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(57) ABSTRACT 

A digital camera has an integral ?ash and stores and displays 
a digital image. Under certain conditions, a ?ash photograph 
taken With the camera may result in a red-eye phenomenon 
due to a re?ection Within an eye of a subject of the photo 
graph. A digital apparatus has a red-eye ?lter Which analyzes 
the stored image for the red-eye phenomenon and modi?es 
the stored image to eliminate the red-eye phenomenon by 
changing the red area to black. The modi?cation of the image 
is enabled When a photograph is taken under conditions 
indicative of the red-eye phenomenon. The modi?cation is 
subject to anti-falsing analysis Which further examines the 
area around the red-eye area for indicia of the eye of the 
subject. The detection and correction can be optimized for 
performance and quality by operating on subsample versions 
of the image When appropriate. 
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IMAGE MODIFICATION BASED ON 
RED-EYE FILTER ANALYSIS 

PRIORITY 

[0001] This application is a continuation-in-part applica 
tion Which claims the bene?t of priority to US. patent appli 
cation Ser. No. 10/635,862, ?led Aug. 5, 2003, Which is a 
continuation-in-part of US. patent application Ser. No. 
10/170,511, Which is a continuation of US. patent applica 
tion Ser. No. 08/947,603, ?led Oct. 9, 1997, now US. Pat. No. 
6,407,777, Which are each hereby incorporated by reference. 
This application is related to US. patent application Ser. No. 
10/635,918, ?led Aug. 5, 2003 and a continuation-in-part of 
the ’91 8 application ?led contemporaneously With the 
present application. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to the area of ?ash 
photography, and more speci?cally to ?ltering “red-eye” 
from a digital camera image. 

BACKGROUND OF THE INVENTION 

[0003] “Red-eye” is a phenomenon in ?ash photography 
Where a ?ash is re?ected Within a subject’s eye and appears in 
a photograph as a red dot Where the black pupil of the sub 
ject’s eye Would normally appear. The unnatural gloWing red 
of an eye is due to internal re?ections from the vascular 
membrane behind the retina, Which is rich in blood vessels. 
This objectionable phenomenon is Well understood to be 
caused in part by a small angle betWeen the ?ash of the 
camera and the lens of the camera. This angle has decreased 
With the miniaturization of cameras With integral ?ash capa 
bilities. Additional contributors include the relative closeness 
of the subject to the camera and ambient light levels. 
[0004] The red-eye phenomenon can be minimized by 
causing the iris to reduce the opening of the pupil. This is 
typically done With a “pre-?ash”, a ?ash or illumination of 
light shortly before a ?ash photograph is taken. This causes 
the iris to close. Unfortunately, the pre-?ash is an objection 
able 0.2 to 0.6 seconds prior to the ?ash photograph. This 
delay is readily discernible and easily Within the reaction time 
of a human subject. Consequently the subject may believe the 
pre-?ash is the actual photograph and be in a less than desir 
able position at the time of the actual photograph. Alternately, 
the subject must be informed of the pre-?ash, typically loos 
ing any spontaneity of the subject captured in the photograph. 
[0005] Those familiar With the art have developed complex 
analysis processes operating Within a camera prior to invok 
ing a pre-?ash. Various conditions are monitored prior to the 
photograph before the pre-?ash is generated, the conditions 
include the ambient light level and the distance of the subject 
from the camera. Such a system is described in US. Pat. No. 
5,070,355 to Inoue et al. Although that invention minimiZes 
the occurrences Where a pre-?ash is used, it does not elimi 
nate the need for a pre-?ash. What is needed is a method of 
eliminating the red-eye phenomenon With a miniature camera 
having an integral Without the distraction of a pre-?ash. 
[0006] Digital cameras are becoming more popular and 
smaller in siZe. Digital cameras have several advantages over 
?lm cameras. Digital cameras eliminate the need for ?lm as 
the image is digitally captured and stored in a memory array 
for display on a display screen on the camera itself. This 
alloWs photographs to be vieWed and enjoyed virtually 
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instantaneously as opposed to Waiting for ?lm processing. 
Furthermore, the digitally captured image may be doWn 
loaded to another display device such as a personal computer 
or color printer for further enhanced vieWing. Digital cameras 
include microprocessors for image processing and compres 
sion and camera systems control. Nevertheless, Without a 
pre-?ash, both digital and ?lm cameras can capture the red 
eye phenomenon as the ?ash re?ects Within a subject’s eye. 
Thus, What is needed is a method of eliminating red-eye 
phenomenon Within a miniature digital camera having a ?ash 
Without the distraction of a pre-?ash. 

