CORRECTION FACTOR FOR COLOR RESPONSE CALIBRATION

Field

[0001] Embodiments of the invention relate to calibrating the color response of an
imaging system. More particularly, an embodiment of the invention relates to correcting
for differences in light sources used during color response calibration. Other

embodiments are also described.

BACKGROUND
[0002] Digital imaging systems (e.g., cameras) have quickly become a standard
feature for consumer electronic portable devices including portable multimedia players,
smart phones, laptops, and tablet computers. The image quality expected from these
portable cameras has grown, as cameras with higher quality optics and higher resolution
sensors are being incorporated into such small devices. As portable device dimensions
shrink, so do the dimensions of the incorporated camera modules. At such small scales,
mass produced camera modules become more susceptible to image quality degradation
due to slight deviations and/or contaminations in the optical components introduced
during manufacture and imaging system assembly. For example, a camera module’s
reproduction of color varies as a consequence of variations in its constituent image sensor,
lens, and infrared filter. For mass production of high quality camera modules, it is
important that the color response is accurate and consistent across camera modules.
[0003] In order to achieve accurate and consistent color reproduction, the color
response of a camera module may be calibrated during manufacture testing. Calibration
usually involves measuring the color response of a camera module under a fixed set of
conditions (e.g., a fixed illuminant) and recording those values. The color response values
are then compared to those of an “ideal” module, to derive correction factors. The
correction factors are then stored with each specimen of the module, and are automatically
applied to each picture that is taken during end-user or in-the-field use.
[0004] When calibrating the color response, the color response measurements of
the camera device under test (DUT) and those of the ideal module should be taken under
the same lighting conditions. Ideally the color response of the DUT and the color
response of the ideal module are measured while using the same light source. However,
this is unrealistic for mass production environments because often times, not all camera

modules are calibrated at the same location. For example, in high volume manufacture,

1-



the calibration of the specimens of a given cémera module design may have to take place
at different factories or at different production lines within a factory. Reproducing the
exact same lighting conditions each time can be difficult because the power spectrum or
spectral distribution of light emitted by even the same brand and model of light source
may vary. Some of this variation may be controlled by adjusting all of the light sources to

the same color temperature.

SUMMARY
[0005] It has been discovered that almost any two light sources of the same brand
and model that have been adjusted to the same color temperature setting can still evoke
different color responses, from the same camera module. As a practical matter, for most
light sources, the spectrum of their light is not sufficiently adjustable. Thus, a mechanism
is needed to account for the residual errors that remain in the color responses of camera
devices that are being calibrated (despite having matched color temperatures between the
light sources.)
[0006] The color response of camera devices can be calibrated using a correction
factor (also referred to as a residual error correction factor) that may be computed for a
given camera DUT during manufacture testing, and that may account for differences in the
spectra of light emitted by light sources (that may be of the same brand and model and
have the same color temperature setting) used for testing other camera devices having the
same specification. The correction factor may then be applied to adjust a measured color
response of the DUT (while the DUT is imaging an actual light source), and then stored in
non-volatile memory within the camera DUT as a corrected color response. The latter
may then be read by camera firmware each time an image is captured by the DUT during
in-the-field use, and applied to the image to perform color correction (prior to saving the
image as a user-accessible image file.) This enables digital camera devices (of the same
specification) that are taking pictures of a given scene to exhibit essentially the same color
response, despite having been calibrated using light sources that may have had different
color spectra.
[0007] As explained below, in one embodiment of the invention, the correction
factor is designed so that the corrected color response is the color response had the camera
DUT been illuminated by a “canonical” light source which may be viewed as having a
fixed spectrum (in contrast to different instances of an actual light source). In other

words, the color response of the specimens or DUTs (having the same specification) can
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be deemed to have been calibrated using the canonical light source, since any differences
in color response that may be due to differences in the actual light sources used can be
substantially reduced or even essentially eliminated. An advantage here is that accurate
and consistent calibration of color response may be achieved by applying the correction
factor, despite the calibration processes having been performed with different light
sources.

