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ABSTRACT: Measuring the perceived quality of printed images are important to assess the performance of printers and to
evaluate technology advancements. Image quality metrics have been proposed to objectively assess the quality of images,
and new metrics are continuously proposed. However, applying these metrics to printed images are not straightforward, since
they require a digital input. We present a new framework for applying image quality metrics to printed images, including
the transformation to a digital format, image registration, and the application of image quality metrics. Evaluation of image
quality metrics in the new framework showed that some metrics provide better results for certain quality attributes, which lead
to an investigation of the different quality attributes used in the evaluation of color prints. Based on a survey of the existing
literature and a psychophysical experiment, we identify and categorize existing image quality attributes to propose a reﬁned
selection of meaningful ones for the evaluation of color prints.
1 INTRODUCTION: When we print a digital image we get a physical copy of it, and this copy differs from the digital original due to the limitations of the printing system. Furthermore, these differences can contribute to the loss of Image Quality
(IQ). One way to assess loss of IQ is by using human observers. However, subjective evaluation is often time-consuming,
inconvenient, resource demanding, and even expensive. In addition, observers are not objective, and their preference of IQ
may change over time. Objective evaluation of IQ can be used to avoid subjectivity and decrease the other drawbacks of
subjective evaluation. Many methods for objective IQ evaluation have been proposed, one of these is commonly referred to
as IQ metrics. Their goal is to automatically predict IQ, usually by incorporating several stages of processing to account for
speciﬁc issues. These metrics have been made for different purposes, such as to quantify a distortion or Quality Attribute
(QA) (for example sharpness or contrast), optimize a process or to indicate problem areas. An extensive number of metrics
have been proposed in the literature [1], and new metrics are introduced all the time. The goal of this paper is to propose a
method to use IQ metrics to evaluate color prints, and to investigate the QAs used in the evaluation of IQ.
This paper is organized as follows. First we propose a framework for using IQ metrics with printed images. Then we discuss
the use of QAs in the assessment of IQ, at last we conclude.
2 USING IMAGE QUALITY METRICS TO MEASURE THE QUALITY OF PRINTED IMAGES: Subjective assessment
of print quality is rather straightforward, where a group of observers can be asked about the quality of the printed image.
However, assessment of printed images by IQ metrics is not straightforward. The original image is of a digital format
and the printed image is of an analog format, because of this the printed image must be digitalized before we can carry
out IQ assessment with IQ metrics. In this section we discuss the transformation from a physical reproduction to a digital
reproduction with the goal of proposing a framework for using IQ metrics to evaluate the quality of color prints.

A few frameworks have been proposed in the literature for using IQ metrics on printed images. These frameworks follow
the same procedure; ﬁrst the printed image is scanned, sometimes followed by a descreening procedure to remove halftoning
patterns. Then image registration is performed to match the scanned image with the original. Finally, IQ metrics are applied.
The ﬁrst framework was proposed by Zhang et al. [2]. To start with the image is scanned, and then three additional scans
are performed, each with a different color ﬁlter. This results in enough information to transform the images correctly to
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CIEXYZ. No information about the image registration was given, nor on the descreening procedure. The applied IQ metric
was S-CIELAB [3], and the printed samples were color patches.

Another framework was proposed by Yanfang et al. [4]. Two control points are applied to the image before printing to help
in the registration process, one point to the upper left corner and one to the upper center. The images were scanned at 300
dpi before registration, where the control points are used for matching the printed image with the original. Descreening was
performed by the scanner at 230 lpi. No information was given regarding the scaling of the image. The applied IQ metric
was S-CIELAB [3].

Recently, Eerola et al. [5] proposed a new framework using local features instead of control points. The printed reproduction
is scanned, and then both the original and the reproduction go through a descreening procedure, which is performed using
a Gaussian low-pass ﬁlter. Further, image registration is carried out, where local features are used with a Scale-Invariant
Feature Transform (SIFT). A rand sample consensus principle (RANSAC) was used to ﬁnd the best homography. Scaling
was performed using bicubic interpolation. The images were scanned at 1250 dpi, and the applied IQ metric was LABMSE.
2.1 A framework based on control points: We modify and propose a framework similar to the framework by Yanfang et al.
[4], which performs image registration based on control points. These control points are used in the image registration to
perform different transformation procedures. First the image is padded with a white border and equipped with four control
points, which are placed outside the corners. Then the image is printed before being scanned, and the proﬁle of the scanner
is assigned in order to achieve a correct description of the colors. Analysis of different scanning resolutions show that 600
dpi is a good trade-off between accuracy and computational time. The next step in the framework is to ﬁnd the coordinates of
the center of the control points in both the original image and the scanned image. This is done by a simple automatic routine
based on the detection of squares.
Image registration must be carried since the scanned image can be affected by several geometric distortions, such as translation, scaling, and rotation. The coordinates of the control points, in both images, are used to create a transformation for
the registration. There are several possible transformation types for doing the registration, experimental results indicate that
a simple transformation correcting for translation, rotation, and scaling is the best. In addition, the interpolation method for
scaling also have several possible methods, and the results show that ”bilinear” interpolation is the best. After the scanned
image has been registered to match the original, a simple procedure is applied to remove the white padding and the control
points. Finally, an IQ metric can be used to calculate the quality of the printed image. An overview of the framework is
shown in Figure 1. In our modiﬁed framework we do not perform descreening, but we leave this to the IQ metrics in order
to avoid a double ﬁltering of the image. This requires the IQ metrics to perform some kind of simulation of the HVS, for
example spatial ﬁltering based on contrast sensitivity.
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Fig. 1 Overview of the proposed framework for using IQ metrics with printed images.
In order assess the performance of our framework we compare it to the one proposed by Eerola et al. [5]. Three different
images were used in the comparison, and the results show that the proposed framework based on control points introduces
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less error than the framework by Eerola et al. [5] based on local features. In addition the proposed framework is signiﬁcantly
faster.
2.2 Using the framework with image quality metrics: We have used the framework explained above to evaluate a set of
IQ metrics on images from a color workﬂow. 15 images were processed with two different source proﬁles, the sRGB v2
perceptual transform and the sRGB v4 perceptual transform. These were further processed with four different softwares for
obtaining the destination proﬁle. The images and the subjective results were obtained from Cardin [6], where 30 observers
participated in the experiment.
A set of IQ metrics, S-CIELAB [3], S-CIELAB with the improved contrast sensitivity function from Johnson and Fairchild
[7], S-DEE [8], and SHAME [9], were applied to evaluate the IQ of the printed images. Evaluation of the performance is done
by calculating the Pearson correlation coefﬁcient between the subjective score and the objective score. The results show that
all metrics have a very low correlation, approximately around zero, indicating that the IQ metrics cannot predict perceived
IQ. To verify these results we also used the evaluation method proposed by Pedersen and Hardeberg [10], where the rank of
each IQ metric is used as the basis for the analysis. The results from this method support the ﬁndings from the evaluation by
correlation.
Image wise evaluation by using correlation showed that some IQ metrics had a higher performance for images where certain
QAs occurred. Based on this the next natural step is to investigate QAs.
3 IMAGE QUALITY ATTRIBUTES: Evaluation of perceived IQ in color prints is a complex task, due to its subjectivity
and dimensionality. The perceived quality of an image is inﬂuenced by a number of different QAs, such as sharpness
and color. It is difﬁcult and complicated to evaluate the inﬂuence of all attributes on overall IQ, and their inﬂuence on
other attributes. Because of this the most important attributes should be identiﬁed in order to achieve a more efﬁcient and
manageable evaluation of IQ. Based on a survey of the existing literature and a psychophysical experiment, we identify and
categorize existing IQ attributes to propose a reﬁned selection of meaningful ones for the evaluation of color prints.