BRIEF SUMMARY OF THE INVENTION 

[0007] A portable digital camera having no photographic 
?lm includes an integral ?ash for providing illumination dur 
ing image acquisition and/or recording, a digital image cap 
turing apparatus for acquiring and/ or recording an image, and 
a red-eye ?lter. The red eye ?lter is for modifying an area 
Within the image indicative of a red-eye phenomenon based 
on an analysis of a subsample representation of selected 
regions of the image. 
[0008] The analysis may be performed at least in part for 
determining the area, and/ or may be performed at least in part 
for determining the modifying. The selected regions of the 
digitiZed image may include the entire image or one or more 
regions may be excluded. The selected regions may include 
multi resolution encoding of the image. The analysis may be 
performed in part on a full resolution image and in part on a 
subsample resolution of the digital image. 
[0009] The apparatus may include a module for changing 
the degree of said subsampling. This changing the degree of 
the subsampling may be determined empirically, and/or 
based on a siZe of the image or selected regions thereof, 
and/or based on data obtained from the camera relating to the 
settings of the camera at the time of image capture. In the 
latter case, the data obtained from the camera may include an 
aperture setting, focus of the camera, distance of the subject 
from the camera, or a combination of these. The changing the 
degree of the subsampling may also be determined based 
digitiZed image metadata information and/ or a complexity of 
calculation for the red eye ?lter. 
[001 0] The modifying of the area may be performed includ 
ing the full resolution of the digital image. The red-eye ?lter 
may include multiple sub ?lters. The subsampling for the sub 
?lters operating on selected regions of the image may be 
determined by one or more of the image siZe, suspected as red 
eye region siZe, ?lter computation complexity, empirical suc 
cess rate of said sub ?lter, empirical false detection rate of 
said sub ?lter, falsing probability of said sub ?lter, relations 
betWeen said suspected regions as red eye, results of previous 
analysis of other said sub ?lters. 
[0011] The apparatus may include a memory for saving the 
digitiZed image after applying the ?lter for modifying pixels 
as a modi?ed image, and/or a memory for saving the sub 
sample representation of the image. The subsample represen 
tation of selected regions of the image may be determined in 
hardWare. The analysis may be performed in part on the full 
resolution image and in part on a subsample resolution of the 
image. 
[0012] The subsample representation may be determined 
using spline interpolation, and may be determined using bi 
cubic interpolation. 
[0013] According to another aspect, a portable digital cam 
era having no photographic ?lm includes an integral ?ash for 
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providing illumination during image acquisition and/or 
recording, a digital image capturing apparatus for acquiring 
and/ or recording an image, an image store and a red-eye ?lter. 
The image store is for holding a temporary copy of an unproc 
essed image knoWn as a pre-capture image, a permanent copy 
of a digitally processed, captured image, and a subsample 
representation of selected regions of at least one of the 
images, e.g., the pre-capture image. The red-eye ?lter is for 
modifying an area Within at least one of the images indicative 
of a red-eye phenomenon based on an analysis of the sub 
sample representation. Preferably, the at least one of the 
images includes the digitally processed, captured image. This 
further aspect may also include one or more features in accor 
dance With the ?rst aspect. 
[0014] In addition, the changing the degree of the subsam 
pling may be determined based on data obtained from the 
camera relating to image processing analysis of said precap 
ture images. The image processing analysis may be based on 
histogram data or color correlogram data, or both, obtained 
from the pre-capture image. The image processing analysis 
may also be based on global luminance or White balance 
image data, or both, obtained from the pre-capture image. The 
image processing analysis may also be based on a face detec 
tion analysis of the pre-capture image, or on determining 
pixel regions With a color characteristic indicative of redeye, 
or both. The image processing analysis may be performed in 
hardWare. The changing of the degree of the subsampling 
may be determined based on image metadata information. 
[0015] The red eye ?lter of a camera in accordance With 
either aspect may include a pixel locator, a shape analyZer 
and/ or a pixel modi?er. The pixel locator is for locating pixels 
having a color indicative of the red-eye phenomenon. The 
shape analyZer is for determining if a grouping of at least a 
portion of the pixels located by the pixel locator comprise a 
shape indicative of the red-eye phenomenon. The pixel modi 
?er is for modifying the color of the pixels Within the group 
ing. The camera may further include a falsing analyZer for 
further processing the image in a vicinity of the grouping for 
details indicative of an eye, and for enabling the pixel modi 
?er in response thereto. The camera may also include an 
exposure analyZer for determining if the image Was acquired 
and/ or recorded in a condition indicative of the red-eye phe 
nomenon. 

