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ing the collecting location with a pixel, and calculating a color 
value for the pixel based on the multiple color data readings. 
The hardware or software may also direct light successively 
to the sensing elements of the series of sensing elements 
within one exposure via re?ective optics, and may determine 
that a sensing element of the series of sensing elements is 
defective. The hardware or software may redirect light to 
align a non-defective sensing element of the series of sensing 
elements with the collecting location. The non-defective 
sensing element and the defective sensing element may be 
associated with the same color. 
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PERFORMANCE DIGITAL IMAGE SENSING 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] Pursuant to 35 USC § 120, this continuation appli 
cation claims priority to and bene?t of US. patent application 
Ser. No. 10/755,888, entitled “PERFORMANCE DIGITAL 
IMAGE SENSING”, attorney docket number 
AUS920030988US1(4031), ?led on Jan. 13, 2004, the dis 
closure of Which is incorporated herein in its entirety for all 
purposes. 

BACKGROUND 

[0002] The present invention is in the ?eld of color sensing. 
More particularly, the present invention relates to methods 
and arrangements to capture a digital image. 
[0003] A digital image sensor is an integral part of several 
electronic systems including computers, cell phones, digital 
photography systems, robotics vision systems, security cam 
eras, medical instruments, color matching applications and 
other color photosensitive devices. One digital image sensor, 
such as a TCS230 Programmable Color Light-to-Frequency 
Converter manufactured by TAOS, Inc., typically includes 
sensing elements, Which may be sensitive to a broad range of 
frequencies of light. Some systems include lenses that are 
added and positioned on top of each sensing element to col 
lect light and to make the sensing elements more sensitive. 
[0004] Adding color ?lters to light sensors on an image 
sensor to speci?cally be color sensing elements may capture 
the brightness of the light that passes through and provide 
color sensing for red, green, and blue, for example. Thus, With 
color ?lters in place, color sensing elements typically record 
only the brightness of the light that matches its ?lter and 
passes through it While other colors are blocked. For example, 
a pixel With a red ?lter senses the brightness of only the red 
light that strikes it. 
[0005] The color sensing elements appear in a photodiode 
grid consisting of groups of individual color sensing ele 
ments, each checkered throughout the grid on the same opti 
cal plane. For example, a group may include individual color 
sensing elements, for example, a red sensing element, a green 
sensing element, a blue sensing element, and sometimes a 
clear sensing element With no ?lter for intensity information. 
All of the photodiodes of the same color are typically con 
nected in parallel. With the TCS230, the color selected foruse 
during operation is dynamically selectable via tWo program 
ming pins. If the output is digital, the output for individual 
color sensing elements is typically a square Wave Whose 
frequency is directly proportional to the intensity of the 
selected color. 
[0006] As common as digital image sensors are to elec 
tronic systems, problems of defect sensitivity, spatial error, 
inference error and interpolation calculations make these 
bene?ts dif?cult to realiZe. Defect sensitivity is introduced in 
the fabrication of the sensing array in the conventional 
approach. Spatial error occurs because readings are taken at 
different points than the actual point interpolated; inference 
error takes place because each reading is not a direct obser 
vation. And, interpolation calculations involve a great deal of 
tWo-dimensional computation to be performed on each image 
in real time after each exposure through mathematical algo 
rithms used to determine an appropriate color to assign to 
pixels in an image. In particular, algorithms typically inter 
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polate visual colors at various points on a grid using a check 
ering of red, green, and blue sensing elements. Such interpo 
lation computation requires sophisticated processing 
capability to be built into the imaging device. These interpo 
lations translate into increased hardWare cost, increased 
energy consumption, and sloWer cycle time for the image 
capturing device. 
[0007] Unfortunately, this interpolation typically also 
introduces artifacts into the image resulting from the math 
ematical interpolation. An artifact is a distortion of the image 
that degrades image quality, for example, stair steps on a 
diagonal line. 
[0008] One solution to defect sensitivity is to use ?rmWare 
to ignore the information coming from a single sensing ele 
ment of an array of sensing elements that has been found to be 
defective after its manufacture, and replace that information 
With additional interpolation from nearby elements. This 
solution, hoWever, degrades image quality. 
[0009] One solution to spatial error, inference error and 
interpolation has been making digital image sensors With a 
technology called X3, Where the sensing elements are stacked 
vertically to read light at the same time. The colors, hoWever, 
tend to appear undersaturated and cannot alWays be tuned to 
brilliance With softWare. In addition, vertically stacked sens 
ing elements produce excessive noise, especially in shadoWs 
and red hues. The noise problem becomes even more severe at 
higher International Standards Organization (ISO) settings 
for photographic sensitivity; for example, ISO 400 is a Well 
knoWn photographic sensitivity in the art of photography and 
typically indicates a digital emulation of a resulting tradi 
tional exposure based on a given shutter speed and aperture 
siZe. ISO 400 shots taken With X3 technology involved shoW 
multicolored noise that Would ruin many prints. As the X3 
sensor does not use a conventional checkerboard array of 
elements sensitive to a single color, use of the X3 sensor 
requires redesigning the camera system to accommodate the 
X3 sensor; such redesign increases system design costs and 
lengthens product development cycles. Furthermore, the X3 
sensor outputs raW sensor data, requiring additional process 
ing outside the camera, Which is time-consuming and incon 
venient. 
[0010] Therefore, there is a need for methods and arrange 
ments capable of capturing quality images With less spatial 
error, inference error and interpolation. 