[0008] A correction factor may be calculated by computing a ratio of a camera
DUTS color response to a canonical light source, and its color response to an actual light
source. The color response to a canonical light source may be calculated based on the
expected spectral sensitivity of the camera DUT and the power spectrum of the canonical
light source. Likewise, the color response to the actual light source may be calculated
based on the expected spectral sensitivity of the camera DUT and the power spectrum of
the actual light source.

[0009] The above summary does not include an exhaustive list of all aspects of the
present invention. It is contemplated that the invention includes all systems and methods
that can be practiced from all suitable combinations of the various aspects summarized
above, as well as those disclosed in the Detailed Description below and particularly
pointed out in the claims filed with the application. Such combinations have particular

advantages not specifically recited in the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The embodiments of the invention are illustrated by way of example and
not by way of limitation in the figures of the accompanying drawings in which like
references indicate similar elements. It should be noted that references to "an" or “one”
embodiment of the invention in this disclosure are not necessarily to the same
embodiment, and they mean at least one.
[0011] Fig. 1 is a representation of a system that may be used to calibrate color
response of a camera module, in accordance with embodiments of the invention.
[0012] Fig. 2 is a flowchart of a process for adjusting response of a camera
module, in accordance with embodiments of the invention.
[0013] Fig. 3 is a flowchart of a process for calculating correction factors, in
accordance with embodiments of the invention.
[0014] Figs. 4A-4C are examples of graphs and formulas used for calculating

correction factors, in accordance with embodiments of the invention.
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[0015] Fig. 5 depicts an example of a mobile device in which a camera module

can be integrated.

DETAILED DESCRIPTION
[0016] Several embodiments of the invention with reference to the appended
drawings are now explained. Whenever the shapes, relative positions and other aspects of
the parts described in the embodiments are not clearly defined, the scope of the invention
is not limited only to the parts shown, which are meant merely for the purpose of
illustration. Also, while numerous details are set forth, it is understood that some
embodiments of the invention may be practiced without these details. In other instances,
well-known circuits, structures, and techniques have not been shown in detail so as not to
obscure the understanding of this description.
[0017] This document discloses embodiments of systems and processes to correct
for variation in light sources used during color response calibration of camera modules, by
computing a residual error correction factor.
[0018] Fig. 1 is a representation of a system that can be used to measure the color
response of a camera module 2. A camera module 2, which is the device under test
(DUT), is exposed to a light source 13. An image is captured using the DUT 2 and a
measured color response may be computed from the image by an image analyzer 4.
[0019] Color response may be characterized as a ratio of at least two different
pixel color components or color channels. For example, in one embodiment, the color
response of an RGB camera module may be characterized as the color ratios R/G and B/G
computed from one or more images captured by the module. Other color channels and
ratios are contemplated as well.
[0020] Calibrating the color response involves comparing the color response of a
DUT 2 to the color response of an “ideal” camera module under a fixed set of conditions.
The “ideal” camera module may be selected as a camera module that produces images
with a desired color response. To perform accurate and consistent color response
calibration, the color response measurements of a DUT 2 and the “ideal” camera module
should be obtained while using identical light sources because the color response of a
camera module 2 can vary depending on the spectral content characteristics of the light
emitted by the light source 13. However, as a practical matter, it is difficult to reproduce
the exact spectrum produced by a light source 13 because in most cases, the spectrum of a

light source is not sufficiently adjustable. Even two light sources of the same brand and
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model that have been adjusted to the same color temperature setting can still evoke
different color responses, from the same camera module 2. Thus, there is a need for a
color response calibration that can account for the differences in the spectra of light
emitted by light sources used during color response calibration.