[001 6] A method of ?ltering a red eye phenomenon from an 
acquired and/or recorded image is also provided in accor 
dance With another aspect, Wherein the image includes a 
multiplicity of pixels indicative of color. The method includes 
determining Whether one or more regions Within a subsample 
representation of the acquired and/or recorded image are 
suspected as including red eye artifact. 
[0017] The method may include varying a degree of the 
subsample representation for each region of the one or more 
regions based on the image, and/or generating a subsample 
representation based on the image. The subsample represen 
tation may be generated or the degree varied, or both, utiliZing 
a hardWare-implemented subsampling engine. One or more 
regions Within said subsample representation determined as 
including red eye artifact may be tested for determining any 
false redeye groupings. 
[0018] The method may further include associating the one 
or more regions Within the subsample presentation of the 
image With one or more corresponding regions Within the 
acquired and/or recorded image, and modifying the one or 
more corresponding regions Within the acquired and/or 
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recorded image. The determining may include analyZing 
meta-data information including image acquisition device 
speci?c information. 
[0019] The method may include analyZing the subsample 
representation of selected regions of the acquired and/or 
recorded image, and modifying an area determined to include 
red eye artifact. The analysis may be performed at least in part 
for determining said area and/ or the modifying. The selected 
regions of the image may include the entire image or may 
exclude one or more regions. The selected regions of the 
image may include multi resolution encoding of the image. 
The analyZing may be performed in part on a full resolution 
image and in part on a subsample resolution of the image. 
[0020] The method may include changing the degree of the 
subsampling. This changing of the degree of subsampling 
may be determined empirically, and/or based on a siZe of the 
image or selected regions thereof. 
[0021] The method may include saving the image after 
applying the ?lter for modifying pixels as a modi?ed image, 
and/or saving the subsample representation of the image. The 
method may include determining the subsample representa 
tion of the image in hardWare, and/or using a spline or bi 
cubic interpolation. 
[0022] The modifying of the area may be performed includ 
ing the full resolution of the image. The method may include 
determining the subsample representation utiliZing a plural 
ity of sub-?lters. The determining of the plurality of sub 
?lters may be based on one or more of the image siZe, a 
suspected red eye region siZe, ?lter computation complexity, 
empirical success rate of the sub-?lter, empirical false detec 
tion rate of the sub-?lter, falsing probability of the sub-?lter, 
relations betWeen said suspected red eye regions, or results of 
previous analysis of one or more other sub-?lters. 
[0023] The method may further include locating pixels, 
analyZer pixel shapes and/ or modifying pixels, each in accor 
dance With identifying and removing a red eye phenomenon 
form an acquired and/or recorded digital image. That is, the 
method may include locating pixels having a color indicative 
of the red-eye phenomenon. The method may further include 
determining if a grouping of at least a portion of the located 
pixels comprise a shape indicative of the red-eye phenom 
enon. The method may further include modifying the color of 
the pixels Within the grouping. The method may further 
include processing the image in a vicinity of the grouping for 
details indicative of an eye, and enabling the pixel modi?er in 
response thereto. The method may further include determin 
ing if the image Was acquired and/or recorded in a condition 
indicative of the red-eye phenomenon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 shoWs a block diagram of a camera apparatus 
operating in accordance With the present invention. 
[0025] FIG. 2 shoWs a pixel grid upon Which an image of an 
eye is focused. 
[0026] FIG. 3 shoWs pixel coordinates of the pupil of FIG. 
2 
[0027] FIG. 4 shoWs pixel coordinates ofthe iris ofFIG. 2. 
[0028] FIG. 5 shoWs pixel coordinates Which contain a 
combination of iris and pupil colors of FIG. 2. 
[0029] FIG. 6 shoWs pixel coordinates of the White eye area 
of FIG. 2. 
[0030] FIG. 7 shoWs pixel coordinates of the eyebroW area 
of FIG. 2. 
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[0031] FIG. 8 shows a ?oW chart of a method operating in 
accordance With the present invention. 
[0032] FIG. 9 shoWs a ?oW chart for testing if conditions 
indicate the possibility of a red-eye phenomenon photograph. 
[0033] FIG. 10 shoWs a ?oW chart for testing if conditions 
indicate a false red-eye grouping. 
[0034] FIG. 11 illustrates in block form an exemplary 
arrangement in accordance With a precapture image utiliZa 
tion aspect. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0035] FIG. 1 shoWs a block diagram of a camera apparatus 
operating in accordance With the present invention. The cam 
era 20 includes an exposure control 30 that, in response to a 
user input, initiates and controls the digital photographic 
process. Ambient light is determined using light sensor 40 in 
order to automatically determine if a ?ash is to be used. The 
distance to the subject is determined using focusing means 50 
Which also focuses the image on image capture means 60. The 
image capture means digitally records the image in color. The 
image capture means is knoWn to those familiar With the art 
and may include a CCD (charge coupled device) to facilitate 
digital recording. If a ?ash is to be used, exposure control 
means 30 causes the ?ash means 70 to generate a photo 
graphic ?ash in substantial coincidence With the recording of 
the image by image capture means 60. The ?ash may be 
selectively generated either in response to the light sensor 40 
or a manual input from the user of the camera. The image 
recorded by image capture means 60 is stored in image store 
means 80 Which may comprise computer memory such a 
dynamic random access memory or a nonvolatile memory. 
The red-eye ?lter 90 then analyZes the stored image for char 
acteristics of red-eye, and if found, modi?es the image and 
removes the red-eye phenomenon from the photograph as 
Will be describe in more detail. The red-eye ?lter includes a 
pixel locator 92 for locating pixels having a color indicative of 
red-eye; a shape analyZer 94 for determining if a grouping of 
at least a portion of the pixels located by the pixel locator 
comprise a shape indicative of red-eye; a pixel modi?er 96 for 
modifying the color of pixels Within the grouping; and an 
falsing analyZer 98 for further processing the image around 
the grouping for details indicative of an image of an eye. The 
modi?ed image may be either displayed on image display 100 
or doWnloaded to another display device, such as a personal 
computer or printer via image output means 110. It can be 
appreciated that many of the processes implemented in the 
digital camera may be implemented in or controlled by soft 
Ware operating in a microcomputer ([LC) or digital signal 
processor (DSP) and/or an application speci?c integrated 
circuit (ASIC). 
[0036] In a further embodiment the image capture means 
60 of FIG. 1 includes an optional image subsampling means, 
Wherein the image is actively doWn-sampled. In one embodi 
ment, the subsampling is done using a bi-cubic spline algo 
rithm, such as those that are knoWn to one familiar in the art 
of signal and image processing. Those familiar With this art 
are aWare of subsampling algorithms that interpolate and 
preserve pixel relationships as best they can given the limita 
tion that less data is available. In other Words, the subsam 
pling stage is performed to maintain signi?cant data While 
minimizing the image siZe, thus the amount of pixel-Wise 
calculations involved, Which are generally costly operations. 
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[0037] A subsample representation may include a multi 
resolution presentation of the image, as Well as a representa 
tion in Which the sampling rate is not constant for the entire 
image. For example, areas suspected as indicative of red eye 
may have different resolution, most likely higher resolution, 
than areas positively determined not to include red eye. 