SUMMARY OF THE INVENTION 

[0011] One embodiment provides a device to capture a 
digital image. The device contemplates a series of sensing 
elements in one collecting location to collect multiple color 
data readings to determine a color value for a pixel in an 
image and re?ective optics to redirect light to the series of 
sensing elements successively Within one exposure. 
[0012] An additional embodiment provides a machine-ac 
cessible medium to capture a digital image. The medium 
includes instructions, Which When executed by a machine, 
cause said machine to perform operations, that generally 
include taking multiple color data readings With a series of 
sensing elements in one collecting location during a single 
exposure. The operations may include directing light succes 
sively to the sensing elements of the series of sensing ele 
ments Within one exposure via re?ective optics. The opera 
tions may include determining a sensing element of the series 
of sensing elements is defective. The operations may include 
redirecting light to align a non-defective sensing element of 
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the series of sensing elements With the collecting location. 
The non-defective sensing element and the defective sensing 
element may be associated With the same color. The opera 
tions may include associating the collecting location With a 
pixel position in an image to be portrayed, and determining a 
color value for the pixel position in the image based on the 
multiple color data readings. 
[0013] A further embodiment provides a system to capture 
a digital image. The system contemplates a plurality of sens 
ing elements, including light sensors covered With colored 
?lters to receive light and to generate ?ltered readings of data 
of the light. The system also includes a motor coupled to the 
plurality of light sensors, Wherein the motor is con?gured to 
move the plurality of light sensors, and moving logic coupled 
With the motor to move the plurality of light sensors in suc 
cession into the single collecting location to take the ?ltered 
readings. Further, the system includes a memory to associate 
the ?ltered readings from a collecting location With a pixel 
position in an image and to store the association into a loca 
tion in memory and a calculator to calculate a color value 
based upon the ?ltered readings from the plurality of light 
sensors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] An explanation of the invention Will become appar 
ent upon reading the folloWing detailed description and upon 
reference to the accompanying draWings in Which like refer 
ences may indicate similar elements: 
[0015] FIG. 1 depicts an embodiment of a system including 
a lens, software, and an image sensor having sensing elements 
to capture a representation of a visual image; 
[0016] FIG. 2 depicts sensing elements capturing data from 
light falling on an image sensor; 
[0017] FIG. 3A depicts patterns of movement of an image 
sensor during data captures of an image; 
[0018] FIG. 3B depicts examples of conversions of sensing 
element readings to pixel information in an output image; 
[0019] FIG. 4 depicts a block diagram of an embodiment of 
internal softWare and hardWare of an imaging system includ 
ing an image sensor, sensing elements, motor, processor, 
memory, and I/ O to capture a representation of a visual 
image; 
[0020] FIG. 5 depicts a block diagram of an embodiment of 
a CMOS chip implementation of an image sensor; and 
[0021] FIG. 6 depicts an example of a How chart illustrating 
a method to capture a representation of a visual image. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Introduction 

