus, particular 
manufacturing accuracies, mounting of lens, filter consisten 
cies, etc.). Therefore, a tuning process to premeasure all the 
different combinations of potential different positions and 
light sources will be complicated and not accurate, since for 
each combination, the actual response measured from a cap 
tured image is different. 
0039. In contrast, with embodiments of the present disclo 
Sure, shading correction factors for an optical photo system, 
(e.g., the lens, image sensor, and/or housing) of a digital 
camera or other imaging device, are performed by capturing 
multiple images of a scene in Succession. By analyzing the 
differences between intensity values of the captured images 
and the shift in detected intensity values with respect to the 
pixels, the lens shading effect on the camera may be better 
understood and represented. Therefore, in one embodiment, 
capturing two images of a same scene with slight camera shift 
between image captures provides the reference from which 
the lens shading gain adjustment can be estimated, as repre 
sented in FIG. 3. In particular, a lens shading curve or Surface 
may be determined that caused the differences between the 
captured images. In some embodiments, preview images cap 
tured for display on a viewfinder of a mobile device 100 may 
be used to determine the lens shading effect, where upon 
capturing of an image (e.g., after selecting a shutterbutton or 
control), the captured image may be corrected to compensate 
for the current lens shading effect. For example, a series of 
low resolution images may be used to preview the image to 
the photographer before actually taking a high resolution 
image. Then, data of the resulting circular, hyperbolic or other 
variation across the image sensor 102 are derived by dynamic 
measurement of image sensor photo detector signals and a 
compensating mathematical function or functions are calcu 
lated. 
0040. By implementing Such a process, lens shading phe 
nomenon may be estimated dynamically and on the fly. 
Accordingly, during manufacturing and assembly of a camera 
or mobile device equipped with a camera, resources used for 
corrective lens shading calibration may be eliminated or sig 
nificantly reduced. 
0041 While conditions may often exist that allow for cap 
turing of images that can be used to estimate lens shading, in 
Some situations, conditions may not be present to capture an 
image that allows for Sufficient estimation of lens shading. As 
an example, an image may be captured where an object in a 
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scene is moving (as opposed to the camera moving). Accord 
ingly, a Subsequent capturing of the scene is going to be quite 
dissimilar, since the scene is not static. Further, the lens shad 
ing sub-module 107 and/or the image processor 106 may 
detect that illumination types for the captured images are not 
the same. Accordingly, the lens shading sub-module 107 and/ 
or image processor 106 may attempt to detect that lighting 
conditions are stable during capturing of the images that are 
used to derive the lens shading Surface. For example, in a 
Subsequent image, maybe someone turned out the lights in a 
room where a scene is being captured. In Such a situation, the 
mobile device 100 may rely on prestored lens shading cor 
rection factors that are Suited for a similar illumination type. 
The lens shading sub-module 107 and/or the image processor 
106 may add lens shading correction factors to a reference 
database 125 of storage 124 periodically as factors are 
dynamically generated that are determined to be suitable to be 
used in future uses, where conditions do not allow for suitable 
correction factors to be newly generated. Also, in some 
embodiments, lens shading correction factors may be pre 
loaded or stored in the reference database 125 at a manufac 
turing facility so that the camera is equipped with preliminary 
lens shading correction factors that can be used, as needed. 
0042. In one embodiment, the correction factors may be 

