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Foreword

About The International Imaging Industry Association (I3A)

As the central forum for the development and advancement of open standards within the
imaging industry, the International Imaging Industry Association (I13A) takes a broad view
of the entire imaging market value chain. In doing so, I3A seeks to identify strategic
market growth barriers, where a strong industry consortium has the greatest potential
for impact, then targets specific initiatives or standards projects to reduce or eliminate
those barriers. I13A uses a combination of technical and marketing activities to reach its
goals of solving interoperability challenges, resolving infrastructure issues and
maximizing overall market understanding and acceptance.

The concept is to provide an environment conducive to collaboration and, ultimately,
foster growth of the imaging market. 13A is the place to be to meet potential partners
who share common interests in finding creative solutions to industry-wide problems.
I3A is a flexible body, designed to respond quickly to market opportunity while at the
same time being capable of a formal, deliberate and open approach to standards
development. All told, I3A is an organization that can respond quickly to create market
opportunity for its members.

About the CPIQ Initiative Group

To encourage innovation and eliminate the long lead times usually associated with
collaborative efforts, I3A has created a rapid development consortium standards process
for Initiatives. An Initiative's three phases — Idea Formation, Investigation and Results
— enable identification, exploration and development of technology ideas that lead to
increased market opportunities for I3A members and enhanced products and services
for consumers.

The Camera Phone Image Quality (CPIQ) Initiative Group is developing a multi-phase
project that identifies key camera phone attributes that affect image quality, objective
and subjective test methods to measure these attributes — ultimately resulting in a
consumer-oriented rating system that will allow the public to choose the best camera
phone for their particular needs.
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cases the subject-camera distance may be given as an EXIF tag. It is more likely that it

must be computed from the size of recognizable features (head height, door height, the
height of adult human figures, etc.) in the image and the knowledge of the camera lens

focal length and sensor size.

By way of example, a preliminary estimation of camera phone photospace was made using a
simple implementation of the sampling described above:

»= Subject [llumination was sampled in 7 logarithmic steps from <10 Lux to >70,000 Lux.
» Subject-camera distance was estimated from the relative size of recognizable features.

* |mages were drawn from publicly shared camera phone images on several sharing Web
sites.

From this collection of images, the distribution of capture conditions is demonstrated and
an example of the resulting photospace distribution is shown in Figure 4.

Camera Phone Photospace Distribution

: s
Subject-Camera o 4 Subject

Distance [m] " 1381 lllumination [Lux]

Figure 4 — Preliminary estimate of camera phone photospace distribution

It is evident that a large fraction of images is made in low lighting conditions and at short
camera-subject distances. It should be emphasized that this distribution is a preliminary
example and not intended to be an exhaustive definition of the current or future patterns of
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camera phone usage. Using these example estimates of camera phone usage, we can
identify six clusters that encompass approximately 70% of the images:

Cluster Subject
Illuminance
(Lux)
1 <50 Lux
2 50-100 Lux
3 <50 Lux
4 50-100 Lux
5 > 3400 Lux
6 > 3400 Lux

Subject-
Camera
Distance (m)

=1m
=1m

>4m

>4m

0.5-2m

>7m

Typical Scene Description

Close up in dim-dark lighting
conditions (indoor/outdoor)

Close up in typical indoor lighting
conditions (indoor/outdoor)

Small group in dim-dark lighting
conditions (indoor/outdoor)

Small group in typical indoor
lighting conditions
(indoor/outdoor)

Small group in cloudy bright to
sunny lighting conditions
(outdoor)

Scenic landscapes!/ large groups
in cloudy bright to sunny lighting
conditions (outdoor)

Table 1 — Camera phone clusters in photospace (~70% of images contained in the six clusters)

The clusters can be used to identify the conditions for the objective characterization of
camera attributes and the types of scenes to be used for subjective scaling of image quality.
As the capabilities of camera phones evolve, it is clearly expected that the identification of
usage clusters will also evolve. The purpose of linking measurement protocols to expected
consumer usage patterns, as described by the photospace distribution, is to permit a
dynamic process that will adapt measurement conditions to those that mirror consumer use

patterns.

4.1 Camera phone image use cases

The consumer uses or views the images in a number of different environments that
influence his/her expectations but also affect perception.

* The image is immediately viewed on the handset. The display is typically of low
resolution — QVGA or lower and two-inch diagonal, viewed under varied surrounding
illumination. Often the contrast ratio is limited by the LCD display, the ambient
illumination and the condition of the front surface of the display. While the display has
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significant limitations, this is often the environment in which the consumer makes a
decision to share/keep or not share/keep the image. These images are viewed as "soft

copy."

* The image is viewed on either a laptop or desktop computer display. The image has
been uploaded to a sharing site or emailed to friends or family. The viewing
environment is less hostile, usually the home or office, with ambient illumination levels
from 50 to 500 Lux. The image is viewed on a higher resolution display with a typical
resolution of 72 to 110 dpi and at viewing distance of approximately 0.67 m. (2 ft.).
These images are viewed as soft copy.

* The image is viewed on a home video display (TV or home theater). The quality of these
displays is highly variable — ranging from common television displays to deformable
mirror displays (DMD). These displays have high contrast ratios and are often
characterized by viewing conditions meant to enhance viewing quality but from viewing
distances approximately 2 to 3 m (6 to 10 ft.). These images are viewed as soft copy.

* The image is viewed on a photographic-quality print. These are probably the most
demanding applications for the display of camera phone images. Most photo printers
print images at a resolution of 300 dpi. Thus a two-megapixel image will be printed at
one display pixel per one image pixel. These images are viewed as hard copy under a
variety of lighting conditions and viewing conditions that vary depending upon image
size. Hard-copy reproduction also requires more controlled color reproduction, because
of increased viewer discrimination of white balance and tone reproduction deficiencies.

* The images are used for e-commerce applications — e.g., images of bar-codes are
viewed by machines, such as scanners, to extract product information, such as price,
product #, promotion.

Objective measurements of camera phone performance can be performed without reference
to the utilization of the image. If the purpose of the characterization is to be predictive of
what the consumer will experience, then the measurements should reference the utilization
of the image, since any consumer experience is framed by the viewing of the image and its
attendant limitations.

As discussed in Section 3.0, the segmentation by camera capability is a part of the
definition of utilization. Since each of the viewing/utilization conditions described above
imposes limitations on the viewed image, one should not be surprised that camera features
may not be differentiable under all of the conditions. The determination of the viewing
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environment primarily affects the task that is specified for the subjective assessment of
image attributes. As will be discussed in the following section regarding subjective scaling,
the determination of image utilization will be addressed in subsequent phases of the CPIQ
Initiative. The estimation of the subjective attributes of an image is to be performed within
the prescription of the utilization of the image. The initial demonstrations of camera phone
subjective scaling will be determined for the case of viewing of shared images on a desktop
or laptop display, since this at present is the most common utilization of camera phone
images. However, the protocols are applicable to all of the above image utilization
scenarios.