[0021] An embodiment of this invention adjusts color response measurements
using a correction factor (also referred to here as a residual error correction factor) to
account for differences in light sources used during calibration. Although it is difficult to
accurately reproduce a light source, it is possible to accurately and consistently measure
the spectrum of a light source to a sufficient degree of precision. Instead of attempting to
reproduce a light source, which can be difficult and laborious, an embodiment of the
invention measures the difference between the spectrums of different light sources to
calculate a correction factor. The measured color response of a DUT 2 exposed to an
actual light source 13 can be adjusted using a correction factor to obtain the color response
of the DUT 2 had it been exposed to a “canonical” light source. Thus, any color response
variation due to the difference between the actual light source 13 and the canonical light
source may be essentially eliminated or substantially reduced.

[0022] An “actual light source” as used herein, refers to an actual or physical light
source used during color response measurement of a DUT 2. In one embodiment, the
actual light source 13 may contain a tungsten incandescent lamp. In another embodiment,
the actual light source 13 may contain a simulated daylight lamp. In another embodiment,
the actual light source 13 may be a scene or target that reflects light from a lamp.

[0023] A “canonical light source” as used herein, refers to mathematically derived
characteristics of a light source that is to be used as a fixed common or reference light
source. In one embodiment, a canonical light source may be represented as a measure of
power carried by each frequency or color (or “power spectrum” generally) that has been
derived from several measured power spectra of lamps that are similar to those used in the
actual light source 13. In other words, the canonical light source may be defined as
representing a light source that emits light spectra similar to that of several specimens of
the actual light source 13. For example, the power spectrum of the canonical light source
may be derived from a measured power spectrum of a number of tungsten incandescent
lamps, simulated daylight lamps, or other actual lamps that are similar to the one
contained in the actual light source 13. This may include lamps of the same type or
model, that are from the same manufacturer, and that have been set to the same color
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[0024] Fig. 2 is a flowchart of an illustrative process for adjusting a response of a
DUT 2 using a computed residual error correction factor, according to embodiments of the
invention. It should be understood that while the following descriptions of the flowchart
in Fig. 2 primarily describe adjusting a color response, e.g., as several color ratios
computed from a digital image captured by a DUT 2, those skilled in the art will
appreciate that alternative measures of how a camera responds to color may also be
adjusted using a similar technique.

[0025] In block 18, a power spectrum of the actual light source 13 is obtained. In
one embodiment, the power spectrum is a spectral power distribution (SPD). The power
spectrum of the actual light source may be obtained by reading a spectrometer 7 or a
similar device that is exposed to the actual light source 13. In one embodiment, the power
spectrum of the actual light source 13 is measured once for several DUTs to be tested, and
may be repeated at regular intervals; alternatively it could be measured separately for each
DUT. For example, the power spectrum of the actual light source 13 may be measured
once every 24 hours during a production run, and saved, for example, in a file orin a
memory. The stored power spectrum may then be retrieved to calibrate successive DUTs
2 until the next power spectrum measurement occurs. In another embodiment, power
spectrum is measured on demand by a user. How often the power spectrum of the actual
light source 13 needs to be measured depends on the rate of degradation of the light
emitted by the light source 13 over time. For example, measurements may need to be
made more often for light sources 13 that degrade quickly.

[0026] In block 19, a power spectrum of a canonical light source is obtained. In
one embodiment, the power spectrum is a SPD. The power spectrum of a canonical light
source may be derived from a measured power spectrum of several instances of a tungsten
incandescent lamp, a simulated daylight lamp, or other lamp that is similar to the lamp
contained in the actual light source 13. The power spectrum of the canonical light source
is usually predetermined and may be obtained from storage as a file or a memory
containing data about the power spectrum of the canonical light source.

[0027] In block 20, an expected spectral sensitivity is obtained for several
specimens of the same digital color camera specification as the DUT. Expected spectral
sensitivity may be obtained for each color component (e.g., R, G, and B). In one
embodiment, an expected spectral sensitivity may be obtained by measuring the spectral
sensitivity of a principal camera device. A principal camera device may be an actual or a

hypothetical camera device that can be selected from or derived from a statistical
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distribution of actual camera devices having similar specification. For example, the
expected spectral sensitivity may be derived for a principal camera device that may be
selected as an average acceptable camera module from a statistical distribution of camera
modules having similar specification as the DUTs 2 to be calibrated. In one embodiment,
expected spectral sensitivity may be measured by analyzing a digital image captured by a
principal camera device as illuminated by a monochromatic light source whose color can
be swept over the desired range for the DUTs. The expected spectral sensitivities may be
predetermined and stored, such as in a file or a memory which contains data about the
expected spectral sensitivities.