initially generated responsive to capturing a scene in a flat 
field (e.g., a white wall with desired illumination) within a 
closed environment. Also, since the correction factors cap 
tured at the manufacturing facility is used as a secondary 
measure and is not intended to be used as a primary tool for 
estimating the lens shading, the scene does not necessarily 
need to be a perfectly flat field, in one embodiment. There 
fore, the motion based calculation may be performed in the 
manufacturing stage with relatively flat surfaces which make 
measurements faster to obtain and less dependent on mea 
Surement conditions. In other words, a wider range of manu 
facturing conditions are available to be used with systems and 
processes of the present disclosure. 
0043. As stated above, the lens shading sub-module 107 
and/or the image processor 106 may detect conditions that do 
not allow for Sufficient measuring of lens shading. Accord 
ingly, in a case where good conditions are not present to 
measure lens shading, the mobile device 100 takes advantage 
of a lens shading correction factors stored in the reference 
database 125. Alternatively, in a case where good conditions 
are present, the lens shading sub-module 107 and/or the 
image processor 106 compares the differences between 
recently captured images and defines a lens shading Surface 
(on the fly) by considering the differences between the cap 
tured images. Then, a lens Surface gain adjustment Surface 
may be chosen that matches the intensity variation or varia 
tions reflected by the lens shading Surface across the captured 
images that are to be corrected. The mobile device 100 may 
also store the lens Surface gain adjustment Surface in the 
reference database 125 for later use, as needs arise. 
0044 Additionally, one embodiment of dynamic lens 
shading calculation utilizes gradients or differences between 
captured image areas to define the lens shading Surface. From 
the lens shading Surface, corrections may be prepared to 
compensate for the effects of lens shading. To determine the 
lens shading Surface, inter image consideration and/or intra 
image consideration are evaluated. For inter image consider 
ation, in one embodiment, two images are captured and a ratio 
is calculated between a pixel value in an object in one image 
and the pixel value of the same place on the same object in a 
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second image (that was taken after camera motion). The 
calculated ratio represents a local gradient of the lens shading 
at the direction of the camera or mobile device movement. 
0045. For intra image consideration, areas with similar 
colors in the image and/or similar intensities may be used to 
estimate a portion of lens shading Surface from differences in 
the areas of the same image. Accordingly, in one embodi 
ment, via the lens shading sub-module 107 and/or the image 
processor 106, a second ratio is calculated, between a pixel 
value of an object in an image and the pixel value of another 
object that has similar luminosity in the image. The calculated 
second ratio represents the gradient of the lens shading 
between these two points. 
0046 For inter image consideration, in order to find 
matching pixel values in the two images, the images are 
geometrically matched with one another. In one embodiment, 
global motion is detected from the two images, where motion 
parameters may include translation and transformation (e.g., 
affine or perspective). Then, areas having local motion that is 
different from the global motion are determined. These areas 
may have had an object moving in the camera field or scene 
being photographed. In one embodiment, areas having local 
motion are not analyzed for gradients. In Such a situation, a 
correction factor may be determined by extrapolation from 
other areas (not subject to the local motion) in single image 
data. Also, if intra image analysis is not available on the single 
image (e.g., the size of the image exceeds a threshold), a 
captured image may be compensated using stored lens shad 
ing correction factors in the reference database 125 instead of 
determining correction factors dynamically, in one embodi 
ment. 