4.2 The evolution of camera phone consumer experience

It should be emphasized that, as both the technical capabilities of camera phones evolve
and the social milieu of image sharing changes, the distribution of images will change. The
CPIQ Initiative recognizes the dynamic nature of the processes of image capture and image
viewing and will seek to produce testing recommendations that separate the mechanisms of
the test from the conditions under which the test is performed. The CPIQ Initiative stresses
that both objective and subjective measurements be performed in conditions simulating the
current/relevant consumer environment as described by the dynamic photospace
distribution.
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5 CPIQ 1.0 Test Metrics and Test Methods

The CPIQ Initiative has been structured in a phased approach in order to deliver
recommendations that can be implemented in a timely manner. As a consequence, Phase
1.0 is intended to summarize those measurement techniques that affect image quality AND
are either currently codified as formal standards or industry best practices. These
measurements fall into two broad categories: objective measurements of camera phone
performance and subjective measurements of camera phone images. Since the focus of the
CPIQ Initiative is on final image quality, the objective measurements described here are
performed on the actual digital JPEG) file. In many cases, the measurements can be
performed on individual components, though for the reasons described in Section 3, the
interactive nature of the camera system implies the necessity of camera-specific models of
the image-forming process that are beyond the scope of this Initiative.

It should be noted that the test methods in Section 5 are neither standards nor
recommendations. They are intended to illustrate current standards and best practices that
could be applicable/adoptable to CPIQ. In future phases of the CPIQ Initiative, specific test
methods will be developed. Each method will be tested for viability.

A separate section describing post-processing of camera phone images and the population
and use of metadata tags in post-processing is also included.

The ultimate goal of the CPIQ Initiative is a comprehensive image quality rating system,
based on a combination of objective and subjective IQ measures. The immediate goals of
Phase 1.0 and Phase 2.0 of the Initiative are to provide robust, repeatable techniques for
measuring the two categories of IQ measures: the measurement of camera phone
performance and the quantification of subjective image quality. Thus, Phases 1.0 and 2.0
are laying the foundation on which the overall CPIQ rating system will be built.
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Figure 5 — Schematic representation of the relationship between objective characterization of camera
performance and the observer-based subjective characterization of image quality

5.1 Objective measurements of camera phone performance

A fully characterized camera phone would require, at a minimum, test metrics for all of the
green shaded boxes in Figure 3:

= Image Noise

»= Spatial Frequency Response

* Exposure (proper motion blur/noise/clipping tradeoff)

» Color Balance (white balance)

» Color Accuracy (scene analysis)

* Lightness & Contrast (tone reproduction part of color rendering)

* Colorfulness/Naturalness (color reproduction part of color rendering)

» Macro/Micro defects

© 13A 2007 - All rights reserved 20
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It is commonly agreed that in many of these areas there is no unique test metric. For CPIQ
1.0, we focus on well-established test metrics. These are mainly in the following areas:

= Spatial Frequency Response (SFR)
» Color Balance

» Camera Flare

= Macro defects (color uniformity)
= Speed

= Exposure

While there are established test procedures and metrics for these measurements, these
procedures have been validated only for digital still cameras. The following sections
describing test protocols and metrics (for the areas described above) are introduced as
examples of initial testing procedures that might be applied to camera phones. It will be a
goal of CPIQ Phase 2 to evaluate the applicability of these test protocols to camera phones
and to introduce new protocols if appropriate. In particular, the test targets described
represent existing targets recommended by the relevant ISO standards. Independent of the
test protocol, these test targets may need to be modified to yield stable measurements for
the small imagers found in camera phones.

It is also important to note that the increasing use of "smart" image processing algorithms
that cannot be disabled may lead to non-unique characterizations of these camera phones.!

1 With increasingly smaller pixels and greater logic densities being used in camera phone chips, new image processing
algorithms are being deployed to compensate for new physical limitations and enable more intelligent optimization of image
quality. As a result, many of the existing test charts and methodologies can be fooled by sophisticated processing or fail to
measure its advantages. A common example of this is noise reduction algorithms that blur flat field areas and textures but
not edges. Charts like OECF used in ISO 14524 with flat fields can yield very good measurements for very blurry pictures with
noisy edges.

Auto white balance algorithms check for high light levels to help detect daylight but light boxes used in lab tests often
produce less than 1,000 lux for daylight. Auto exposure algorithms now find human faces in scenes to expose the subject
properly and clip unimportant content. Reflective charts do not have faces or high dynamic range. Adaptive tonal curves will
process a sunny day different from a cloudy day so OECF, EIA and similar charts may report an advanced camera is worse than
a very primitive one.
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The intention of the CPIQ Initiative is to recommend that these objective tests be applied
subject to test conditions specified by the appropriate application photospace distribution
— subject illumination and subject-camera distance.

5.1.1 Objective resolution test example

The intent of an objective metric for image resolution is to characterize the microstructure
information content of an imaging system. These test metrics may be measurements of
luminance information or full color information. Historically, imaging systems were treated
to first order as linear systems. In a linear system, the world object could be represented as
the summation of point sources and the image as a summation of the images of each point
source. Thus the image formed from a point source (point spread function) represented the
most primitive characterization of the imaging system in the spatial domain. An imaging
system’s spatial frequency response (SFR) is a descriptor of contrast loss as a function of
spatial frequency. It is a basic metric from which a number of single-valued derivative
measures, limiting resolution being one, can be derived. Most importantly, SFR provides a
means of objectively connecting spatial camera performance to subjective perceptions of
sharpness and detail reproduction.

Since real camera systems are not linear systems, there is no unique SFR characterization.
The CPIQ recommendations for measuring SFR are intended to provide a robust
measurement under fixed operating conditions: subject illumination, subject distance and
camera operating parameters. Some of these variables are specified by a testing protocol
based on the expected photospace distribution. Others will be image context-dependent
and are outside of the scope of the Phase 1.0 proposal.

ISO 12233 [4] describes protocols for measuring the spatial frequency response of digital
still cameras. 1SO 12233 computes the SFR from the edge profile of a slanted high-contrast
edge. The slanted edge is introduced to account for the essential discrete sampling applied
in a digital image by averaging over the phase angle describing the relative offset between
the digital sensor sampling grid and the edge target. 1SO 12233 specifies an algorithm for
estimating the edge profile from the discrete image line profiles of the edge when the edge
is oriented at a slight angle relative to the sensor grid. I1ISO 12233 provides the following
recommendations and resources that are included in the CPIQ test recommendation:

* Image capture conditions;
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= SFR slanted edge gradient recovery algorithm.