[0022] The folloWing is a detailed description of embodi 
ments of the invention depicted in the accompanying draW 
ings. The embodiments are in such detail as to clearly com 
municate the invention. HoWever, the amount of detail 
offered is not intended to limit the anticipated variations of 
embodiments; but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. The detailed descriptions beloW are 
designed to make such embodiments obvious to a person of 
ordinary skill in the art. 
[0023] Generally speaking, methods and arrangements are 
contemplated to capture a digital image. In many embodi 
ments, hardWare and/or softWare may implement logic to 
move a sensing array of photosensitive elements during one 
exposure to alloW multiple sensing elements to receive the 
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same light falling at each pixel position in an image. During 
one exposure, the sensing array may be read several times. 
During a ?rst read, information from a ?rst color sensing 
element, for example red, is captured. The sensor is then 
moved so that a second color sensing element, for example 
blue, is positioned in the collecting location that the ?rst color 
sensing element occupied during the ?rst read. Once the 
movement is complete, information from the second color 
sensing element is captured. Then, the captured information 
is used to determine a color value for a pixel. Determining a 
color value may include combining the captured information 
as component values of the pixel color value. 
[0024] Additionally, many embodiments provide methods 
to recover from defective sensing elements. In one embodi 
ment, the motion of the sensor can be adjusted to redirect the 
light intended for a defective sensing element to another 
nearby non-defective sensing element. Thus, no loss of image 
quality accompanies that defective sensing element. 
[0025] Because the information at each location in the focal 
plane is being sensed directly by three sensing elements, 
tWo-dimensional interpolation may be eliminated to calculate 
the appropriate color to be assigned to that location. Elimi 
nating real-time complex interpolation may reduce imaging 
hardWare system cost, improve system poWer e?iciency, and 
improve system cycle time. 

DETAILED DESCRIPTION 

[0026] Turning noW to the draWings, FIG. 1 depicts an 
embodiment of a system (100) to capture a representation of 
a visual image. The system (100) captures color for the visual 
image during one exposure by taking three distinct readings 
With a physical difference in placement betWeen an image 
sensor (108) and a lens (102), typically betWeen readings. In 
one embodiment, the system (100) is a digital camera includ 
ing a lens (102) to focus. 
[0027] More particularly, the image sensor (108) of the 
system (100) provides capability to capture colors of an 
image. The image sensor (108) may be mounted, for example, 
With a complimentary metal oxide semiconductor (CMOS) 
chip included on a laminate substrate. The image sensor (108) 
includes sensing elements to take readings and record color 
images, Wherein the elements are typically in ?xed locations 
on the image sensor (108). 
[0028] While capturing one image, the image sensor (108) 
is able to move multiple times and gather multiple readings by 
its sensing elements. To move the image sensor (108) quickly, 
especially Within a single image exposure, a motor (110) may 
be mounted on the image sensor (108). The motor (110) is 
typically capable of moving the image sensor (108) both 
laterally and vertically. In one embodiment, this motor (110) 
is a pieZoelectric motor, such as a PieZoelectric Microposi 
tioning Motor Model PDAl30, manufactured by EDO Cor 
poration. PieZoelectric motors are based on quartz crystals 
generating an electric ?eld When stressed along a primary 
axis. The pieZoelectric quartZ crystals exhibit a relationship 
betWeen mechanical strain and voltage across their surfaces. 
Speci?cally, When compressed or pulled, a pieZoelectric crys 
tal may build up alternate charges on opposite faces, thus 
acting like a capacitor With an applied voltage. PieZoelectric 
ity current can then be generated betWeen the faces. On the 
other hand, When subjected to an external voltage, the crystal 
Will expand or contract accordingly. This process is function 
ally analogous to magnetiZation of material shapes contain 
ing iron. Once poled, the material exhibits useful pieZoelec 
tric properties. PieZoelectric motors use this poled ceramic 
shape to create motion With the use of periodic electric ?elds, 
Which in some embodiments are sinusoidal. 
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[0029] The system (100) also includes equipment to sup 
port the functionality of the image sensor (108). In one 
embodiment, the system (100) includes one or more ?lters 
(106), for example, an infrared absorption ?lter to remove 
infrared light that is not contributing to the physical image 
and possibly degrading quality of readings taken by the image 
sensor (108). In one embodiment, the system (100) also 
includes a shutter mechanism (104). When the shutter (104) is 
open, the system (100) may receive light to the image sensor 
(108). In other embodiments, the shutter (104) may not be a 
physical means, but softWare Where the photosensitive ele 
ments on the image sensor (108) may receive light only at 
intervals that are controlled by softWare. The camera (100) 
may also include ?rmWare (114) on a circuit board (112) that 
includes softWare (116), for example, to control the shutter 
opening and closing and to manipulate the sensor to capture 
images. 
[0030] Sensing elements are depicted capturing color data 
readings from light (202) falling on an image sensor in an 
image position (204) in FIG. 2, in Which the same light rays 
(202) hit multiple different sensing elements at sequential 
time periods, for example TimeO, Time 1, and Time2, Within a 
single exposure. Captured color data readings may include 
brightness, hue, saturation, intensity, or other data describing 
light. Rays of light (202) are falling in one collecting location 
of an image sensor position (204) at the beginning of a capture 
time. Then, the image sensor is moved by, for example, the 
Width of one sensing element until another sensing element is 
receiving the light (202) to capture further data in a neW image 
sensorposition (206). Next, the image sensorposition (204) is 
moved another length, for example, a Width of a photosensi 
tive element until an additional sensing element is receiving 
the light (202) to take another data reading in another image 
sensor position (206). In further embodiments, FIG. 2 
includes additional sensor positions for data captures to other 
sensing elements included on the image sensor. Patterns of 
movement of the image sensor are further discussed in FIG. 3. 