[0038] In an alternative embodiment, the subsampling 
means utiliZes hardWare based subsampling Wherein the pro 
cessing unit of the digital imaging appliance incorporates a 
dedicated subsampling engine providing the advantage of a 
very fast execution of a subsampling operation. Such digital 
imaging appliance With dedicated subsampling engine may 
be based on a state-of-art digital imaging appliance incorpo 
rating hardWare that facilitates the rapid generation of image 
thumbnails. 
[0039] The decision to subsample the image is, in part, 
dependent on the siZe of the original image. If the user has 
selected a loW resolution image format, there may be little 
gain in performance of redeye detection and false avoidance 
steps. Thus, the inclusion of a subsampling means, or step or 
operation, is optional. 
[0040] The red eye detection ?lter of the preferred embodi 
ment may comprise a selection of sub ?lters that may be 
calculated in succession or in parallel. In such cases, the 
sub-?lters may operate on only a selected region, or a sus 
pected region. Such regions are substantially smaller than the 
entire image. The decision to subsample the image is, in part, 
dependent on one or a combination of a feW factors such as the 
siZe of the suspected region, the success or failure of previous 
or parallel ?lters, the distance betWeen the regions and the 
complexity of the computation of the sub ?lter. Many of the 
parameters involved in deciding Whether or not to subsample 
a region, and to What degree, may also be determined by an 
empirical process of optimiZation betWeen success rate, fail 
ure rate and computation time. 
[0041] Where the subsampling means, step or operation is 
implemented, then both the original and subsampled images 
are preferably stored in the image store 80 of FIG. 1. The 
subsampled image is noW available to be used by the redeye 
detector 90 and the false avoidance analyZer 98 of FIG. 1. 
[0042] As discussed before, the system and method of the 
preferred embodiment involves the detection and removal of 
red eye artifacts. The actual removal of the red eye Will 
eventually be performed on the full resolution image. HoW 
ever, all or portions of the detection of redeye candidate pixel 
groupings, the subsequent testing of said pixel groupings for 
determining false redeye groupings, and the initial step of the 
removal, Where the image is presented to the user for user 
con?rmation of the correction, can be performed on the entire 
image, the subsampled image, or a subset of regions of the 
entire image or the subsampled image. 
[0043] There is generally a tradeoff betWeen speed and 
accuracy. Therefore, according to yet another embodiment 
involving performing all detection on the subsampled image, 
the detection, and subsequent false-determining, may be per 
formed selectively, e.g., sometimes on full resolution regions 
that are suspected as red-eye, and sometimes on a subsampled 
resolution. We remark that the search step 200 of FIG. 8 
comprises, in a practical embodiment, a number of succes 
sively applied color ?lters based on iterative re?nements of an 
initial pixel by pixel search of the captured image. In addition 
to searching for a red color, it is preferably determined 
Whether the luminance, or brightness of a redeye region, lies 
Within a suitable range of values. Further, the local spatial 
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distribution of color and luminance are relevant factors in the 
initial search for redeye pixel groupings. As each subsequent 
?lter is preferably only applied locally to pixels in close 
proximity to a grouping of potential redeye pixels, it can 
equally Well be applied to the corresponding region in the 
full-siZed image. 
[0044] Thus, Where it is advantageous to the accuracy of a 
particular color-based ?lter, it is possible to apply that ?lter to 
the full-siZed image rather than to the subsampled image. 
This applies equally to ?lters Which may be employed in the 
false-determining analyZer 98. 
[0045] Examples of non-color based false-determining 
analysis ?lters include those Which consider the localiZed 
contrast, saturation or texture distributions in the vicinity of a 
potential redeye pixel grouping, those that perform localiZed 
edge or shape detection and more sophisticated ?lters Which 
statistically combine the results of a number of simple local 
?lters to enhance the accuracy of the resulting false-determin 
ing analysis. 
[0046] It is preferred that more computationally expensive 
?lters that operate on larger portions of the images Will utiliZe 
a subsampled version, While the more sensitive and delicate 
?lters may be applied to the corresponding region of the full 
resolution image. It is preferred that in the case of full reso 
lution only small portions of the image Will be used for such 
?lters. 