The primary differences between ISO 12233 and what is proposed in this section are the
test target features. The changes to the target are illustrated in Figure 6.

A

This target suitable for use with 1SO 12233 and 14524

Figure 6 — Basic SFR target format
They provide:
1. Extensibility,
2. Low contrast edge features,

3. Opto-Electronic Conversion Function (OECF) Patches. These eliminate the need for
separate OECF target capture for data linearization. This provides greater efficiency and
less variability in overall workflow metrology by also providing a means for noise and
dynamic range measurement. The slanted patches also allow for additional contrast-
dependent SFRs if the user chooses to pursue such analysis;

4. Machine vision elements. These features are added to aid with automated analysis of
the included features.

The graphical presentation of SFR curves shall be a curve illustrating response versus spatial
frequency graph as depicted in Figure 7.
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Figure 7 — A representative SFR plot, showing dependence of SFR as a
function of subject illumination

For a given set of test conditions, the SFR presentation should include separate red, green
and blue channel responses as well as a combinatorial luminance response. A luminance
SFR response should be derived from a single luminance image file, Y(x, y), by weighting the
separate RGB image channels at each pixel location (x,y) according to the following
weightings.

Y(x,y)=0.213R(X, y)+ 0.715G(x, y)+ 0.072B(x, y) )

Though the SFR is an information-rich multi-valued measure, frequently simple single
valued derivative metrics are more suitable for communicating resolution behavior more
succinctly, albeit with less rigor. Some of these are offered below.

5.1.1.1  SFR point-response criterion — Simply citing the spatial frequency associated
with a given SFR response can suffice as a summary resolution metric. A useful notation for
communicating this is the letter R with the appropriate response subscript. For instance,
Rio is considered to be the historical Rayleigh resolution criterion in the optical sciences and
is the spatial frequency associated with a 0.10 SFR response. It can also be used as a
limiting resolution criterion, as it correlates with subjective detail reproduction. Rsgis also
frequently used as a more demanding resolution criterion, which correlates with subjective
sharpness. Ultimately, any response-level criterion is arbitrary and can be selected by the
user for a particular application. Rso is more suitable than Ryo for comparing sharpness
because detail is still quite visible when the image contrast has fallen off to half its low peak
value, whereas the eye is relatively insensitive to detail at spatial frequencies where MTF is
10% or less. Furthermore, the response of virtually all cameras falls off rapidly in the
vicinity of MTF50.
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5.1.1.2 Resolution Efficiency Rating, Ek — Camera phones are normally marketed using a
megapixel value, which normally provides the number of effective pixels of the image
sensor. This can be confusing or misleading, since it is a value related to the number of
addressable photo elements on the image sensor and is not based on any type of optical
resolution measurement. There is interest in developing a single-value resolution numeric
for reporting the measured resolution of electronic still picture cameras. One proposed
metric is the "resolution efficiency rating." This rating ranges from 0 to 100.

5.1.1.3 Other metrics

NOTE: In subsequent Phases, other metrics such as BxU and SQF may be examined.

5.1.2 Obijective speed test example

ISO speed is a measure of the amount of light on the sensor that is required to make an
image of a specified quality. Camera speed is an attribute that is not directly visible to the
observer but its consequences are more obvious. For a given subject illumination, camera
speed will determine the duration of the exposure time: shutter speed. Camera speed
affects the noise that is visible in the image, both through the gain of the image signal but
also through the integration of sensor dark current over the shutter time. Camera noise
also affects camera motion blur at low light exposures.

CPIQ Phase 1 evaluated the same protocols for measuring Camera Phone speed as for
Digital Still Camera (DSC) speed in ISO 12232 [3]. With speed measurement for
photographic film, the relation between exposure and image quality is dominated by tone
reproduction. With digital cameras, tone reproduction can be easily adjusted by in-camera
processing, and the relation between exposure and image quality is fundamentally
determined by the noise-clipping tradeoff. This distinction between film and digital results
in different exposure determination algorithms for digital capture, although the ISO Speed
scale used is the same for both film and digital cameras.

ISO 12232 provides for measurement of both the clipping and noise aspects of image
quality, as they relate to ISO speed:

» Saturation Based Speed (Ssat)

= Noise Based Speed (Snoise)
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ISO speed reporting is then as follows:

If the primary noise speed is measurable and higher than the saturation speed, it is reported
as the ISO speed, and the range from the saturation speed to the upper limit noise speed is
reported as the ISO speed latitude. Reporting Ssat, Snois, and I1SO speed latitude values
indicates that the camera can produce excellent signal-to-noise (S/N) ratio images without
unacceptable clipping using the ISO speed as the exposure index, and that exposure indices
within the ISO speed latitude should produce acceptable results.

If only the saturation and upper limit noise speeds are measurable, or the primary noise
speed is lower than the saturation speed, the saturation speed is reported as the ISO speed
and the range from the saturation speed to the upper limit noise speed is reported as the
ISO speed latitude. When the ISO speed latitude low value is the same as the ISO speed, this
implies that the camera could not produce S/N values higher than 40. In this case using the
ISO speed may not produce excellent S/N images, but the S/N quality can be roughly
estimated from the range of the ISO speed latitude.

If only the saturation speed is measurable, it is reported as the ISO speed and no speed
latitude is reported. This implies that either the camera could not achieve an S/N of 10, or
that the camera can only produce lossy compressed images, so the noise speeds could not
be measured.

Unfortunately, the noise-based speed cannot be measured using lossy compressed images,
like the JPEG compressed images created by camera phones. So, only Ssa is considered the
most appropriate for the first phase of the CPIQ Initiative. Ideally, the primary and upper
limit Snoise Speeds would be measured, to determine the ISO speed and speed latitude as
described in ISO 12232.

Ssatis intended to prevent clipping artifacts associated with image sensor saturation and
correlates the exposure with the best signal-to-noise ratio for a given camera. But,
different cameras operating at the same Ssa: will not necessarily yield equivalent image
quality.

The formula for calculating Ssa: is found in Equation 3.

sat (3)
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Hsar = minimum focal plane exposure that yields the highest unclipped output signal (Lux-
seconds).

5.1.3 Objective exposure test example

Most consumer-oriented cameras contain an exposure-sensing device and associated
algorithm that will automatically measure scene characteristics and attempt to determine
the appropriate exposure settings for an optimum image. These settings are based on the
available camera adjustments (i.e., shutter time, aperture setting, sensor gain and color
rendering), and the allowable ranges of these parameters. The "correct” exposure is
determined based on a number of scene models (e.g., mean or median brightness of the
entire scene, center-weighted mean brightness, green-only brightness, spot area
brightness, excessive clipping prevention, etc.). No matter which approaches are used to
determine the scene exposure, the final result when the camera is set in auto-exposure (AE)
mode is an image of a scene that has been captured by the camera at a specific aperture
and shutter-speed combination, with a calculated amount of analog (and perhaps digital)
gain, and a tone reproduction curve applied in order to render the best possible
presentation of the tonal values in the scene.