0047. The foregoing processes may be iterative in some 
embodiments, whereafter an estimation of lens shading, pro 
cesses may be repeated to determine a new estimation of lens 
shading. In some embodiments, the motion detection is per 
formed on full resolution image(s). After the motion detection 
is estimated, then a first image is transformed to match the 
second image geometrically and matching pixel values are 
attempted to be found. 
0048 Gradients and pixel ratios may be affected with 
noise and inaccuracies. For example, possible sources of 
noise include pixel noise (i.e., electronic and photonic noise 
in the process of converting luminance to digital luminance 
count), errors in estimation of motion, changing light condi 
tion between the two images, an object has different reflection 
into the camera in different positions, an incorrect assumption 
on similar luminance, where in reality two objects being 
compared have different luminance, etc. To avoid or reduce 
Such inaccuracies, measures may be taken to calculate the 
gradients in flat areas where there are no rapid changes in 
luminance (e.g., edges). For example, areas near edges in the 
captured images may be masked out. 
0049. Then, the lens shading surface may be calculated 
from the local gradients, in some embodiments. In one 
embodiment, a model of a lens shading Surface may be com 
puted or estimated that matches the measured gradients in the 
captured images. Accordingly, parameters of the model may 
be adjusted until an optimal result is determined from all the 
tested results or trials. 
0050 For example, one possible technique determines an 
optimized analytical parametric Surface by selectinga Surface 
model equation (e.g., polynomial, Gaussian, etc.) and calcu 
lating the parameters of the lens shading Surface model that 
yield minimal difference between the surface gradient (ac 
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cording to the model) and measured gradients. Another pos 
sible technique, among others, determines an optimized sin 
gular value decomposition (SVD) Surface composition by 
select largest Surface eigenvectors and calculating the coeffi 
cients for the surface composition that yield minimal differ 
ence between the Surface gradient (according to the model) 
and measured gradients. 
0051) To illustrate, a Gaussian model may be used to 
model the lens shading being experienced by the mobile 
device 100 and values of parameters for the model may be 
adjusted until an optimal match is found between the model 
and the measured values. Instead of a Gaussian model, other 
models may be considered. Such as a polynomial Surface 
model, in some embodiments. Alternatively, an SVD process 
may be used. 
0052 To match the pixel values, color layers may be esti 
mated using a variety of techniques, including direct layer 
estimation, independent color layer estimation, and normal 
ized color domain estimation. For instance, measurements 
may be made in normalized color domain(s) where possible, 
since, typically, luminosity changes more rapidly than nor 
malized color in images. Additional measurements include 
calculating Small number of Surface model parameters with 
large number of measurements; limiting parameter space to a 
predefined space according to measurements of sample units 
in different light (spectra and intensity) conditions; averaging 
measurements before calculating gradients (e.g., by down 
sampling the image); calculating global gradients rather than 
using only local gradients; and segmenting the image to a 
Small number of color segments, and estimating global gra 
dients on each one. Also, in Some embodiments, possible 
effects of light flickering during capturing of the images may 
be addressed and removed from the images. 
0053 Accordingly, in one embodiment, one technique of 
matching pixels involves direct layer estimation, where local 
gradients are calculated. In particular, in the inter image con 
sideration, differences between the images represents the 
local gradients. In the intra image consideration, color seg 
ments are derived and differences between like color seg 
ments are representative of local gradients. An optimized lens 
shading Surface is modeled which matches with local gradi 
ents at measured points. Accordingly, a model Surface may be 
computed that fits the local gradients of each of the color 
segments. From inter and/or intra image considerations, 
information may be obtained on the gradients at each corre 
sponding sensor point of the image, where the gradients are 
representative of the lens shading phenomenon. By taking 
gradients from inter image and/or intra image calculations 
and optimizing according to the two respective sets, a lens 
shading Surface can be estimated and applied to a captured 
image. 
0054. In some embodiments, lens shading correction for 
color image sensors may be defined for each of a plurality of 
color channels in order to correct for lens shading variations 
across color channels. Further, different techniques or models 
may be used by the lens shading sub-module 107 and/or the 
image processor 106 for the different color channels. As an 
example, a green channel may determine a best fit of color 
plan parameters for an SVD model and a red/blue channel 
may utilize direct layer optimization. In general, once a lens 
shading Surface has been determined, then lens shading can 
be corrected using standard correction methods. 
0055. Further, with estimation of the lens shading surface 
or curve, other image quality processes may be benefited. For 
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example, by knowing the lens shading Surface, accurate white 
balancing may be computed. As discussed above, different 
light sources create different lens shading. Therefore, by 
determining the lens shading correctly, an unbiased measure 
ment for the white balance can be provided by the mobile 
device 100. 