As a ﬁrst step towards a subset of the most relevant and important QAs, existing QAs must be identiﬁed. In order to do this
we have taken the approach of doing a survey of the existing literature. This survey resulted in a list of more than 45 different
QAs considered to inﬂuence IQ, such as sharpness, contrast, color, and artifacts. All of these QAs cannot be evaluated, and
therefore it is required to reduce them to a more manageable set. This was done based on the following criteria:
• they should be based on perception,
• they should account for technological printing issues,
• they should be general, not to exclude novice observers,
• they should be suitable for IQ metrics,
• they should create a link between objective and subjective IQ.
The existing sets of QAs do not fulﬁll all of these requirements, and therefore a new set of QAs is needed. Based on the
criteria above we have reduced the QAs found in the literature to the following six:
• Color contains aspects related to color, such as hue and saturation, except lightness.
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• Lightness is considered so perceptually important that it is beneﬁcial to separate it from color. Lightness will range
from ”light” to ”dark”.
• Contrast can be described as the perceived magnitude of visually meaningful differences, global and local, in lightness
and chromaticity within the image.
• Sharpness is related to the clarity of details and deﬁnition of edges.
• Artifacts, like noise and banding, contribute to degrading the quality of an image if detectable.
• The physical QA contains physical parameters that affect quality, such as paper properties and gloss.
We have turned to Venn diagrams to create a simple and intuitive illustration of
the QAs and their inﬂuence on overall IQ (Figure 2). Venn diagrams may be
used to show possible logical relations between a set of attributes. However, it
is not possible to create a simple Venn diagram with a six fold symmetry [11].
Therefore we illustrate the QAs using only ﬁve folds, leaving the physical QA
out. This does not mean that the physical QA is less important than the other
QAs.
3.1 Veriﬁcation of the quality attributes: A set of images was reproduced using the ICC perceptual rendering intent and investigated by 15 observers to
verify the proposed QAs, and to learn which QAs that observers use in the IQ
evaluation of a color workﬂow. In order for the observers to use a sufﬁciently
large set of QAs, a broad range of images, natural as well as test charts, were
used in order to reveal different quality issues. The instructions given to the
observers focused on the overall IQ rating of the reproduction, and which QAs
the observers used in their evaluation.
The results show that the observers used more than 50 QAs in the evaluation,
with an average of 10 different QAs for each observer. For each image an
average of 2.95 QAs were used, with a minimum of one and a maximum of
eight. All the QAs used by the observers were ﬁtted to the QAs proposed
above by using their deﬁnitions, as given in the bullet point list. The results
show that almost all of the QAs used by the observers can be ﬁtted within
the proposed QAs, where color is the most used QAs, followed by sharpness,
contrast, artifacts, and lightness.

Artifacts
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Color
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Fig. 2 Simple Venn ellipse diagram with
ﬁve folds used for an abstract illustration of
the QAs. Five different QAs and the interaction between these are shown. Overall IQ
can be inﬂuenced by one, two, three, four,
or ﬁve of the QAs.

4 CONCLUSION: We have investigated the use of IQ metrics to evaluate IQ of color prints. In order to do this we have
proposed a framework for the transformation of a printed image into a digital format for the application of IQ metrics. The
framework is based on control points, and outperforms a state of the art framework. Evaluation of IQ metrics with this
framework showed that they cannot predict perceived IQ, but that some metrics perform better for certain QAs. This led to
an investigation of the existing QAs in the literature, which was further used to propose a reﬁned set of meaningful QAs to
evaluating IQ of color prints.
Future work includes selection of appropriate IQ metrics for the different QAs, and evaluation of these IQ metrics.
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