As with any algorithmic model of a subjective process, exposure can only be determined
with a limited degree of accuracy. The factors that affect the accuracy are both scene-
dependent and camera-dependent. For example, the trade-off among noise, motion blur
and clipping is subjective and scene-dependent, and the image lightness that will result
from a specific exposure depends on the color rendering applied. There are also many
subjective attributes that affect one’s personal exposure preference for a specific scene.

For these reasons, an objective characterization technique of exposure quality is quite
difficult to establish. This type of method would therefore need to focus more on aspects
of exposure that are not scene- or color-rendering-dependent. In its simplest form, this
can be done by using a standard scene, such as a gray chart with a number of accurately
characterized spectrally neutral patches. Examples of such gray charts can be found in ISO
14524 and I1SO 15739.

As an example of this type of characterization, we consider capturing images of a gray chart
at three different illumination levels: 50,000, 500 and 50 Lux. For each situation, the
luminance from the patch that produces a gray value of 116 (corresponding to an L* value
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of 50 in the L*a*b* color space) is measured. From ISO 12232, the focal plane exposure can
be calculated through:

_ 65Lt
100A2 (3)

where:

L is the scene luminance, tthe exposure time, and A the f-number. Knowing the exposure
time and f-number of the camera, the focal plane exposure can be calculated. Using the
relationship between exposure index, El, and focal plane exposure, H, found in ISO 12232,

10
= 4
El (4)

a table such as Table 2 can be constructed.

Sceneilluminance | Medium Exposure | f-number Mid-gray Exposure
(Lux) gray patch time(s) exposure, index
luminance H
(cd/m?)
50000 2.90x10? 1/1000 0.118 85.0
500 29.0 1/15 0.0784 127
5 0.356 1/5 0.00290 3450

Table 2 — Example of camera exposure characteristics as a function of scene illuminance

In this example, the exposure index increases dramatically as the illuminance decreases.
This is contrary to experience with film photography, where the color rendering is fixed by
the film (and processing), and the exposure index should remain constant as the scene
luminance changes. With digital photography, the color rendering is not fixed. This makes
it possible to achieve good tone reproduction while optimizing the El and color rendering

for different scene illuminances based on motion blur and noise considerations.

Note that

in this example the scene tone that is reproduced as a medium gray also changes slightly at
the lowest illumination level.

The above method can therefore be used to give a rough assessment of the behavior of the
automatic exposure program and color rendering and, consequently, the change in image
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quality under different illumination levels. In Phase 2 of CPIQ, this type of objective
exposure measurement will be further investigated.

5.1.4 Objective color uniformity test example

The calculations for characterizing exposure require a number of gray patches and as a
consequence represent an average of the sensor response to light falling on the sensor at
different locations in the image. The target geometry used in OECF targets is chosen to
place the individual gray patches at approximately the same radial distance from the center
of the image. The uniformity of the illumination over the image area will affect the local
OECF. With camera phones, it is not practical to measure the OECF over the image area
because focal plane measurements are required. Additional characterization of the relative
image uniformity must be performed.

The uniformity of illumination over the image area is an important aspect of camera design.
All lenses have reduced light in the corner compared to the center. The reduction of
illumination in the image plane away from the optical axis may be due to mechanical
vignetting or the natural cosine4x law. Mechanical vignetting is caused by the decrease in
effective f-number due to the decreasing overlap of two or several apertures as the object
light source is moved farther away from the optical axis. The effect is a reduction in image
illumination away from the center of the image. It is especially noticeable in large aperture
lenses. Figure 8 illustrates the reduction in illumination at the corner of the image as well
as color shading in a standard digital camera lens. Measurement of relative illumination
provides a means of calibrating a camera and electronically correcting any reduction in
illumination. A test for relative illumination can also be used as a benchmark for image
quality.
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Figure 8 — Image showing the reduction in illumination at the corners of an image

A measurement of relative illumination is performed by capturing an image of a uniform
extended spectrally neutral target such as a white card, uniformly illuminated with a diffuse
light source with an appropriate spectral power distribution as specified for OECF
measurement in ISO 14524. The non-uniformity of the illumination on the target should be
less than 5%.

The captured image is separated into its component color planes. Once the image is
separated into color planes, the image is segmented into 64 x 64 blocks at the image
positions shown in Figure 9 (other image points can be measured).

Figure 9 — Relative illumination is a comparison of the average corner pixel value compared to the
center pixel value when imaging a source of uniform luminance.

Next, the average digital values obtained for each 64 x 64 block are put through the inverse
OECF (as measured previously) to determine the corresponding log exposure values. The

© 13A 2007 - All rights reserved 30



CPIQ 1.0 Test Metrics and Test Methods CPIQ Initiative Phase 1

antilog is taken to obtain exposure values, and the relative exposure values are calculated
as follows:

RI (%) = Corner avg value 100

Center avg value (5)
Color uniformity across the image is another important practical aspect of camera design.
Sensors used in mobile imaging devices often show uneven pixel response across the
sensor surface that varies by color plane and results in a hue shift across the image if not
electronically corrected as shown in Figure 10.

Figure 10 — Example of color nonuniformity in an image

There are two causes of color nonuniformity in camera phones. The first is variation in the
amount of light collected by each pixel as a function of color plane and image height across
the sensor. This issue is caused because the chief ray angle of the incident light cone varies
with image height, resulting in a variation of pixel vignetting across the image plane. The
second cause is due to infrared (IR) cutoff filter effects. The majority of IR cutoff filters used
in mobile imaging devices consist of thin-film interference filters. When light rays impinge
at an angle on such a filter, the cutoff wavelength of the filter shifts towards shorter
wavelengths. Because the angles of the light rays impinging upon the filter vary across the
image plane, the filter response shifts, exacerbating the color nonuniformity seen in mobile
imaging devices. For these reasons, it is important to measure the color nonuniformity so
that it can be electronically corrected.

The method used to evaluate color nonuniformity is very similar to the method used to
evaluate vignetting. An image of a uniform neutral scene (such as a light box) is acquired
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(after linearizing the data with inverse OECF). If necessary, off-axis features can be added
to the scene to allow the camera to focus. The analysis may be performed by separating the
three color planes into the red (R), green (G), and blue (B) channels. Ratios of the R/G, B/G
and R/B channels are formed and then plotted as contours of constant color balance. Each
color plane is low-pass filtered to reduce the noise before the contour is plotted. An
example of the output is shown in Figure 11. There are a number of different methods to
calculate color nonuniformity, and the calculations will be described in a future document.