0056 To illustrate, a white balance may be selected that is 
appropriate to generate the estimated lens shading curve, 
where different illuminants have different optical wavelength 
responses and hence may result in different lens shading 
Surfaces. The image processor 106 or an auto-white-balance 
(AWB) sub-module of the image processor 106 may then 
determine the type of illuminant used to generate the lens 
shading curve that has been estimated and Subsequently use 
this information to correct white balance levels in captured 
image(s). 
0057. In addition to performing accurate white balancing, 
more robust motion estimation may also be implemented 
responsive to the lens shading estimation by the lens shading 
sub-module 107 and/or the image processor 106. For 
example, from analysis performed in determining the lens 
shading phenomenon, global motion can be estimated by 
calculating a mean difference between image areas in the two 
images captured in a sequence, where the difference corre 
sponds to the same object moving across one image to a 
different place in the second image. Since the second image 
has different lens shading characteristics as compared to the 
first, it also has a different mean brightness as compared to the 
first image. Accordingly, instead of examining correlations 
between the images in order to determine a motion vector that 
can be used to estimate camera motion, statistics used to 
determine the lens shading can also be used to estimate the 
camera motion. Therefore, differences in the statistics 
between the images may be used to calculate the camera or 
global motion. 
0.058 As an example, the first image may feature a white 
ball at a left corner of the frame. The second image may 
feature the ball at a position to the right of the left corner, 
where the ball has a brighter intensity than in the first frame. 
The lens shading for the mobile device 100 has been deter 
mined, where the lens shading is found to traverse along one 
side of the image sensor 102 to the other side. Accordingly, at 
a pixel sensor corresponding to the left corner of the image, 
the average intensity value is going to be lower than an aver 
age intensity value at a pixel sensor to the right. Therefore, 
based on the lens shading statistics, it is expected that the 
intensity values of pixels corresponding to the ball will 
change based on the lens shading as the ball moves to the right 
in Subsequent images. Therefore, by considering the global 
and local statistics compiled on the captured images, an 
object having a different intensity value than a prior value in 
a prior frame may be determined to be the same object in 
motion due to the lens shading phenomenon (that has been 
previously computed). As a result, motion can be analyzed 
and determined. 

0059 FIG. 4 illustrates a flow chart depicting a process of 
estimating lens shading in accordance with the disclosed 
embodiments. Lens shading estimation, in accordance with 
FIG. 4, is performed by a pixel processing pipeline of image 
processor 106 (FIG. 1) (e.g., lens shading module 107) 
dynamically and, if necessary, stored references surface(s) 
acquired during a calibration operation. The image processor 
106 has access to the stored gain adjustment Surface(s) and 
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scene adjustment Surface(s) in, for example, reference data 
base 125 (FIG. 1) or other memory storage. 
0060. When an image is generally captured by a digital 
camera, the image is not captured in a known illumination 
type or a reference is not available for the current illumination 
type. The captured image is a natural image, where the lens 
shading sub-module 107 of an image processor 106 does not 
have any preset knowledge of the illumination type and may 
not therefore have a reference correction surface prestored 
according to the current illumination type. While in conven 
tional processes, lens shading correction factors may be 
solely derived from capturing a scene of a flat field to create an 
image that contains even color and intensity values except for 
effects from lens shading, natural images taken by the camera 
normally have no Such flat areas in the image. Accordingly, 
embodiments of the present disclosure analyze the differ 
ences in light transition from natural images captured by the 
mobile device 100. 
0061. As such, embodiments of the present disclosure take 
advantage of capturing multiple images in Succession and 
determining a lens shading correction or gain adjustment 
Surface for the present illumination conditions. In particular, 
since the images are captured by the same image sensor 102 
of the mobile device 100, the images are captured using the 
same optics. Accordingly, intensity values of pixels for the 
multiple images should ideally be the same, and illumination 
levels for the captured images should also be the same, since 
the images are captured within parts of a second from one 
another, in some embodiments. In practice, the mobile device 
100 may move or shift during the capturing of one image to 
the next. Also, due to lens shading, the intensity values of the 
pixels may not be exactly the same. 
0062 Accordingly, by analyzing the differences between 
intensity values of the captured images and the shift in 
detected intensity values with respect to the pixels of the 
captured images, the lens shading effect on the mobile device 
100 may be better understood and represented. Therefore, in 
one embodiment, capturing two images of a same scene with 
slight camera shift between image captures provides the ref 
erence from which the corrective lens shading Surface can be 
estimated. In particular, a lens shading curve or Surface may 
be determined that caused the differences between the cap 
tured images. In some embodiments, preview images cap 
tured for display on a viewfinder of a camera may be used to 
determine the lens shading effect, where upon capturing of an 
image (e.g., after selecting a shutter button or control), the 
captured image may be corrected to compensate for the cur 
rent lens shading effect. 
0063 Lens shading estimation begins with capturing a 
sequence of images at step 402. At step 404, local gradients of 
the captured images are determined. As noted above, the local 
gradients may be determined in a number of different ways. In 
Some embodiments, techniques estimate the local gradients 
from inter image consideration and/or intra image consider 
ation. 
0064. For example, multiple images may be captured and 
inter image analysis may be performed on the captured 
images. In addition, intra image analysis may be performed 
on each captured image. The intra image analysis may be 
performed in concert with the inter image analysis or apart 
from the inter image analysis, in Some embodiments, based 
on recognition of a particular condition. For instance, a 
sequence of images may have been Subjected to a level of 
local motion in the scene being photographed that does not 
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allow for adequate statistics to be obtained. Alternatively, 
adequate statistics for global motion may not be able to be 
obtained which prohibits one or both approaches from being 
used or causes prestored statistics or factors in the reference 
database 125 to be used instead. As an example, a single 
image may not contain multiple areas with similar colors or 
intensity. 
0065 Referring back to FIG. 4, at step 406, a model of a 
lens shading Surface is compared to the measured gradients 
from the captured images and the deviation between the two 
is saved for later comparison. The process proceeds to step 
408 where the model is adjusted and compared again with the 
measured gradients and new deviation(s) are computed and 
compared with the saved values. The model having the set of 
Smallest deviation values is maintained as the optimum model 
for the trials previously computed. The process then repeats 
until an optimum model is determined. 
0066. At step 410, a lens shading gain adjustment surface 