[0047] As a non exhaustive example, ?lters that look for a 
distinction betWeen lips and eyes may utiliZe a full resolution 
portion, While ?lters that distinguish betWeen background 
colors may use a subsample of the image. Furthermore, sev 
eral different siZes of subsampled images may be generated 
and employed selectively to suit the sensitivity of the different 
pixel locating and false determining ?lters. 
[0048] The decision Whether the ?lter should use a sub 
sampled representation, and the rate of the doWnsampling, 
may be determined empirically by a-priori statistically com 
paring the success rate vs. mis-detection rate of a ?lter With 
the subsampling rate and technique of known images. It is 
further Worth noting that the empirical determination Will 
often be speci?c to a particular camera model. Thus, the 
decision to use the full siZed image or the subsampled image 
data, for a particular pixel locating or false determining ?lter, 
may be empirically determined for each camera. 

[0049] In another aspect, a pre-acquisition or precapture 
image may be effectively utiliZed in an embodiment of the 
invention. Another type of subsampled representation of the 
image may be one that differs temporally from the captured 
image, in addition or alternative to the spatial differentiation 
With other aforementioned algorithms such as spline and 
bi-cubic. The subsample representation of the image may be 
an image captured before the ?nal image is captured, and 
preferably just before. A camera may provide a digital pre 
vieW of the image, Which may be a continuous subsample 
version of the image. Such pre-capture may be used by the 
camera and the camera user, for example, to establish correct 
exposure, focus and/or composition. 
[0050] The precapture image process may involve an addi 
tional step of conversion from the sensor domain, also 
referred to as raW-ccd, to a knoWn color space that the red eye 
?lter is using for calculations. In the case that the previeW or 
precapture image is being used, an additional step of align 
ment may be used in the case that the ?nal image and the 
pre-capture differ, such as in camera or object movement. 
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[0051] The pre-acquisition image may be normally pro 
cessed directly from an image sensor Without loading it into 
camera memory. To facilitate this processing, a dedicated 
hardWare subsystem is implemented to perform pre-acquisi 
tion image processing. Depending on the settings of this 
hardWare subsystem, the pre-acquisition image processing 
may satisfy some predetermined criteria Which then imple 
ments the loading of raW image data from the buffer of the 
imaging sensor into the main system memory together With 
report data, possibly stored as metadata, on the predetermined 
criteria. One example of such a test criterion is the existence 
of red areas Within the pre-acquisition image prior to the 
activation of the camera ?ash module. Report data on such red 
areas can be passed to the redeye ?lter to eliminate such areas 
from the redeye detection process. Note that Where the test 
criteria applied by the pre-acquisition image processing mod 
ule are not met then it can loop to obtain a neW pre-acquisition 
test image from the imaging sensor. This looping may con 
tinue until either the test criteria are satis?ed or a system 
time-out occurs. Note further that the pre-acquisition image 
processing step is signi?cantly faster than the subsequent 
image processing chain of operations due to the taking of 
image data directly from the sensor buffers and the dedicated 
hardWare subsystem used to process this data. 
[0052] Once the test criteria are satis?ed, the raW image 
data may be then properly loaded into main system memory 
to alloW image processing operations to convert the raW sen 
sor data into a ?nal pixelated image. Typical steps may 
include converting Bayer or RGGB image data to YCC or 
RGB pixelated image data, calculation and adjustment of 
image White balance, calculation and adjustment of image 
color range, and calculation and adjustment of image lumi 
nance, potentially among others. 
[0053] Following the application of this image processing 
chain, the ?nal, full-siZe image may be available in system 
memory, and may then be copied to the image store for further 
processing by the redeye ?lter subsystem. A camera may 
incorporate dedicated hardWare to do global luminance and/ 
or color/grayscale histogram calculations on the raW and/or 
?nal image data. One or more WindoWs Within the image may 
be selected for doing “local” calculations, for example. Thus, 
valuable data may be obtained using a ?rst pass” or pre 
acquisition image before committing to a main image pro 
cessing approach Which generates a more ?nal picture. 
[0054] A subsampled image, in addition to the precapture 
and more ?naliZed images, may be generated in parallel With 
the ?nal image by a main image processing toolchain. Such 
processing may be preferably performed Within the image 
capture module 60 of FIG. 1. An exemplary process may 
include the folloWing operations. First, a raW image may be 
acquired or pre-captured. This raW image may be processed 
prior to storage. This processing may generate some report 
data based on some predetermined test criteria. If the criteria 
are not met, the pre-acquisition image processing operation 
may obtain a second, and perhaps one or more additional, 
pre-acquisition images from the imaging sensor buffer until 
such test criteria are satis?ed. 