Figure 11 — Examples of contour plots of color shading.
The plot on the top shows a measurement of uncorrected color shading, while the plot on the
bottom shows a measurement of corrected color shading.
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5.1.5 Objective camera flare test example

Camera flare is the additive contribution to focal plane illuminance from light that is
scattered in the image forming process, and internally reflected within the camera. It is
more apparent when there are large, extended sources of high brightness within the imaged
scene. The impact of flare is to reduce the overall contrast of an image. It occurs to varying
degrees in all images, producing an increase in the apparent luminance of all objects within
the scene. Perceptually, flare more significantly affects the dark areas of the image because
it makes up a larger proportion of the exposure in these regions. Flare is also locally
varying within the image, and can even form patterns; however, from a practical standpoint
only the average flare is typically determined.

OECF with Optical Flare

300

250

Flare %: 5
Averge scene Ref: 50%0

200

0% flare
i w/ 5% flare —

150 |

100

50

0 0.5 1 1.5 2 2.5
Target Step Density

Figure 12 — Effect of camera flare on scene-dependent OECF

Note the lower contrast, the mid-gray exposure and the loss of black. While the OECF is
scene-dependent, the measurement of the OECF in the absence of flare and the
measurement of the percentage of camera flare will permit the calculation of the operative
OECF for certain categories of scenes — high key, low key, etc. For more information, ISO
9358 [11] should be consulted.
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The measurement of camera flare generally consists of imaging a device in which a target is
front-illuminated with diffuse light. The target contains a black light trap that is designed
so that in the absence of flare no light should escape. The percentage of flare light is
estimated by determining the digital value of the pixels corresponding to the image of the
light trap. A sample apparatus is shown in Figure 13:

Diffuse reflecting
surface

Light Trap

Black absorbing
cavity
Black hole

777777777777777777777777777777777777777777 Camera
Lens axis under test

Lamp

Integrating box

Figure 13 — Apparatus for measurement of camera flare

5.1.6 Obijective white point color balance test example

Test metrics for characterizing a camera phone’s auto white balance (AWB) performance
bear a number of similarities to those for measuring exposure. Like exposure, the
preferred white balance of an image is ultimately subjective, but objective metrics can be
applied to obtain a rough performance estimate. Similar to the proposal for characterizing
exposure performance, the proposed test protocol measures the AWB performance under
restricted conditions.
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The human visual system exhibits the ability to compensate to some extent for the color of
illumination that exists in the scene: the color perception of a surface can remain constant
under a variety of lights even when large shifts in measured radiance occur. This property
is called color constancy and can be described in imaging using the concept of "adapted
white." One way to think of this conjecture is that the human visual system somehow
comes up with a balance point that dictates the perception of white and neutral parts of a
scene. Unfortunately, the visual mechanisms of color constancy are not yet understood;
modeling and explaining this effect remains one of the most interesting areas of color
research.

Images are viewed in environments in which the adapted white is often different than the
environment in which the image was taken. Thus any photographic system must balance
the image to compensate for this adapted white perception. The balance point chosen is
referred to as the "adopted white." Although preference is used in color rendering to gauge
properties such as tone, contrasts and color saturation, it plays a smaller role in the
determination of the adopted white. Indeed, having the adopted white equal the adapted
white almost always results in higher image quality — unfortunately, this condition remains
rather elusive to automatic algorithms.

The problem of defining test metrics for measuring the ability of the camera phone to
produce a preferred white balance is complicated by the observer basing his/her subjective
judgment on the rendering of the array of memory colors in the image.

After selection of the scene adopted white (in camera coordinates), it is necessary to
perform the white balancing. This is typically done by multiplying the color channel data by
factors to result in equal RGB digital code values for neutrals. In the case of adopted white
luminance normalization, these factors will also scale the adopted white luminance to the
designated values for the scene-referred encoding. The effect of this common practice is to
perform the white balancing in camera device space.

The proposed test metrics thus are chosen to determine the extent to which the
normalization is robust under differences in illumination and scene composition. The
proposed testing is intended to identify effects due to the failure of the "gray world"
algorithm. A well known example of the gray world failure is the "baby on the red rug"
scene, which, when corrected using the gray world assumption, shifts the red towards gray
and the baby towards green (appearing sickly).

Like the test metrics for exposure, the proposed test metric for AWB is a measurement of
neutral reflective patches under variable illuminants and scene composition.
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CPIQ Phase 1 proposes that auto white balance be tested in a number of ways. Objective
measurements can be obtained using a set of standard scenes and illumination conditions
that are designed to stress the simplest algorithms. These scenes are designed to depict
real-world scenes that help distinguish between robust AWB implementations that lead to
high image quality, and less sophisticated methods that will often fail or give mediocre
image quality.

Macbeth color checker is illuminated with a range of illuminants:

llluminant Designation Correlated Color

Temperature (°K)
Source 1 Daylight 5000 - 5500
Source 2 Overcast/Open Shade 6500 - 7500
Source 3 Daylight Simulation 5000 - 6500
Source 4 Fluorescent 3200 - 4800
Source 5 Incandescent 2850 - 3050

Table 3 — Illumination sources for testing auto white balance

The Macbeth target is photographed against neutral background to simulate the "gray
world." In order to simulate scenes exhibiting gray world failure, one of a number of paper
or card targets of various colors approximately the same size as the Macbeth color checker
is included in the scene. See Figure 14:

Figure 14 — AWB test with color card

Images are taken with all auto default settings, auto AWB ON and auto Exposure ON.

The resulting images can be visually inspected and colorimetric measurements of the
neutral patches made from each image. See Figure 15, which follows.
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Figure 15 — Comparison of the Macbeth color checker in "gray world" and non-"gray world"
scenes

Lastly, a series of real-world scenes including the Macbeth target should be photographed
with the same camera settings.

5.2 Subjective test metrics and test methods

The subjective evaluation of image quality is often applied in anecdotal fashion that is not
based upon well-founded measurements. A primary goal of the CPIQ Initiative is to
examine techniques for the quantitative assessment of image quality. Image quality is at its
root a psychological response to viewing an image and is subjective in nature. It can be
measured and quantified. The subjective evaluation of image quality is based on the
practice of using human subjects to make measurements (psychometrics) and draws on
over a century of research in the study of human responses to physical stimuli
(psychophysics) [2,8].
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The purpose for performing subjective evaluations in the context of measuring camera
phone image quality is not to find out what any particular individual thinks of an image or
set of images. Rather it is to predict how a particular population will respond to the quality
of various images. Thus, subjective image quality assessment relies on the statistical
design of experiments and recognition of the fact that diversity in opinions and preferences
in any group is normal and represents one of several sources of uncertainty in the
measurement process. Although measurements based on human judgments may seem
noisy, arbitrary or unreliable to some, many decades of research in academic, industrial and
government laboratories have produced processes and procedures for image quality
measurements that support product development, system qualification, specification
setting, competitive benchmarking, market analysis, and other needs where critical business
decisions depend on the credibility of the test measurements.