is calculated from the lens shading Surface. For embodiments 
that derived a lens shading Surface for each color channel of 
the image sensor, the lens shading gain adjustment Surface 
may also be determined for each color channel. In other 
words, lens shading correction for color image sensors may 
be defined for each of a plurality of color channels in order to 
correct for lens shading variations across color channels. For 
these color image sensors, the lens shading gain adjustment 
Surface is applied to the pixels of the corresponding color 
channel during post-image capture processing to correct for 
variations in pixel value due to the spatial location of the 
pixels in the pixel array. In some embodiments, monochrome 
image sensors, on the other hand, apply a single gain adjust 
ment Surface to all pixels of a pixel array. Likewise, color 
image sensors may use a single lens shading gain adjustment 
Surface across all color channels, in Some embodiments. 
0067. To illustrate, a pixel value located at x, y pixel coor 
dinates may be multiplied by the lens surface gain adjustment 
values at the x, y pixel coordinates on the lens Surface gain 
adjustment Surface. Accordingly, at step 412, lens shading 
correction is performed on the pixel values of the captured 
image using the lens Surface gain adjustment Surface(s). 
0068. In some embodiments discussed above, a lens shad 
ing module 107 is provided to estimate the effects of lens 
shading and to possibly correct the gain of individual pixels in 
captured images. The lens shading module 107 may, for 
example, be implemented as Software or firmware. 
0069. The lens shading module 107 may be implemented 
in image processor 106 as Software designed to implement 
lens shading correction, in one embodiment. Alternatively, 
lens shading module 107 may be implemented in image sen 
sor 102, in one embodiment. 
0070. In some embodiments, the lens shading module 107 
utilizes lens shading correction Surfaces to determine gain 
correction for individual pixels to account for lens shading. 
An individual correction or gain adjustment Surface may, for 
example, comprise parameters to calculate gain correction 
although it will also be understood that in some cases a 
correction table may be stored. Positional gain adjustments 
across the pixel array can be provided as digital gain values, 
one corresponding to each of the pixels. It may happen that 
the further away a pixel is from the center of the pixel array, 
the more gain is needed to be applied to the pixel value. The 
set of digital gain values for the entire pixel array forms a lens 
shading gain adjustment Surface. 
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0071. In some embodiments, only a relatively few gain 
values are preferably stored, in order to minimize the amount 
of memory required to store correction data, and a determi 
nation of values between the stored values is obtained, during 
the image modification process, by a form of interpolation. In 
order to avoid noticeable discontinuities in the image inten 
sity, these few data values are preferably fit to a smooth curve 
or curves that are chosen to match the intensity variation or 
variations across the image that are to be corrected. 
0072 Also, in some embodiments, the digital gain values 
are computed from an expression that approximates the 
desired lens shading gain adjustment Surface, since the num 
ber of parameters needed to generate an approximate Surface 
is generally significantly lower than the numbers of param 
eters needed to store the digital gain values for every pixel 
location. Some image sensors 102 have built-in lens shading 
operation on-chip, while other image sensors rely on a sepa 
rate image processing imaging chip for this operation. 
0073 FIG. 5 is a flowchart representation of a method in 
accordance with one embodiment of the present disclosure. In 
particular, a method is presented for use in conjunction with 
one or more of the functions and features described in con 
junction with FIGS. 1-3. In step 502, a lens shading surface is 
continually calculated for preview images being displayed by 
a mobile device 100. When the calculated lens shading sur 
face is determined to be satisfactory (e.g., no local motion 
detected, illumination of scene deemed to be stable, etc.), the 
lens shading Surface is stored in a reference database 125, in 
Step 504. Accordingly, upon selection to capture an image, a 
newly calculated lens shading Surface is used to compensate 
for lens shading effects in the captured image, in step 506 if 
the newly calculated lens shading Surface was determined to 
be satisfactory. Otherwise, a lens shading Surface prestored in 
the reference database 125 is used to compensate for lens 
shading effects in the captured image, in step 508. 
0074) Next, FIG. 6 is a flowchart representation of a 
method in accordance with one embodiment of the present 
disclosure. In particular, a method is presented for use in 
conjunction with one or more of the functions and features 
described in conjunction with FIGS. 1-3. In step 602, two or 
more images of the same scene, containing objects, are cap 
tured, where the images have some displacement between 
themselves. In step 604, the relative displacement between 
the images is analyzed based on tracking of image areas with 
details or discernable objects. In step 606, for each point and 
for each color plane in the image, a ratio between an intensity 
level at the first image and the level of the same object point 
at the second image is calculated. If there were no lens shad 
ing, the values would be the same. In step 608, the differences 
to the values are normalized, and in step 610, from the calcu 
lated ratios, a difference surface profile is created by possibly 
filtering the results and interpolating data points or values, as 
needed, to produce a smooth lens shading Surface profile. As 
a point of reference, FIG. 7 is a representative lens shading 
Surface profile that may be created depending on the scene 
being photographed and the particular illumination charac 
teristics. In step 612, after the lens shading Surface is 
extracted or generated from a current scene, the lens shading 
Surface is used to indicate the light source illuminating the 
scene and Supply an unbiased measurement for the white 
balance. 

