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Image quality wheel

Toni Virtanen, * Mikko Nuutinen, and Jukka Häkkinen
University of Helsinki, Faculty of Medicine, Department of Psychology and Logopedics, Helsinki, Finland

Abstract. We have collected a large dataset of subjective image quality“*nesses,” such as sharpness or color-
fulness. The dataset comes from seven studies and contains 39,415 quotations from 146 observers who have
evaluated 62 scenes either in print images or on display. We analyzed the subjective evaluations and formed
a hierarchical image quality attribute lexicon for *nesses, which is visualized as image quality wheel (IQ-Wheel).
Similar wheel diagrams for attributes have become industry standards in other sensory experience fields such as
flavor and fragrance sciences. The IQ-Wheel contains the frequency information of 68 attributes relating to
image quality. Only 20% of the attributes were positive, which agrees with previous findings showing a prefer-
ence for negative attributes in image quality evaluation. Our results also show that excluding physical attributes
of paper gloss, observers then use similar terminology when evaluating images with printed images or images
viewed on a display. IQ-Wheel can be used to guide the selection of scenes and distortions when designing
subjective experimental setups and creating image databases.© 2019 SPIE and IS&T [DOI: 10.1117/1.JEI.28.1.013015]
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1 Introduction
As image quality research can be seen as the subsection of
the highly multidisciplinary science of quality of experience
(QoE) consisting of the primary disciplines of vision science,
color, computational and behavioral sciences, discrepancies
in terminology, and variable definitions between fields
can become a problem. For example, QoE and image quality
are defined differently in various sources. In the Qualinet
white paper, QoE is defined as follows:“Quality of
Experience (QoE) is the degree of delight or annoyance
of the user of an application or service. It results from
the fulfillment of his or her expectations with respect to the
utility and/or enjoyment of the application or service in the
light of the user’s personality and current state.1” Whereas
the CPIQ phase 1 white paper states image quality to be the
perceptually weighted combination of all visually significant
attributes of an image when considered in its marketplace or
application,2 on the other hand Janssen and Blommaert
considered the quality of an image to be the degree to which
the image is both useful and natural,3 while Engeldrum
described image quality to be the integrated perception of
the overall degree of excellence of an image,4 and Keelan
characterized image quality as the impression of its merit
or excellence, as perceived by an observer neither associated
with the act of photography nor closely involved with
the subject matter depicted.5 The variation in definitions
not only reflects various time periods and application areas
but also shows that context and research area affect the
definition. A common feature of image quality definitions is
the idea to conceptualize image quality as a combination of
“*nesses” such as sharpness and colorfulness. The *nesses
are weighted and summed to create the overall model of
image quality.6–8

To facilitate communication and understanding between
professionals in various fields of image quality as well as

nonprofessionals alike an image quality wheel (IQ-Wheel)
for the *nesses is presented. Reference wheels and terminol-
ogy lexicons have a long tradition in the sensory evaluation
fields such as taste sensory experience studies where they
are used to facilitate communication between interested
stakeholders.9–14 Wheels can also be useful in teaching
observers which attributes are related to each other.
Understanding that attributes can be related in a wider per-
spective can prevent disagreement on the definition of a par-
ticular attribute in panel discussions helping consensus flow
more naturally. It has also been noted that consumers tend to
prefer“negative” terms over“positive” while judging image
quality.6 This leads to the fact that image quality is often
judged solely on its weaknesses and not its strengths which
might be problematic for product development processes.
The proposed IQ-Wheel has both negative and positive
image attributes in a hierarchical and condensed form help-
ing observers to remember and consider all aspects of image
quality in their judgments.

It is also common practice when benchmarking products
or developing new solutions in image quality to test and
validate their impact and various aspects with end-users.
Various standards for image quality evaluation methods
have been presented15–18 but not much focus has been put
on how the various aspects of image quality are communi-
cated to the observers. Especially with nonprofessional
observers, it is important that they, too, understand the
terminology in the same way as imaging professionals.
If the observers do not have clear understanding about the
distortions they are asked to evaluate, they might focus on
areas in the image where the distortion is masked out and
thus underweight its effect on image quality. Studies have
also shown that the terminology nonprofessionals use when
evaluating image quality is not the same terminology what
engineers and experts use.19,20
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