Test techniques for subjective evaluation of image quality should be easy to implement and
should report information in a form that is easy to understand. The following sections will
survey techniques for testing subjective (Section 5.2.1) image quality and a simple reporting
format (Section 5.2.2).

5.2.1 General comments regarding the subjective measurement of
image attributes

When a human observer views an image, a series of psychological responses is evoked,
ranging from pleasure to distaste. These responses grow out of the physical and biological
processing of the image information and the observer’s psychological processing of that
information. This is in contrast to physical measurements performed on that image by
some instrument. The human observer is not performing a measurement on the image but
is responding to it. Those psychological responses can be quantified, and the resulting
measurements are referred to as subjective measurements of the human response to that
image. These subjective measurements can be used to quantify the psychophysical
response to complex visual phenomena such as the overall quality of the image, or more
directed attributes such as sharpness, graininess, color rendition, etc.

That the observer has a psychological response to viewing images is a consequence of
technical features of an image and also of:

* The observer’s ability to render a precise judgment in a repeatable manner;
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* The observer’s expectations as to what content is contained in the image. These
expectations will be largely determined by the observer’s experiences. For example, the
observer expects that certain detail, such as hair, is individuated;

* The observer’s preferences regarding elements contained in the image. The preferred
rendition of skin tones may vary with different populations;

* The content of an image. A subject with a threatening demeanor will leave the viewer
with a negative response without regard to the technical rendition of the image;

* The expected utilization of the image. A curator of a photographic collection will
respond differently to images than will the parent looking for images to post on the
refrigerator;

* The conditions under which the images are displayed and viewed.

Psychological responses depend upon the individual observer, upon the image content and
upon the desired end use of the image. This implies that there is no single value that can
be ascribed to the particular observer’s psychological response. Subjective measurements
thus rest on the realization that the psychological responses of observers are at root
statistical measurements. The subjective assessment of a visual stimulus must be described
as a statistical distribution taken over a pool of observers, and the resulting panel of
observers is often described as a Standard Observer, characterized by a normal distribution
of responses about the mean response with a dispersion given by the standard error of the
mean sample population. The application of the Standard Observer construct to the
subjective measurement of image stimuli must be considered to be linked to the structure
of the test design, since the psychological responses depend upon image content and the
prescribed utilization of the images. Test design will involve a statistical sampling of
images and image content that is consistent with the design utilization. Without a
consistent and relevant test design and without a panel of observers sufficiently large to
ensure statistically reliable data, subjective measurements will not be reproducible.

It is with the realization that image content and image utilization play a major role in
determining the subjective responses to image attributes that Section 4 discussed the
characterization of the consumer experience. The consumer experience is not static nor is
it relevant to be described as a single experience — the camera phone users who practice a
form of the "lomography aesthetic" ("don’t think, shoot images and shoot often") should not
be considered to represent the users who look to their camera phone as a replacement for
their DSC. One should not expect that there is a single subjective measurement of image
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attributes that will cover both populations. CPIQ suggests that rather than a single test
design for measuring subjective attributes, the test design should represent the statistical
sampling consistent with any given consumer population.

The means for determining subjective attributes will depend upon the ultimate consumer
for the information. Technical personnel who are responsible for making design decisions
and implementations will desire specific knowledge of specific attributes and often a
comparative analysis of alternative technologies. Marketing and project management will
require knowledge of the system’s overall performance. Given the non-linear manner in
which image attributes combine, those responsible for system optimization will want to
determine image attributes that combine more than a single attribute. These different
goals will affect the choice of attributes to be tested, the degree of precision required and
the reporting system.

Many subjective measurements involve the comparison of images. The techniques
(discussed below) simply describe different protocols for making the comparisons. Each of
the techniques can be considered to place each individual image on a ruler defined by a set
of references that may be either explicit (actual images representing a set of image
attributes or a degree of a given attribute) or implicit (a set of categorical adjectives or a
ratio representing a relative distance from a single reference image). Each technique is
characterized by a trade-off between the number of observations required and the required
number of observers. The results of the comparisons yield an ordinal scale representing
the relative placement of the images. Each of the techniques will have statistical methods
for reducing the ordinal scale to an interval scale to assign a numerical value to each image.

Integral to the choice of technique for subjective measurement is the need to define the
context in which the subjective judgments are to be made: types of images, display
conditions, viewing conditions and the delineation of the expected usage of the image. Any
system of reporting the results of a subjective testing should explicitly reference the
context in which the attribute(s) have been evaluated. For example, the subjective
sensitivity to image sharpness will be different for images viewed on a laptop display than
for images printed on a high quality photo printer.

5.2.2 Subjective test techniques

The measurement of subjective attributes has a long history in fields of perception. One
early application is found in Stevens’ [2] determination of the perception of brightness.
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Bartleson and Keelan [2] provide a summary of the early work in this field. The intent of this
section is to review the most commonly utilized techniques and to recommend techniques
best suited to the goals of the CPIQ. Commonly used techniques for image quality testing
include: paired comparison, anchored scaling, a special case of which is image ruler
measurement, rank ordering, category scaling and magnitude estimation.

It may seem counter-intuitive, but the imprecision of the observation process is necessary
for the construction of scales of subjective attributes. If two stimuli were viewed to be
different by a panel of observers and all observers agreed upon the direction of difference,
all that could be inferred from the responses is the rank order of the two stimuli. No
estimation of the psychological distance between them can be determined. It is the
inherent dispersion in the observational process that allows the determination of "just
noticeable difference" (jnd) and the construction of measurable distances in terms of #jnds.
Common to all of the following techniques is the notion of a standard observer determined
by the statistics of a panel of observers charged with a specific observational task. The
following brief description of test techniques draws heavily on Part 1 of /SO 20462-1:
Psychophysical experimental methods to estimate image quality — Part 1 Overview of
psychophysical elements [5].

= Paired Comparison: The most sensitive technique regularly used for visual psychometric

studies is forced-choice paired comparison. In paired comparison testing, the observer
is shown images two at a time and asked to choose which exhibits greater or lesser
image quality or an attribute stated in the instruction set. Standard analysis routines
exist that can reduce the data to an interval scale. The high sensitivity of this
methodology comes at the price of high resource demand and limited range of
applicability. Because every image must be compared with every other image in the test
suite, the number of observations required grows rapidly with the number of samples.
For N samples, the observer must make observations.