[0028] In one embodiment, the expected spectral sensitivities may be obtained by
measuring the spectral sensitivities of the DUT 2 itself. Using the spectral sensitivities of
the DUT 2 itself for computing a correction factor may yield more accurate calibration.
However, because the spectral sensitivities appear in both the numerator and denominator
of the correction factor formula (described below), deviations in the spectral sensitivities
across DUTs are expected to have only a second order effect. Thus, using predetermined
spectral sensitivities of a principal camera device (instead of the spectral sensitivities of
the DUT 2 itself) to calibrate each DUT 2 may still achieve good calibration. An
advantage here is that the spectral sensitivities of each individual DUT 2 need not be
measured. This allows for faster calibration because measuring the spectral sensitivities of
each DUT 2 can be laborious and time consuming.

[0029] In block 21, a color response to the actual light source 13 is computed
based on the expected spectral sensitivities and the power spectrum of the actual light
source 13. Fig. 3 shows a flowchart of an example of how color response to the actual
light source 13 may be calculated. Expected spectral sensitivities 25 are predetermined
and obtained from reading an expected spectral sensitivity file 10. An actual light source
SPD 31 is obtained from reading a spectrometer 7 that is exposed to an actual light source
13. For each color channel, the expected spectral sensitivity 25 of the color channel is
multiplied by the actual light source SPD 31 and integrated to obtain R;, G;, and B; values,
which are divided to yield color ratios 28 R;/G; and By/G;.

[0030] Now referring back to Fig. 2, in block 22, a color response to the canonical
light source is computed based on the expected spectral sensitivities and the power
spectrum of the canonical light source. Fig. 3 shows a flowchart of an example of how
this color response may be calculated. Expected spectral sensitivities 25 are

predetermined and obtained from reading an expected spectral sensitivity file 10. The
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canonical light source SPD 26 is also predetermined and obtained by reading a canonical
light source file 11. For each color channel, the expected spectral sensitivity 25 of the
color channel is multiplied by the canonical light source SPD 26 and integrated to obtain
Ry, Gy, and By values, which are divided to yield color ratios 28 R¢/Gg and By/Gy.

[0031] Figs. 4A-4C show examples of more detailed formulas and graphs for
calculating color response to a light source based on spectral power distribution of a light
source and expected spectral sensitivities of a camera module 2. Graph 32 plots the SPD
function of light emitted by an actual light source 13 (denoted as E;(A)). Graph 33 plots
the SPD function of light emitted by a canonical light source (denoted as Eo(A)). Graph 34
plots the expected spectral sensitivities of an RGB camera module 2. Dg(A), Dg(A), and
Dg(M) are spectral sensitivity functions for color components R, G, and B respectively.
Color response to a light source may be computed by multiplying and integrating (or
summing) the SPD of a light source and the expected spectral sensitivity, for each color
component or channel. For example, equations 36-38 show how each color component
value of a color response to an actual light source 30 may be calculated, where R;, G;, and
B; are the R, G, and B components of a color response to an actual light source
respectively. Similarly, equations 39-41 show how each color component value of a color
response to a canonical light source 35 may be calculated, where Rg, Gy, and By values are
the R, G, and B components of a color response to a canonical light source respectively.
These values may then be used to compute color ratios 28, Ri/G; and B;/G;, for a response
to an actual light source 13 and color ratios 28, Ro/Gy and B(/Gy, for a response to a
canonical light source. |

[0032] Now referring back to Fig. 2, in block 23, a correction factor 6 is
computed, here as the ratio of a color response to a canonical light source and a
corresponding color response to an actual light source 13. Referring now to Fig. 3, a
correction factor 6 may be calculated for each color ratio 28 (e.g., one for R/G and another
for B/G). For example, in Fig. 3 two correction factors 6 are computed as (Ro/Go) / (
Ri/G;) and (Bo/Go) / (Bi/G;); these are also depicted in Figs. 4A-4C.