[0055] Once the test criteria are satis?ed, a full-siZed raW 
image may be loaded into system memory and the full image 
processing chain may be applied to the image. A ?nal image 
and a subsample image may then ultimately preferably be 
generated. 
[0056] FIG. 11 illustrates in block form a further exemplary 
arrangement in accordance With a precapture image utiliZa 
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tion aspect. After the pre-acquisition test phase, the “raW” 
image is loaded from the sensor into the image capture mod 
ule. After converting the image from its raW format (e.g., 
Bayer RGGB) into a more standardized pixel format such as 
YCC or RGB, it may be then subject to a post-capture image 
processing chain Which eventually generates a full-siZed ?nal 
image and one or more subsampled copies of the original. 
These may be preferably passed to the image store, and the 
red-eye ?lter is preferably then applied. Note that the image 
capture and image store functional blocks of FIG. 11 corre 
spond to blocks 60 and 80 illustrated at FIG. 1. 
[0057] FIG. 2 shoWs a pixel grid upon Which an image of an 
eye is focused. Preferably the digital camera records an image 
comprising a grid of pixels at least 640 by 480. FIG. 2 shoWs 
a 24 by 12 pixel portion of the larger grid labeled columns 
A-X and roWs 1-12 respectively. 
[0058] FIG. 3 shoWs pixel coordinates of the pupil of FIG. 
2. The pupil is the darkened circular portion and substantially 
includes seventeen pixels: K7, K8, L6, L7, L8, L9, M5, M6, 
M7, M8, M9, N6, N7, N8, N9, 07 and 08, as indicated by 
shaded squares at the aforementioned coordinates. In a non 
?ash photograph, these pupil pixels Would be substantially 
black in color. In a red-eye photograph, these pixels Would be 
substantially red in color. It should be noted that the afore 
mentioned pupil pixels have a shape indicative of the pupil of 
the subject, the shape preferably being a substantially circu 
lar, semi-circular or oval grouping of pixels. Locating a group 
of substantially red pixels forming a substantially circular or 
oval area is useful by the red-eye ?lter. 
[0059] FIG. 4 shoWs pixel coordinates ofthe iris of FIG. 2. 
The iris pixels are substantially adjacent to the pupil pixels of 
FIG. 2. Iris pixels J5, J6, J7, J8, J9, K5, K10, L10, M10, N10, 
O5, 010, P5, P6, P7, P8 and P9 are indicated by shaded 
squares at the aforementioned coordinates. The iris pixels 
substantially surround the pupil pixels and may be used as 
further indicia of a pupil. In a typical subject, the iris pixels 
Will have a substantially constant color. HoWever, the color 
Will vary as the natural color of the eyes each individual 
subject varies. The existence of iris pixels depends upon the 
siZe of the iris at the time of the photograph, if the pupil is very 
large then iris pixels may not be present. 
[0060] FIG. 5 shoWs pixel coordinates Which include a 
combination of iris and pupil colors of FIG. 2. The pupil/ iris 
pixels are located at K6, K9, L5, N5, 06, and 09, as indicated 
by shaded squares at the aforementioned coordinates. The 
pupil/iris pixels are adjacent to the pupil pixels, and also 
adjacent to any iris pixels Which may be present. Pupil/iris 
pixels may also contain colors of other areas of the subj ect’s 
eyes including skin tones and White areas of the eye. 
[0061] FIG. 6 shoWs pixel coordinates of the White eye area 
of FIG. 2. The seventy one pixels are indicated by the shaded 
squares of FIG. 6 and are substantially White in color and are 
in the vicinity of and substantially surround the pupil pixels of 
FIG. 2. 
[0062] FIG. 7 shoWs pixel coordinates of the eyebroW area 
of FIG. 2. The pixels are indicated by the shaded squares of 
FIG. 7 and are substantially White in color. The eyebroW 
pixels substantially form a continuous line in the vicinity of 
the pupil pixels. The color of the line Will vary as the natural 
color of the eyebroW of each individual subject varies. Fur 
thermore, some subjects may have no visible eyebroW at all. 
[0063] It should be appreciated that the representations of 
FIG. 2 through FIG. 7 are particular to the example shoWn. 
The coordinates of pixels and actual number of pixels com 
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prising the image of an eye Will vary depending upon a 
number of variables. These variables include the location of 
the subject Within the photograph, the distance betWeen the 
subject and the camera, and the pixel density of the camera. 
[0064] The red-eye ?lter 90 of FIG. 1 searches the digitally 
stored image for pixels having a substantially red color, then 
determines if the grouping has a round or oval characteristics, 
similar to the pixels of FIG. 3. If found, the color of the 
grouping is modi?ed. In the preferred embodiment, the color 
is modi?ed to black. 