#obs=le71n :M (6)

Thus for five, 10 or 15 images to test, there will be 10, 45 or 105 image pairs,
respectively, to be judged. For this reason, paired comparison tests are usually limited
to relatively small sample sets. This methodology is also limited to very small ranges of
image quality. If the stimuli differences exceed ~1.5 jnd in magnitude, then the
comparisons are likely to result in unanimous judgments, and the magnitude of the
stimulus difference cannot be determined.
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= Anchored Image Scaling: This is an image evaluation technique based on comparison to
a fixed reference. One or more anchor images serve as reference points along an
imaginary image quality scale. In its simplest form, there is a single anchor image to
which each test image is compared. The reference could be an image that has been
identified through other means as representing some benchmark along an image quality
continuum. It might be at a threshold of acceptability, or from some high-end
professional equipment and thus represent an image quality "stretch" goal for an
inexpensive consumer camera. Each test image is paired with the anchor and the
observer indicates a preference for one or the other. In this form, the technique has the
same limitation on the range of sample differences as the paired-comparison method.

A variation on the reference standard technique that expands the quality range is to
have the observers indicate to what degree they prefer one image over the other. This is
a categorical test where the magnitude of preference might be shown as slight,
moderate or strong, for example. A further refinement of this approach is to use the
Borg CR107 Category-Ratio scale modified specifically for visual perception studies.
Numbers are assigned to the categories in such a way that linear statistics are used for
the data analysis.

Another variation on the reference standard methodology is to use multiple anchors
carefully selected at approximately equal perceptual intervals in the image quality range
of interest. The observer’s task is to compare each test image to the anchor set and
indicate whether it is comparable to one of the anchors, or falls between two adjacent
anchors. The data collection software generally provides for at least three choices in the
interval; e.g., closer to anchor C, halfway between anchors C and D, or closer to anchor
D. Multi-anchor scaling allows for as large a range of image quality as needed for any
particular application by choosing anchors that include the expected extremes.

An advantage of anchored scaling is that the number of judgments required is equal to
the number of test samples. This works well for the situation where there are many
products to compare, each with several test images. The main disadvantage is that none
of the test samples is compared directly to any other test sample. Since the sample-to-
sample comparison is indirect, via the reference, the measurement error is larger than
for direct comparisons. Another disadvantage is that good anchor images may be
difficult to produce and verify.

Image quality rulers represent a specific implementation of multi-anchor scaling as
adopted by /SO 20462-1. Photography — Psychophysical experimental methods to
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estimate image quality — Part 1. Overview of psychophysical elements. This standard
involves elaborately constructed image anchor scales varying a single photo attribute at
a time in very small increments, and is impractical for use with camera phone imagery.

» Rank Ordering: Perhaps the easiest photo print evaluation to conduct and understand is
a ranking. A number of test samples are presented together to an observer who is
instructed to rank them from best to worst. The order is recorded, the samples
reshuffled, and the next observer performs the same task. The complications arise,
however, when it comes to the analysis, because rank data is from an ordinal scale. That
is, the values indicate only the order of finish, but provide no information about the
spacing between finishers. In general, it is inappropriate to apply parametric statistics
to ordinal data. However, as the number of observers increases (20 minimum, 30 or
more recommended) an interval scale can be derived from the rank order scores if the
rank order test is treated as multiple paired comparisons performed at the same time.

There are other problems with ranking photo prints, and one of the most deceptive can
occur when one of the quality attributes influencing observers has an optimum setting
somewhere between the extremes. For example, most people agree that the contrast of
an image should be neither too low nor too high. However, if a set of prints that varies
primarily in contrast is placed in a rank order evaluation, and if the highest contrast
samples are not too extreme, then the results can look more like a contrast scale than a
quality scale. In an actual test of this type, when the first ranked sample was later paired
with the third or forth ranked in isolation, the lower ranked prints were overwhelmingly
preferred over the first ranked. Because this kind of confusion can occur in rank order
tests, the results should always be checked to see if they make sense.

= Triplet Comparison: Triplet comparisons may take various forms, but always involve
making a judgment on subsets of three images taken from a larger test image set. An
observer might be asked to identify the two samples that are most similar (or most
dissimilar) with respect to a specific attribute. Keelan and Urabe [8] described using a
triplet comparison technique to reduce the time required for a paired-comparison
evaluation, while improving the quality of the data over that from a rank order
evaluation. The restrictions on the range of image quality and the number of test
samples still apply, however; thus, triplet comparison is not a good choice for general
use with camera phone imagery.

* Magnitude Estimation: Magnitude estimation is used to establish a scaling of an image
property relative to a fixed reference sample, which is assigned an arbitrary numerical
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value. The observer is instructed to give a value twice as high (as the reference) if the
stimulus is judged to be twice as good in quality, half as high if half as good. The
resulting scale is a ratio scale, not an interval scale.

= (Category Scaling: Category scaling uses a series of categories, labeled in a logical

sequence, to create a structure for rating images. The images can be judged on the
basis of a specific attribute, or on overall quality, depending on the objectives of the
evaluation. There can be as few as two categories, for example, "acceptable" and "not
acceptable," though five to 10 categories is more typical. Zwick proposed the following
six category descriptors:

- Not worth keeping
- Poor

- Fair

- Good

- Very good

Excellent

When using adjectives as the referents, the adjectives may be as few as acceptable/not
acceptable or more finely nuanced. See Figure 16.

Ex lent
Veryl good

acceptable good

fair

poor
unacceptable

Very poor

Figure 16 — Category scaling descriptors

These categories were demonstrated to be psychologically equidistant from each other
and provided the boundaries for scaling of image attributes. Efforts will be needed to
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find and qualify alternative category descriptors for non-English speaking applications.
Kodak has used these category descriptors for the past 20-plus years. Polaroid has
employed the same set of descriptors for its subjective scaling with one substitution:
replacing "not worth keeping" with "very poor." These descriptors have the added
advantage of being easily communicated to non-technical management, unlike the "50%
jnds of quality" results.

While category scaling can be very precise with large numbers of observers and careful
instructions, it is no surprise that what two randomly selected individuals consider to be
good image quality might differ considerably. To address this, a hybrid, anchored
category scaling system can be used. It has been shown that the category scaling
process is robust up to a linear transformation of the interval scale. If a small subset of
anchor images, representing the extremes of the expected range of the attribute being
tested, is included in every test, then one can determine the linear transformation
required to maintain a stable scale. The anchor images serve to acquaint the observer
with the range of the tested attribute; by maintaining a fixed range of stimuli over all
tests, then consistency between tests is maintained. One way to introduce the anchor
images to the observer without biasing his or her judgments is to conduct a small
subtest involving a subset of the tested images, including the anchor images, in an
acceptance test. The responses from this subtest do not need to be kept, since its
purpose is to establish in the viewer’s mind the range of stimuli.