[0031] As an alternative to the movement of the image 
sensor in FIG. 2, re?ective optics may be used. Instead of 
moving a series of optical sensing elements, adapted to col 
lect multiple color data readings to calculate a color value for 
a pixel in an image, some re?ective optics redirect light to the 
series of optical sensing elements successively Within one 
exposure. In one embodiment, the series of optical sensing 
elements comprises a ?rst element sensitive to red light, a 
second element sensitive to blue light, and a third element 
sensitive to green light. Speci?cally, the re?ective optics may 
include a digital light processor including a digital micromir 
ror device and control circuitry. In further embodiments, the 
re?ective optics may include one or more mirrors to scan light 
to the series of sensing elements in conjunction With, for 
example, a digital light processor. 
[0032] Turning to FIG. 3, some patterns (302, 304) of 
movement of an image sensor (300) during data captures of 
an image, for example three captures, are illustrated. In one 
embodiment, each sensing element of the image sensor (300) 
captures different information; for example, red, blue, or 
green. The sensing elements may each include a light sensor 
to detect luminance and a color ?lter. Thus, sensing elements 
featuring a red sensing element, blue sensing element, or 
green sensing element may incorporate a light sensor and a 
red ?lter, blue ?lter, or green ?lter to capture and indicate an 
amount of red light, blue light, or green light, respectively. In 
further embodiments, sensing elements may be sensitive to 
cyan, orange, yelloW, magenta, or other colors. 
[0033] In one embodiment, to detect and record three dif 
ferent data captures of the same light by a red sensing ele 
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ment, blue sensing element, and green sensing element, the 
image sensor (300) moves in a pattern (302, 304) betWeen 
data captures by sensing elements. For example, FIG. 3 illus 
trates an L-shaped pattern (302). In the pattern (3 02), a blue 
sensing element captures data ?rst; then, a red sensing ele 
ment captures data; and lastly, a green sensing element cap 
tures data. Another pattern (3 04), shaped like a backWards P 
is also shoWn to be used in other embodiments. In the pattern 
(304), data is captured sequentially by a green sensing ele 
ment, blue sensing element, and then a red sensing element. 
[0034] As the image sensor is moved betWeen data cap 
tures, sensing elements move betWeen various collecting 
locations during an exposure. The sensing elements at the 
edge of the image sensor also move in and out of collecting 
locations and do not necessarily capture the same number of 
data readings. Thus, the patterns (304, 306) of the image 
sensor do not necessarily provide the same number of mul 
tiple captures for every edge sensing element as for interior 
sensing elements of the image sensor. One embodiment 
accounts for this difference With extra roWs and columns to 
form an outline of sensing elements around the image sensor. 
Within the outline, sensing elements do not necessarily 
equally contribute to multiple data readings to supply pixels 
in an image and may be ignored from determining the pixels. 
An additional embodiment to account for the possible differ 
ence of numbers of edge and interior sensing elements’ cap 
tures includes additional captures, for example, in the case of 
aiming for three data readings per sensing element, instead of 
three captures, six captures may occur: three in a pattern, then 
an additional one on the edge moved aWay from last, and an 
additional tWo on the edge moved aWay from ?rst. Another 
embodiment to account for the possible difference of num 
bers of edge and interior sensing elements’ captures includes 
interpolating the color values of the edge sensing elements 
from the interior sensing elements. In yet another embodi 
ment, edge sensing elements With one value may produce 
pixels that are mere duplicates of pixels produced by the 
nearest interior sensing element. 