[0033] Still referring to Fig. 2, in block 24, a measured response of the DUT 2 is
adjusted using the correction factor 6. In one embodiment, the measured response of a
DUT 2 may be the color response (e.g., color ratios) computed from a digital image
captured by the DUT 2 while exposed to an actual light source 13. These “measured” or

raw color ratios are then adjusted using the correction factors 6. For example, the raw

-8-



color ratios may be multiplied by their respective correction factors 6 to obtain corrected
color ratios. The corrected color ratios are expected to be those had the DUT 2 captured
while being exposed to a canonical light source instead of the actual light source 13.
Other measures of how a DUT 2 responds to color may be adjusted using a correction
factor as well.

[0034] The corrected measured response of the DUT 2, or the correction factors 6
and the measured color response data as well as perhaps other calibration data, may then
be stored or written into a suitable storage as being associated with the DUT 2 (e.g., non-
volatile memory within the DUT 2 such as memory 3 — see Fig. 1, remote server or cloud-
based storage that is accessible over the Internet by the DUT 2 or by a device in which the
DUT 2 is integrated). Firmware running in the DUT 2 (or in another device of which the
DUT 2 will be a component) can then read the stored, calibration data and/or the corrected
measured color response and then use it to make corrections to images captured by the
DUT 2 during in-the-field or end-user operation. The difference between the corrected
response of the DUT 2 and the corrected response of an “ideal” camera module will adjust
the images captured by the DUT 2 such that the DUT 2 produces images that are
essentially equivalent from the standpoint of color response to that of the “ideal” module.
Using the corrected response may essentially eliminate or substantially reduce any
differences in response caused by differences in light sources used to calibrate various
instances of the DUT 2.

[0035] Referring back to Fig. 1, the system 1 may be part of a high volume
manufacturing production test line for camera devices, e.g., camera modules that are
integrated into consumer electronics devices such as smart phones. A camera DUT (e.g.,
camera module) 2 is exposed to an actual light source 13. A traceable, calibrated light
measurement device, such as a colorimeter or a spectrometer (collectively referred to here
as a “spectrometer”) 7 may measure the power spectrum of light emitted by an actual light
source 13 and send the data to a data analyzer 9. The data analyzer 9 may read the
predetermined power spectrum of a canonical light source from a canonical light source
file 11. The data analyzer 9 may also read the predetermined spectral sensitivity of a
principal camera device from an expected spectral sensitivity file 10. The data analyzer 9
may calculate correction factors 6, for example, by using the correction factor calculations
described above.

[0036] The camera module 2 is also operatively connected to an image analyzer 4,

using a data cable or wireless technology, so that image analyzer 4 can receive digital
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image data of an image taken by camera module 2. The camera module 2 may capture an
image 17 and send it to the image analyzer 4. The image analyzer 4 can calculate the
measured or raw color response from the image 17. In one embodiment, the color
response is the raw color ratios 15 (R/G;, and B,/G;) of the image 17. The raw color ratios
15 may then be corrected using the computed correction factors 6. In one embodiment the
raw color ratios 15 are multiplied by their respective correction factors 6 using a multiplier
module 14 to obtain corrected color ratios 16 (R./G. and B/G.). The corrected color
ratios 16 may then be used by the camera module 2 to improve the color content of images
during end-user or in-the-field image capture. In one embodiment, the corrected color
ratios 16 are stored in non-volatile memory, e.g., the memory 3, of the camera module 2.
This module calibration loop or process 5 may be repeated to calibrate multiple camera
modules 2 using the same set of correction factors 6, in a high volume manufacturing
setting.