[0065] Searching for a circular or oval grouping helps 
eliminate falsely modifying red pixels Which are not due to 
the red-eye phenomenon. In the example of FIG. 2, the red 
eye phenomenon is found in a 5.times.5 grouping of pixels of 
FIG. 3. In other examples, the grouping may contain substan 
tially more or less pixels depending upon the actual number of 
pixels comprising the image of an eye, but the color and shape 
of the grouping Will be similar. Thus for example, a long line 
of red pixels Will not be falsely modi?ed because the shape is 
not substantially round or oval. 
[0066] Additional tests may be used to avoid falsely modi 
fying a round group of pixels having a color indicative of the 
red-eye phenomenon by further analysis of the pixels in the 
vicinity of the grouping. For example, in a red-eye phenom 
enon photograph, there Will typically be no other pixels 
Within the vicinity of a radius originating at the grouping 
having a similar red color because the pupil is surrounded by 
components of the subject’s face, and the red-eye color is not 
normally found as a natural color on the face of the subject. 
Preferably the radius is large enough to analyZe enough pixels 
to avoid falsing, yet small enough to exclude the other eye of 
the subject, Which may also have the red-eye phenomenon. 
Preferably, the radius includes a range betWeen tWo and ?ve 
times the radius of the grouping. Other indicia of the record 
ing may be used to validate the existence of red-eye including 
identi?cation of iris pixels of FIG. 4 Which surround the pupil 
pixels. The iris pixels Will have a substantially common color, 
but the siZe and color of the iris Will vary from subject to 
subject. Furthermore, the White area of the eye may be iden 
ti?ed as a grouping of substantially White pixels in the vicinity 
of and substantially surrounding the pupil pixels as shoWn in 
FIG. 6. HoWever, the location of the pupil Within the opening 
of the eyelids is variable depending upon the orientation of 
the head of the subject at the time of the photograph. Conse 
quently, identi?cation of a number of substantially White 
pixels in the vicinity of the iris Without a requirement of 
surrounding the grouping Will further validate the identi?ca 
tion of the red-eye phenomenon and prevent false modi?ca 
tion of other red pixel groupings. The number of substantially 
White pixels is preferably betWeen tWo and tWenty times the 
number of pixels in the pupil grouping. As a further valida 
tion, the eyebroW pixels of FIG. 7 can be identi?ed. 
[0067] Further, additional criterion can be used to avoid 
falsely modifying a grouping of red pixels. The criterion 
include determining if the photographic conditions Were 
indicative of the red-eye phenomenon. These include condi 
tions knoWn in the art including use of a ?ash, ambient light 
levels and distance of the subject. If the conditions indicate 
the red-eye phenomenon is not present, then red-eye ?lter 90 
is not engaged. 
[0068] FIG. 5 shoWs combination pupil/iris pixels Which 
have color components of the red-eye phenomenon combined 
With color components of the iris or even the White area of the 
eye. The invention modi?es these pixels by separating the 
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color components associated with red-eye, modifying color 
of the separated color components and then adding back 
modi?ed color to the pixel. Preferably the modi?ed color is 
black. The result of modifying the red component with a black 
component makes for a more natural looking result. For 
example, if the iris is substantially green, a pupil/iris pixel 
will have components of red and green. The red-eye ?lter 
removes the red component and substitutes a black compo 
nent, effectively resulting in a dark green pixel. 
[0069] FIG. 8 shows a ?ow chart of a method operating in 
accordance with the present invention. The red-eye ?lter pro 
cess is in addition to other processes known to those skilled in 
the art which operate within the camera. These other pro 
cesses include ?ash control, focus, and image recording, stor 
age and display. The red-eye ?lter process preferably operates 
within software within a .mu.C or DSP and processes an 
image stored in image store 80. The red-eye ?lter process is 
entered at step 200. At step 210 conditions are checked for the 
possibility of the red-eye phenomenon. These conditions are 
included in signals from exposure control means 30 which are 
communicated directly to the red-eye ?lter. Alternatively the 
exposure control means may store the signals along with the 
digital image in image store 80. If conditions do not indicate 
the possibility of red-eye at step 210, then the process exits at 
step 215. Step 210 is further detailed in FIG. 9, and is an 
optional step which may be bypassed in an alternate embodi 
ment. Then is step 220 the digital image is searched of pixels 
having a color indicative of red-eye. The grouping of the 