0075 While conventional lens correction processes are 
characterized by poor performances; inaccurate estimation of 
spectra from white balance (e.g., different spectra can have 
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same white balance but different lens shading); inaccurate 
measurement extrapolation during manufacturing; costly 
tuning or calibration process, limited in applicability to fixed 
focus lenses (e.g., fixed optical patterns), etc., dynamic lens 
shading estimation and correction methods disclosed herein 
improve upon the foregoing drawbacks. AS flex focusing or 
Zoom controls gain popularity with digital cameras and 
become more complicated, dynamic estimation of lens shad 
ing based on current image captures and not preset measure 
ments will provide improved accuracy over current conven 
tional processes. Contemplated advantages include improved 
image quality with low quality lenses in cellular phones and 
other camera applications; shorter time to market; shorter 
calibration process of the camera in the product development 
stage; and reduction of manufacturing cost to the camera 
Vendor due to shorter or non-calibration process per sensor. 
0076 Mobile device 100 may comprise a variety of plat 
forms in various embodiments. To illustrate, a Smartphone 
electronic device 100a is represented in FIG. 8, where the 
smartphone 100a includes an optical system 101, at least one 
imaging device or sensor 102, at least one image processor 
106 with lens shading sub-module 107, a power source 122, 
among other components (e.g., display 120, processor 114, 
etc.). Further, a tablet electronic device 100b is represented in 
FIG.9, where the tablet 100b includes an optical system 101, 
at least one imaging device or sensor 102, at least one image 
processor 106 with lens shading sub-module 107, a power 
Source 122, among other components (e.g., display 120, pro 
cessor 114, etc.). Then, a laptop computer 100C is represented 
in FIG. 10, where the laptop computer 100c includes an 
optical system 101, at least one imaging device or sensor 102. 
at least one image processor 106 with lens shading Sub 
module 107, a power source 122, among other components 
(e.g., display 120, processor 114, etc.). Also, a digital camera 
electronic device 100d is represented in FIG. 11, where the 
digital camera 100d includes an optical system 101, at least 
one imaging device or sensor 102, at least one image proces 
sor 106 with lens shading sub-module 107, a power source 
122, among other components (e.g., display 120, processor 
114, etc.). Therefore, a variety of platforms of electronic 
mobile devices may be integrated with the image processor 
106 and/or lens shading sub-module 107 of the various 
embodiments. 