[0037] In some embodiments, the actual light source 13 may be calibrated to
essentially match the color temperature of the canonical light source prior to calibration.
Matching the temperature of the actual light source 13 to the temperature of the canonical
light source prior to calibration may produce more accurate and consistent camera
response calibration. Fig. 1 shows an example system 1 with a light source calibration
loop or process 50 that may be used to calibrate the actual light source 13. In some
embodiments, light source calibration may be performed by adjusting the voltage level
supplied by a power supply 49 that is operatively connected to the light source 13. The
color temperature of the light source 13 may be adjusted by changing the voltage level
applied to the light source 13. A spectrometer 7 may be used to measure the current color
temperature of the actual light source 13. This data may be sent to the data analyzer 9 (see
Fig. 1). The data analyzer 9 may compare the measured color temperature of the light
emitted by the actual light source 13 with a predetermined color temperature for the
canonical light source, and in response signal a controller 48 to automatically adjust the
voltage supplied by the power supply 49 accordingly. In another embodiment, the actual
light source 13 may have a built-in control to adjust the color temperature setting. Other
mechanisms for adjusting color temperature of a light source are contemplated as well.
This light source calibration loop or process 50 may be repeated periodically to adjust the
color temperature of the actual light source 13. For example, in one embodiment, light

source calibration is performed every 24 hours.
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[0038] An advantage of the processes and systems described in this document is
that color response calibration may be performed more accurately and consistently
because embodiments of the invention compensate for variations in the light spectra
emitted by different light sources used during camera device calibration. Moreover,
because embodiments of the invention compensate for variations in light sources,
laborious material screening procedures for light sources may be avoided.

[0039] It should be understood that the camera module 2 could be incorporated on
a wide variety of consumer electronic devices such as desktop computers, laptops, tablets,
home entertainment systems, vehicle-based imaging systems, smartphones, professional
cameras, and other suitable devices (e.g., security systems, and mounted cameras). Fig. 5
shows an example of a personal mobile device 42 in which a camera module 2 may be
incorporated. The camera module 2 may be calibrated while in the housing of the mobile
device or separately, such as prior to installation into the device 42. Also, it should be
understood that the processes and systems described in this document may be applied to a
mass production manufacturing test line to calibrate the response of camera modules 2
during manufacture.

[0040] It is also considered that the processes and systems mentioned herein may
be embodied in an article of manufacture having a computer-readable medium in which
data and instructions are stored that cause a programmable processor to perform
operations described above. Some examples of computer-readable mediums are flash
drives, USB drives, DVDs, CD-ROM disks, and hard disk drives. A test program may
cause a test computer or other device to: calibrate a light source, read light source spectral
files, calibrate a spectrometer 7; read data from a spectrometer 7 measurement; read
spectral sensitivity data from a file; compute color response of a digital image 17 captured
by a DUT 2; compute color response to an actual light source 13; compute a color
response to a canonical light source; compute a correction factor 6; compute corrected
color ratios 16; and write corrected color ratios 16 to camera memory 3.

[0041] While certain embodiments have been described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely
illustrative of and not restrictive on the broad invention, and that the invention is not
limited to the specific constructions and arrangements shown and described, since various

other modifications may occur to those of ordinary skill in the art.
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CLAIMS

What is claimed is:

1. A method for calibrating the response of a camera device under test (DUT), that
images an actual light source, comprising:

computing a color response to a canonical light source, based on a) an expected
spectral sensitivity and b) a power spectrum for the canonical light source;

computing a color response to the actual light source, based on a) the expected
spectral sensitivity and b) a power spectrum of the actual light source;

computing a correction factor as a function of a) the color response to the
canonical light source and b) the color response to the actual light source

measuring a color response of the DUT to the actual light source; and

adjusting the measured color response of the DUT using the correction factor.

2. The method of claim 1 wherein the power spectrum is a spectral power
distribution.
3. The method of claim 1 further comprising obtaining the power spectrum of the

actual light source, by reading from a spectrometer that is exposed to the actual light

source.

4. The method of claim 1 further comprising obtaining the expected spectral
sensitivity, by analyzing a digital image captured by a principal camera device as

illuminated by a monochromatic light source.