[0035] In several embodiments, the image sensor (300) 
provides a solution for situations in Which a sensing element 
is defective. First, a sensing element is found to be defective 
by one of several Ways. In one embodiment, the image sensor 
(300) may perform a self-test to individually address each 
sensing element to simulate a burst of light. A sensing element 
may be labeled defective if it fails to respond. In another 
embodiment, a system (100) such as in FIG. 1 might take a 
test exposure simulating no light entering the lens. Any 
specks of color that diminish a pure black image Would indi 
cate those associated sensing elements are defective. Next, a 
pure White image is simulated and any sensing elements 
detracting from the image are defective. In a further embodi 
ment, the image sensor (300) runs a test run and queries the 
user to respond that all of the sensing elements are function 
ing, by shoWing, for example, a red lattice, a blue lattice, and 
then a green lattice. 

[0036] With the knowledge that a sensing element is defec 
tive, the image sensor (300) may alter its movement of data 
collection. For example, if the green sensing element of the 
pattern (302) is defective, the pattern (302) may be altered so 
that the image sensor (300) moves in the linear pattern from 
the blue sensing element to the red sensing element of the 
pattern (302) and continuing in the same direction to include 
the next sequential green sensing element instead. In this Way, 
the image captured does not lack any information that it 
Would have included if the original green sensing element had 
been fully functional.As another example, if the image sensor 
(300) is folloWing the pattern (304), and the red sensing 
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element becomes defective, the pattern (304) could be 
diverted to the red sensing element on the right after the blue 
sensing element. In another embodiment, software such as 
softWare (116) in FIG. 1, may add additional data captures to 
accommodate completing the gathering of multiple data read 
ings per sensing element, for example four captures. 
[0037] FIG. 3B depicts examples of conversions of sensing 
element readings to pixel information in an output image. 
FIG. 3B includes sensing elements (350, 352, 354, 360, 362, 
364, 370, 372, 374, 380, 382, 384) to capture multiple data 
readings in accordance With the present invention. In one 
embodiment, the sensing elements (350, 352, 354, 360, 362, 
364, 370, 372, 374, 380, 382, 384) capture three color read 
ings, an amount each of red, blue, and green. The red, green, 
and blue values for each pixel are determined at the time of 
capture; thus, in displaying an image, each element (350, 352, 
354, 360, 362, 364, 370, 372, 374, 380, 382, 384) may be 
directly associated With one or more pixel positions Without 
further interpolation calculation. 
[0038] In another embodiment, in displaying an image, 
groups ofthree sensing elements (350, 352, 354), (360, 362, 
364), (370,372,374), (380,382, 384)may be associated, and 
their data readings combined to provide several readings to 
interpolate a color value for resulting pixels (355), (365), 
(375), (385), for example. In this example, three elements are 
associated With one pixel position; hoWever, any number of 
elements may be associated With any number of pixel posi 
tions. 

[0039] FIG. 4 depicts a block diagram of an embodiment of 
internal software and hardWare of a camera (100) to capture a 
representation of a visual image. In this embodiment, light 
(402) enters through the lens (102) and falls on the image 
sensor (108) Which includes an array of sensing elements 
(404). In some embodiments, these sensing elements (404) 
include different types of sensing elements that are checkered 
Within a tWo-dimensional array. A motor (110) is also 
included to move the image sensor (108) betWeen captures. 