0077 Embodiments of the present disclosure can be 
implemented in hardware, Software, firmware, or a combina 
tion thereof. In some embodiments, the lens shading Sub 
module 107 is implemented in software or firmware that is 
stored in a memory and that is executed by a Suitable instruc 
tion execution system. In some embodiments, the lens shad 
ing sub-module 107 comprises an ordered listing of execut 
able instructions for implementing logical functions and can 
be embodied in any computer-readable medium for use by or 
in connection with an instruction execution system, appara 
tus, or device. Such as a computer-based system, processor 
containing system, or other system that can fetch the instruc 
tions from the instruction execution system, apparatus, or 
device and execute the instructions. In the context of this 
document, a "computer-readable medium' can be any means 
that can contain, store, communicate, or transport the pro 
gram for use by or in connection with the instruction execu 
tion system, apparatus, or device. The computer readable 
medium can be, for example but not limited to, an electronic, 
magnetic, optical, electromagnetic, infrared, or semiconduc 
tor System, apparatus, device, or propagation medium. More 
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specific examples (a nonexhaustive list) of the computer 
readable medium would include the following: an electrical 
connection (electronic) having one or more wires, a portable 
computer diskette (magnetic), a random access memory 
(RAM) (electronic), a read-only memory (ROM) (elec 
tronic), an erasable programmable read-only memory 
(EPROM or Flash memory) (electronic), an optical fiber (op 
tical), and a portable compact disc read-only memory 
(CDROM) (optical). 
0078 If implemented in hardware, as in an alternative 
embodiment, the lens shading sub-module 107 can be imple 
mented with any or a combination of the following technolo 
gies, which are all well known in the art: a discrete logic 
circuit(s) having logic gates for implementing logic functions 
upon data signals, an application specific integrated circuit 
(ASIC) having appropriate combinational logic gates, a pro 
grammable gate array(s) (PGA), a field programmable gate 
array (FPGA), etc. 
007.9 The flow chart of FIGS. 4-6 shows the architecture, 
functionality, and operation of a possible implementation of 
the image processor 106 and relevant sub-modules. In this 
regard, each block represents a module, segment, or portion 
of code, which comprises one or more executable instructions 
for implementing the specified logical function(s). It should 
also be noted that in some alternative implementations, the 
functions noted in the blocks may occur out of the order noted 
in FIGS. 4-6. For example, two blocks shown in succession in 
FIGS. 4-6 may in fact be executed substantially concurrently 
or the blocks may sometimes be executed in the reverse order, 
depending upon the functionality involved, as will be further 
clarified hereinbelow. 
0080. It should be emphasized that the above-described 
embodiments of the present disclosure are merely possible 
examples of implementations, merely set forth for a clear 
understanding of the principles of the disclosure. Many varia 
tions and modifications may be made to the above-described 
embodiments without departing substantially from the spirit 
and principles of the disclosure. All Such modifications and 
variations are intended to be included herein within the scope 
of this disclosure and protected by the following claims. 