red-eye pixels are then analyZed at step 230. Red-eye is deter 
mined if the shape of a grouping is indicative of the red-eye 
phenomenon. This step also accounts for multiple red-eye 
groupings in response to a subject having two red-eyes, or 
multiple subjects having red-eyes. If no groupings indicative 
of red-eye are found, then the process exits at step 215. 
Otherwise, false red-eye groupings are checked at optional 
step 240. Step 240 is further detailed in FIG. 10 and prevents 
the red-eye ?lter from falsely modifying red pixel groupings 
which do not have further indicia of the eye of a subject. After 
eliminating false groupings, if no grouping remain, the pro 
cess exits at step 215. Otherwise step 250 modi?es the color 
of the groupings which pass step 240, preferably substituting 
the color red for the color black within the grouping. Then in 
optional step 260, the pixels surrounding a red-eye grouping 
are analyZed for a red component. These are equivalent to the 
pixels of FIG. 5. The red component is substituted for black 
by the red-eye ?lter. The process then exits at step 215. 
[0070] It should be appreciated that the pixel color modi? 
cation can be stored directly in the image store by replacing 
red-eye pixels with pixels modi?ed by the red-eye ?lter. 
Altemately the modi?ed pixels can be stored as an overlay in 
the image store, thereby preserving the recorded image and 
only modifying the image when displayed in image display 
100. Preferably the ?ltered image is communicated through 
image output means 110. Altemately the un?ltered image 
with the overlay may be communicated through image output 
means 110 to a external device such as a personal computer 
capable of processing such information. 
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[0071] FIG. 9 shows a ?ow chart for testing if conditions 
indicate the possibility of a red-eye phenomenon correspond 
ing to step 210 of FIG. 8. Entered at step 300, step 310 checks 
if a ?ash was used in the photograph. If not, step 315 indicates 
that red-eye is not possible. Otherwise optional step 320 
checks if a low level of ambient light was present at the time 
of the photograph. If not, step 315 indicates that red-eye is not 
possible. Otherwise optional step 330 checks if the subject is 
relatively close to the camera at the time of the photograph. If 
not, step 215 indicates that red-eye is not possible. Otherwise 
step 340 indicates that red-eye is possible. 
[0072] FIG. 10 shows a ?ow chart for testing if conditions 
indicate a false red-eye grouping corresponding to step 240 of 
FIG. 8. Entered at step 400, step 410 checks if other red-eye 
pixels are found within a radius of a grouping. Preferably the 
radius is between two and ?ve times the radius of the group 
ing. If found step 415 indicates a false red-eye grouping. 
Otherwise step 420 checks if a substantially white area of 
pixels is found in the vicinity of the grouping. This area is 
indicative of the white area of a subj ect’s eye and has prefer 
ably between two and twenty times the number of pixels in 
the grouping. If not found step 415 indicates a false red-eye 
grouping. Otherwise step 430 searches the vicinity of the 
grouping for an iris ring or an eyebrow line. If not found, step 
415 indicates a false red-eye grouping. Otherwise step 440 
indicates the red-eye grouping is not false. It should be appre 
ciated that each of the tests 410, 420 and 430 check for a false 
red-eye grouping. In alternate embodiments, other tests may 
be used to prevent false modi?cation of the image, or the tests 
of FIG. 10 may be used either alone or in combination. 
[0073] It should be further appreciated that either the red 
eye condition test 210 or the red-eye falsing test 240 of FIG. 
8 may be used to achieve satisfactory results. In an alternate 
embodiment test 240 may be acceptable enough to eliminate 
test 210, or visa versa. Alternately the selectivity of either the 
color and/or grouping analysis of the red-eye phenomenon 
may be su?icient to eliminate both tests 210 and 240 of FIG. 
8. Furthermore, the color red as used herein means the range 
of colors and hues and brightnesses indicative of the red-eye 
phenomenon, and the color white as used herein means the 
range of colors and hues and brightnesses indicative of the 
white area of the human eye. 
[0074] Thus, what has been provided is an improved 
method and apparatus for eliminating red-eye phenomenon 
within a miniature digital camera having a ?ash without the 
distraction of a pre-?ash. 
What is claimed is: 
1. A portable digital camera having no photographic ?lm, 

comprising: 
(a) an integral ?ash for providing illumination during 

image acquisition; 
(b) a digital image capturing apparatus for acquiring an 

image; and 
(c) a red-eye ?lter for modifying an area within the image 

indicative of a red-eye phenomenon based on an analysis 
of a subsample representation of selected regions of the 
image. 