5. The method of claim 4 wherein the principal device is a camera device that has
been selected as a measure of the central tendency of a statistical distribution of camera

devices.

6. The method of claim 1 wherein measuring the color response of the DUT
comprises computing a color response ratio of different pixel color components, captured
by the DUT while exposed to the actual light source, and wherein adjusting the color

response of the DUT comprises multiplying the color response ratio by the correction
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factor.

7. The method of claim 1 further comprising storing the adjusted color response in

non-volatile memory associated with the DUT.

8. The method of claim 6 wherein the DUT is an RGB camera module and the color

response ratio of the DUT comprises color ratios R/G and B/G.

9. The method of claim 1 wherein computing a color response to the canonical light
source comprises multiplying and integrating, for each color channel, the power spectrum

for the canonical light source and the expected spectral sensitivity of the color channel.

10. The method of claim 1 wherein computing a color response to the actual light
source comprises multiplying and integrating, for each color channel, the power spectrum

of the actual light source and the expected spectral sensitivity of the color channel.

11. The method of claim 1 further comprising:
obtaining the power spectrum for the canonical light source, by deriving it from a
measured power spectrum of one of a tungsten incandescent lamp, a simulated daylight

lamp, or other actual lamp that is similar to the one contained in the actual light source.

12. The method of claim 1 further comprising adjusting the actual light source to have
essentially the same color temperature setting as that of a lamp that is used to derive the

power spectrum for the canonical light source.

13. A system for calibrating a color response of a camera device comprising:

an actual light source to which the camera device is to be exposed during image
capture;

an image analyzer to measure a color response of the camera device to the actual
light source; and

a data analyzer to calculate a correction factor to be used to correct the measured

color response of the camera device, wherein the correction factor is computed as a
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function of a) color response to a canonical light source and b) color response to the actual

light source.

14. The system of claim 13 wherein the actual light source has an adjustable color
temperature setting that is set to be essentially the same as that of a lamp used when

deriving a power spectrum for the canonical light source.

15.  The system of claim 13 wherein the data analyzer is to compute the color response
to the canonical light source by multiplying and integrating, for each color channel, a) an
expected spectral sensitivity in the color channel and b) a power spectrum that has been
derived from an actual power spectrum measurement of a lamp that is similar to the one

contained in the actual light source.

16.  The system of claim 15 further comprising:

a spectrometer to measure a power spectrum of light emitted by the actual light
source,

wherein the data analyzer is to compute the color response to the actual light
source by multiplying and integrating, for each color channel, the measured power
spectrum of the actual light source and the expected spectral sensitivity in the color

channel.

17.  An apparatus for testing a camera device, comprising:

an article of manufacture having a machine-readable medium in which are stored
instructions that program a computer to access files that contain power spectrum data for a
canonical light source, power spectrum data of an actual light source, and expected
spectral sensitivity data for the camera device,

wherein the instructions further program the computer to compute a camera
response to the canonical light source based on a) the expected spectral sensitivity data
and b) the power spectrum data for the canonical light source, and a camera response to
the actual light source based on a) the expected spectral sensitivity data and b) the power
spectrum data of the actual light source,

wherein the instructions further program the computer to compute a correction

factor by calculating a ratio of a) the camera response to the canonical light source and b)
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the camera response to the actual light source, and apply the correction factor to adjust a
measured response of the camera device, wherein the measured response is computed

from an image captured by the camera device while exposed to the actual light source.

18. The article of manufacture of claim 17 wherein the instructions are such that the
computed camera response to the canonical light source comprises a color response ratio

of different pixel color components.

19. The article of manufacture of claim 17 further comprising stored instructions that
program the computer to write the adjusted measured response of the camera device into

non-volatile memory associated with the camera device.

20. The article of manufacture of claim 17 wherein the instructions are such that the
measured response of the camera device is a computed color response ratio of different
pixel color components that are derived from the image captured by the camera device

while exposed to the actual light source.
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