Therefore, at least the following is claimed: 
1. An image processing method, comprising: 
capturing a sequence of images via an image sensor, 

wherein the captured images have a global motion shift 
between them; 

tracking a relative global motion displacement between the 
captured images; 

calculating a ratio between an intensity levelata first image 
of the captured images and an intensity level of a same 
object point at a second image of the captured images; 
and 

based on the ratios calculated, determining a lens shading 
surface profile. 

2. The method of claim 1, further comprising: 
determining a level of light source illuminating a scene 

recorded in the captured images and providing a mea 
Surement for white balance in the captured images. 

3. An image processing system, comprising: 
an image sensor to capture image data; and 
at least one image processor that receives a plurality of 

captured image data and detects a global motion that is 
present during capturing of the captured image data, 
wherein the global motion is used to estimate effects of 
lens shading on the captured image data. 
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4. The system of claim3, wherein the captured image data 
is not characterized by a flat illumination field. 

5. The system of claim 3, wherein the at least one image 
processor dynamically corrects Subsequently captured image 
data for the effects of lens shading. 

6. The system of claim 5, wherein the at least one image 
processor corrects newly captured image data for the effects 
of lens shading using prestored corrective factors that are not 
based on the captured image data when a condition in which 
the captured image data is captured is determined to not be 
conducive to using corrective factors based on the captured 
image data. 

7. The system of claim 5, wherein the at least one image 
processor corrects newly captured image data for the effects 
of lens shading using corrective factors that are based on the 
captured image data from a single image when a condition in 
which the captured image data is captured is determined to 
not be conducive to using corrective factors based on the 
captured image data from multiple images. 

8. The system of claim 3, wherein the at least one image 
processor determines a white balance level of the captured 
image data based on an estimation of the effects of lens 
shading. 

9. The system of claim 3, wherein the at least one image 
processor determines a motion estimation of the image sensor 
that captured the captured image databased on an estimation 
of the effects of lens shading. 

10. The system of claim 3, wherein the at least one image 
processor continually captures the captured image data as 
part of a preview mode and continually determines the effects 
of lens shading during the preview mode. 

11. An image processing method, comprising: 
receiving at least one captured image via an image sensor; 
detecting a global motion that is present during capturing 

of the at least one captured image; and 
computing an estimate of effects of lens shading on the at 

least one captured image from changes in intensity val 
ues of pixels in the at least one captured image during a 
global motion shift. 

12. The method of claim 11, wherein responsive to select 
ing to forgo computing the estimate of lens shading using 
inter image analysis of a plurality of captured image data, the 
estimate of the effects of lens shading is computed using intra 
image analysis of a single captured image, wherein the at least 
one captured image is the single captured image. 

13. The method of claim 11, wherein the estimate of the 
effects of lens shading is computed using at least inter image 
analysis of a sequence of captured image data, wherein the at 
least one captured image is the sequence of captured image 
data. 

14. The method of claim 11, further comprising: 
dynamically correcting Subsequently captured image data 

for the effects of lens shading that has been previously 
computed for current lighting conditions. 

15. The method of claim 14, further comprising: 
correcting newly captured image data for the effects of lens 

shading using prestored corrective factors that are not 
based on the at least one captured image when a condi 
tion in which the at least one captured image is captured 
is determined to not be conducive to using corrective 
factors based on the at least one captured image. 
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16. The method of claim 15, wherein the condition com 
prises a changing illumination level in the at least one cap 
tured image, wherein the at least one captured image com 
prises a plurality of captured images. 

17. The method of claim 15, wherein the condition com 
prises a local motion being detected in a scene that is a subject 
of the at least one captured image. 

18. The method of claim 11, further comprising: 
determining a white balance level of the at least one cap 

tured image based on an estimation of the effects of lens 
shading. 
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19. The method of claim 11, further comprising: 
determining a motion estimation of the image sensor that 

captured the at least one captured image based on an 
estimation of the effects of lens shading. 

20. The method of claim 11, wherein the at least one 
captured image comprises a plurality of captured images that 
are continuously captured as part of a preview mode and the 
effects of lens shading are continuously determined during 
the preview mode. 