In order to maintain consistency between various tests and test methods, care must be
taken to document the context in which the subjective measurements are made:

» |mage Suites: Images are to be obtained from imaging conditions compatible with the
established distribution of camera phone usage (photospace distribution — PSD). Based
on the expected usage of the camera phone, the sampling of images should be done in
concordance with the clusters in the measured photospace distribution. Test images
should be chosen such that the scenes sample a range of dynamic range, color
saturation and contrast conditions. If images are obtained from a different sampling,
then the results are to be weighted in accordance with the expected usage pattern.

The acquisition of test images for subjective testing of camera phone and camera phone
components introduces significant challenges as compared to image test suites for
printer testing. For digital still cameras or camera phones, the test images are defined
not by digital files but by the scene, which makes the process dependent upon a
constant acquisition of new images. Because the scene content will of necessity vary, it
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will be difficult to establish consistent image suites in different locations or labs. Static
studio still life scenes are largely not representative of typical camera phone usage
patterns. Photographing high dynamic range transparency images may introduce
significant questions regarding scene rendering, both color and spatial rendering. Itis a
goal of subsequent phases of the CPIQ Initiative to develop a means of establishing a set
of source images that will be transferable between sites.

* Anchor Images: Anchor images must be representative of typical camera phone images,
with the exception of the higher anchors, which necessarily must exceed the quality of
today’s best camera phones by a sufficient margin to allow for future product
development. The quality of the lowest anchor will be determined by experimentation
with typical camera phone users to establish a quality level that is just "unacceptable."
Any lower-quality test images will automatically fall into the unacceptable category
where further differentiation is unnecessary. It is important that the bottom anchor not
reach too far down in the quality range, for that would force average quality images into
the top categories, or require non-uniform steps between categories to compensate. An
effective approach for generating a full set of anchor images is to start with a high
quality top anchor and systematically degrade it in steps to create the rest of the
anchors in that set. It is important that the characteristics being changed, e. g.,
contrast, sharpness, saturation, noise level, etc., all progress in a way that is consistent
with actual camera phone imagery of various quality levels. There are alternatives to this
approach, but an advantage of having the same scene content throughout the anchor set
is that it simplifies the observer task.

Different anchor image sets will be required for each of several image types that will
represent a sampling of common subjects and points in the photospace distribution.
For example, one of the common image types might be described as "Three individuals
standing together, two-meter distance from camera phone, indoors, 50 Lux," and there
would be a corresponding set of anchor images fitting that description. The anchor
image sets will be created and provided in electronic form as part of the subjective test
standard.

» Viewing Conditions: The viewing environment should be consistent with the expected
image utilization as discussed in Section 4.1. If the images are viewed in soft copy, the
display should be chosen such that it produces no known degradation to the images
beyond that imposed by the restricted resolution. Specific recommendations for viewing
environments should be drawn from the applicable ISO standards.
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Image Utilization: The expected utilization of the images will affect the subjective
response of the viewer. As a consequence, the choice of how to frame the viewing task
should be left to the individual application. One should not expect that results from
different applications will be comparable. However, the conditions should be an integral

part of the reported results.

The choice of subjective test methodology will be made depending upon the specific
application, the intended audience and the available resources. While the subjective test
methods described in ISO 20462 are intended to be of the highest rigor, the great extent
of the resources needed to fully implement them for routine subjective testing has the
consequence that they are rarely applied. It is the hope that, by proposing a series of
test methodologies, implementation of subjective testing will reach a broader audience.

Statistical analyses of subjective testing methodologies are often specific to the
individual methodology, are well established in the literature and will not be discussed in
detail in Phase 1.0.

5.2.3 Category scaling: examples of reporting systems

There are a number of ways to report the results of category scaling. This section will
highlight a couple of examples as contributions towards the future overall CPIQ rating
system.

Category scaling, when the results are reduced to an interval scale, will yield a distribution
of image scores from which any commonly used statistical moment can be extracted: mean
score, median score and percentile score. Since the attribute descriptors were chosen to
elicit a subjective response that was transparent to observers, the simplest and most easily
understood report is to give the percentage of images that fall in each descriptive category.

An example is shown in Figure 17.
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Attribute Performance

0.9
0.8
0.7
0.6
0.5
0.4
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0.2
0.1 Poor Fair
0 i
1Q

Very Good

Excellent

Figure 17 — Report format for overall image quality

Experience has shown that this mode of reporting of category scaling test results is very
effective and comprehensive to novice users.

Furthermore, we can relate these test results to the major use cases of camera phones
identified in photospace. To illustrate this, we just describe the acceptable fraction of
images in each cluster:

35%

15%

Cluster: 1. 2. 3. 4,

Figure 18 — Report format for scene-dependent image quality. Bars represent % of pictures
acceptable.

In Figure 18, thumbnail images are used to illustrate images typical of the photospace
cluster. This system of reporting will furnish a characterization of the performance of the
imaging system under the conditions that the user will likely experience.
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The reporting of individual system attributes is more problematic, due to the tendency of
most consumers to assume that the overall quality is some average of the individual
attribute qualities. It is well known that for complex images the individual attributes
combine in a very non-linear manner. The overall quality is largely determined by the worst
individual attribute. Improving the other attributes has a minimal effect on the overall
impression of quality. In many imaging systems the behavior of individual system attributes
varies over the photospace. For example, many camera phones have fixed-focus optics.
Thus, sharpness will vary as a function of subject distance, so that a single assessment of
sharpness quality may or may not be predictive of overall image quality, depending upon
the other attributes.

5.2.4 Subjective evaluation of color rendering

The subjective test methodology for measuring overall image quality for camera phones is
described in Section 5.2.2. An anchored categorical scaling technique is used because it is
appropriate for scaling relatively large numbers of images at a time (up to 75) and can
accommodate a wide range of image quality in the test samples. While it might seem that
color rendering could be evaluated on the same overall 1Q scale, an entirely different
method is recommended for two reasons:

1. Anchored categorical scaling lacks the precision needed to judge subtle differences in
color rendering algorithms, and

2. Test samples being evaluated must start with the same raw image capture before any
color rendering steps have been applied. It is poor strategy from a developer’s point of
view to base the success of a color rendering pipeline on a small set of anchor images.

The objective of color rendering algorithm development is to optimize the image quality for
the highest percentage of images captured by a specific camera module. Thus testing
involves comparing candidate algorithms on images captured by the same system
throughout the range of operating conditions for which the camera phone is designed. A
successful algorithm will not only compensate for any image degradations due to the optics
and electronics of the camera phone, but it will also be robust to manufacturing variation.

In general, there are two types of questions to be answered by color rendering testing:

1. Which of several algorithms is the best?
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