[0040] Camera (100) also includes a processor (408), 
memory (412), input/output (I/O) (416), ?ash card (418), and 
a system bus (406) to connect the camera’s components. The 
processor (408) includes color calculating logic (410) Within 
it to process data captures and to convert data captures from 
the sensor into pixel information. In one embodiment, the 
memory (412) includes instructions (414) to move the image 
sensor (108) With the motor (110) betWeen multiple color 
readings. These instructions provide functionality for the 
motor (110) to move the image sensor (108) so sensing ele 
ments (404) line up in the same collecting location for data 
readings Within a single exposure. Additionally, these instruc 
tions provide functionality for the image sensor (108) itself to 
capture multiple data readings per exposure. The U0 (416) 
manages receiving instructions from a user, importing an 
image from a ?ash card (418), capturing data from the image 
sensor (108) to transfer to the processor (408), and outputting 
a picture output (420) on an output pin or pins, and storing an 
image on the ?ash card (418). 
[0041] In one embodiment, the internals of the camera 
(100) may be implemented With CMOS logic, for example, to 
provide the ability for the camera to function, turn on, expose 
the shutter, convert data captures from the sensor into pixel 
information, or Write a resulting image ?le out to a compact 
?ash card. In another embodiment, the image sensor may be 
implemented on a separate charged coupled device (CCD) 
integrated circuit chip. In a further embodiment, the internals 
of the camera (100) and the image sensor (108) are imple 
mented on separate CMOS chips Within the same camera 
(100) or other imaging system. 
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[0042] Turning to FIG. 5, a block diagram depicts an 
embodiment of an image sensor (500) implemented as a 
CMOS chip. The CMOS sensor chip (500) includes memory 
(506) Which is typically a rectangular array of temporary 
storage RAM. A photosensitive array (502) of sensing ele 
ments is also included as Well as some control circuitry (504) 
Which may be ampli?ers or register addressing circuitry or 
both around the outside of the photosensitive array (502) to 
provide an ability for information to be read out of the array 
(502). The CMOS sensor chip (500) also includes a portion 
Whose function is I/O (510) to provide access to chip infor 
mation. Additionally, the CMOS sensor chip (500) may 
include, hardWired into its circuit, certain logic functions 
(508) to repeatedly perform. For example, the logic (508) 
may contain logic to move the motor (110) or send data 
captured by the photosensitive array (502) to I/ O (510). In one 
embodiment, an algorithm to combine data captured by the 
photosensitive array (502) into a pixel array may be hard 
Wired into the circuitry of this CMOS sensor chip (500). In 
another embodiment, the algorithm is soft-Wired in ?ash 
ROM (not shoWn) on the CMOS sensor chip (500). In a 
further embodiment, the algorithm is not stored on this 
CMOS sensor chip, but stored externally in a magnetic 
medium, ?ash memory, ROM, or the like, elseWhere in the 
camera (100). In this embodiment, the algorithm may be 
loaded into the CMOS sensor chip (500) When it is poWered 
up. 
[0043] Turning to FIG. 6, an example of a ?oW chart illus 
trates a method to capture a representation of a visual image. 
Method (600) begins With element 602, during Which an 
imaging system, such as a camera, determines Whether any of 
its sensing elements are defective. If any sensing elements are 
defective, then the imaging system adjusts its softWare to 
redirect its image sensor motion to include a replacement 
non-defective element (element 604). 
[0044] After either no sensing elements are found defective 
or softWare is completed being adjusted to accommodate for 
defective sensing elements, color readings are taken at a 
collecting location With a sensing element of an array (ele 
ment 606). In one embodiment, the collecting location refers 
to a static physical position to receive a designated light 
falling in that location. In some embodiments, the array is 
moved betWeen readings by the Width of one sensing element 
to alloW a neW sensing element to analyZe the same light and 
thus receive the light in the collecting location (element 608). 
The collecting location may be de?ned relative to the ray of 
light and refer to the location Where optics focus rays of light 
on the image sensor. In one embodiment, While the image 
sensor is static, the re?ective optics is able to redirect light to 
sensing elements successively Within one exposure. For 
example, a digital light processor including a digital micro 
mirror device and control circuitry may redirect light to the 
sensing elements successively Within one exposure. For as 
many elements and readings from the collecting position are 
chosen, element 610 folloWs back to element 606. 
[0045] After the data readings of color and luminance are 
taken, the captured information is used to create image infor 
mation. Mathematical algorithms may be performed to con 
vert the data readings to pixel information (element 612). 
Then, an image is outputted (element 614). For example, the 
pixel information may be stored to memory or sent out on a 
bus to another memory location or coupled device. 

[0046] One embodiment of the invention is implemented as 
a program product for use With an image system such as, for 
example, as shoWn in FIG. 1. The program(s) of the program 
product de?nes functions of the embodiments (including the 
methods described herein) and can be contained on a variety 



US 2009/0102953 A1 

of signal-bearing media. Illustrative signal-bearing media 
include, but are not limited to: (i) information permanently 
stored on non-Writable storage media (e.g., read-only 
memory devices Within a computer such as CD-ROM disks 
readable by a CD-ROM drive); (ii) alterable information 
stored on Writable storage media (e.g., ?oppy disks Within a 
diskette drive or hard-disk drive); and (iii) information con 
veyed to a computer by a communications medium, such as 
through a computer or telephone netWork, including Wireless 
communications. The latter embodiment speci?cally 
includes information doWnloaded from the Internet and other 
netWorks. Such signal-bearing media, When carrying com 
puter-readable instructions that direct the functions of the 
present invention, indicate embodiments of the present inven 
tion. 
[0047] In general, the routines executed to implement the 
embodiments of the invention, may be part of an operating 
system or a speci?c application, component, program, mod 
ule, object, or sequence of instructions. The computer pro 
gram of the present invention typically is comprised of a 
multitude of instructions that Will be translated by the native 
computer into a machine-readable format and hence execut 
able instructions. Also, programs are comprised of variables 
and data structures that either reside locally to the program or 
are found in memory or on storage devices. In addition, 
various programs described hereinafter may be identi?ed 
based upon the application for Which they are implemented in 
a speci?c embodiment of the invention. HoWever, it should be 
appreciated that any particular program nomenclature that 
folloWs is used merely for convenience, and thus the inven 
tion should not be limited to use solely in any speci?c appli 
cation identi?ed and/or implied by such nomenclature. 
[0048] It Will be apparent to those skilled in the art having 
the bene?t of this disclosure that the present invention con 
templates methods and arrangements for improved perfor 
mance digital image sensing. It is understood that the form of 
the invention shoWn and described in the detailed description 
and the draWings are to be taken merely as examples. It is 
intended that the folloWing claims be interpreted broadly to 
embrace all the variations of the example embodiments dis 
closed. 

1-7. (canceled) 
8. A machine-readable medium containing instructions, 

Which When executed by a machine, cause said machine to 
perform operations, comprising: 

taking multiple color data readings With a series of sensing 
elements in one collecting location during a single expo 
sure, Wherein the taking comprises directing light suc 
cessively to the sensing elements of the series of sensing 
elements Within one exposure, the directing via re?ec 
tive optics; 

determining a sensing element of the series of sensing 
elements is defective, Wherein the sensing element is 
associated With a color; 

redirecting light to align a non-defective sensing element 
of the series of sensing elements With the one collecting 
location, Wherein the non-defective sensing element is 
associated With the color; 
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associating the one collecting location With a pixel position 
in an image to be portrayed; and 

determining a color value for the pixel position in the 
image based on the multiple color data readings. 

9. (canceled) 
10. The machine-readable medium of claim 8, Wherein the 

instructions, Which When executed by a machine, cause said 
machine to perform the taking comprise instructions, Which 
When executed by a machine, cause said machine to perform 
taking multiple color data readings With more than one sens 
ing elements, Wherein the more than one sensing elements 
comprise color ?lters selected from a group of color ?lters 
comprising red, green, blue, cyan, orange, yelloW, magenta, 
or clear. 

11-12. (canceled) 
13. A device, comprising: 
a series of sensing elements in one collecting location, 

adapted to collect multiple color data readings to deter 
mine a color value for a pixel in an image 

re?ective optics to redirect light to the series of sensing 
elements successively Within one Exposure; and 

logic to determine that a light sensor of the plurality of light 
sensors is defective, the light sensor associated With a 
color, Wherein the re?ective optics is to redirect light to 
align a non-defective sensing element of the series of 
sensing elements With the one collecting location, 
Wherein the non-defective sensing element is associated 
With the color. 

14. The device of claim 13, Wherein the series of sensing 
elements comprises a ?rst element sensitive to red light, a 
second element sensitive to blue light, and a third element 
sensitive to green light. 

15. The device of claim 13, Wherein the re?ective optics 
comprise a digital micromirror device and control circuitry to 
redirect the light to the series of sensing elements succes 
sively Within the one exposure. 

16. The device of claim 13, Wherein the re?ective optics 
include a mirror to scan light to the series of sensing elements. 

17-21. (canceled) 
22. The machine-accessible medium of claim 8, Wherein 

the instructions, Which When executed by a machine, cause 
said machine to perform determining a color value comprise 
instructions, Which When executed by a machine, cause said 
machine to perform calculating the color value With at least 
one of the multiple color data readings. 

23. The machine-accessible medium of claim 8, Wherein 
the instructions, Which When executed by a machine, cause 
said machine to perform directing comprise instructions, 
Which When executed by a machine, cause said machine to 
perform directing light to the series of sensing elements suc 
cessively Within one exposure, the directing via a digital 
micromirror and control circuitry. 

* * * * * 


