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Some “semantic free” 
image quality definitions

• Image quality is the integrated set of perceptions of the 
overall degree of  excellence of an image (Engeldrum, 
2000).

• Image quality is understood as the subjective impression of 
how well image content is rendered or reproduced 
(Yendrikhovskij, 2002). 

• The quality of an image is defined to be an 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 (Keelan, 2002).
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Image quality definitions
• According to the International Imaging Industry Association 

[ 2007], image quality is The perceptually weighted 
combination of significant attributes (contrast, 
graininess,…) of an image when considered in its 
marketplace or application.
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Image quality definitions

• The quality of an image is its degree of adequacy to its 
function/goal within a specific application field.

– This definition does not see image quality per se, but 
considers that a lack of coincidence may exist between 
the acquired and the desired scenes. 

– This definition does not assume that the image receiver 
is a human but it could be a computational system 
moreover it makes more evident the relationship 
between the process of image generation and image 
quality assessment.
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Fidelity is the degree of apparent match of the 
acquired/reproduced images with the original. Genuineness or 
Faithfulness are sometimes used as synonymous.   
Usefulness is the degree of apparent suitability of the 
acquired/reproduced image with respect to a specific task. 
Naturalness is the degree of apparent match of the 
acquired/reproduced images with viewer’s internal references. 

FUN: a Visual Quality Model

Yendrikhovskij, 1999
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Perceived Visual Quality 
Vs. fidelity

Suppose that you want to create a 
catalogue of a famous (therefore 
very expansive) Italian stylist. 
Fidelity  should be as high as 
possible. 

The rendering of shape and texture 
can be difficult. 
Color rendering can be extremely 
difficult. 

Fidelity is the degree of apparent match of the 
acquired/reproduced images with the original.
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Perceived Visual Quality 
Vs. fidelity
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Color fidelity is obviously related but it is not always predictive 
of image quality.

The first image is faithful to the original scene.
The second is less faithful but it may more attractive to an 
averaged observer.

Perceived Visual Quality 
Vs. fidelity
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Perceived Visual Quality 
Vs. Naturalness

Which image is synthesized ?
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Perceived Visual Quality 
Vs. Naturalness

These three images have different degree of Naturalness.
Suppose I have just changed the color of 
the t-shirt, ….

Naturalness is the degree of apparent match of the 
acquired/reproduced images with viewer’s internal references.
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Perceived Visual Quality 
Vs. usefulness

Supposing that the task is people recognition, the two images 
have the same degree fidelity and naturalness, but different 
degree of usefulness for human and computer-based 
recognition

Usefulness is the degree of apparent suitability of the 
acquired/reproduced image with respect to a specific 
task.



12

Perceived Visual Quality 
Vs. usefulness

Task: understand the rules of parking. 
The image on the left has been captured during a foggy day, and 
it is has been processed using an image processing algorithm. 
The second image may be more useful than the first one 
(averaged observer).
Background noise may go unnoticed, it is not irrelevant w.r.t. the 
task.   
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Perceived Visual Quality. 
quality dimension trade-off 

http://www.cs.technion.ac.il/~gip/projects/s2002/Zvi_Devir/images/examples/org-large.png
http://www.cs.technion.ac.il/~gip/projects/s2002/Zvi_Devir/images/examples/fix-large.png
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FUN: a Visual Quality Model

The above introduced quality dimensions are not 
independent. The overall image quality may be considered 
as a weighted combination. The weights depend on the 
specific image data type, and on its function/goal within a 
specific application field. 

MacDonald, 2002

NATURALNESS

FIDELITY

USEFULNESS

Fine Arts

Holidays Pictures

Virtual Reality

Medical Images

Facial Images
Fingerprints

Advertisement

Landsat Images



15

If there is not an intrinsic image quality, what sources of 
information are exploited to evaluate it? 

Four main sources:
– Knowledge about image acquired (i.e. the original as a 

reference). Not always available.
– Knowledge about the imaging process, i.e. about the 

distortions introduced. Sometimes directly or indirectly 
available in the image metadata.        

– Knowledge about the human vision system. Limited and 
very difficult to model. 

– knowledge about how the image should look like. 
Application and observer dependant.

Image quality source of 
information
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Image quality assessment
• Assessment is usually done by one or more of the 

following direct methods:

– Psychophysical experiments involving human 
observers (subjective); 

– Computing suitable metrics directly from the digital 
image (objective). 

• Image quality can be sometimes indirectly assessed by

– Quantifying the performance of an image-based task 
done by the domain expert and/or by a computational 
system (objective). 

– Assessing the performance of the imaging/rendering 
devices on suitable set of target images using ad-hoc 
designed software tools one or more direct methods 
(objective/subjective).
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Subjective quality assessment
• Standardized procedures (ITU-R Rec. BT.500 (television), 

ITU-T Rec. P.910 (multimedia) for single and double stimuli 
(i.e. without a reference image, with a reference image). 

• Subjective quality assessment is very expensive: many 
observers, careful setup, time consuming,..
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Images Processing Images

Sender Receiver

FR Quality 
Measurement

Full reference information

Reference image quality

Full-reference (FR) metrics perform a direct comparison 
between the image under test and a reference or “original” in a 
properly defined image space.  
The requirement of the original  is a restriction on the usability 
of such metrics. Just image fidelity can be assessed. 
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Processing 

Sender Receiver

NR Quality 
Measurement

NR Quality 
Measurement

NO Reference image quality

We assume that image quality can be determined without a 
direct comparison between the original and processed image.
No-reference (NR) metrics look only at the image under test and 
have no need of reference information. 
In theory it possible to measure the quality of any visual content
(e.g. some attempts to quantify naturalness) 
Information about the application requirements and users’ 
preferences and/or task are required.

Images Images
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• Objective image quality aims to assess image quality 
automatically. 

• Any automatic procedure just provide numerical measures 
that should be correlated to human subjectively (or  to the 
application requirements) to be useful. 

Subjective vs. objective image 
quality assessment

Menegaz, 2006
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NO Reference image quality 
distortions vs. regular image content

These three images exhibit some blurriness. 
•How would you rate their quality ? 
•Can you explain the differences, if any ? 
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Reduced Reference Metrics

Images/Video Processing 

Sender Receiver

RR Quality 
Measurement

Reduced 
reference information

Feature 
Extraction

Reduced-reference (RR) metrics lie between these two No 
reference and Full Reference metrics. 
They extract a number of features from the reference image. The 
comparison with the image under test is then based only on 
those features that are precisely characterized.
Just image fidelity can be assessed.

Images/Video
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Task-dependent assessment

• Image quality can be indirectly assessed quantifying 
how the performance of an image-based task done by 
the domain expert and/or by a computational system. 

• For example:
– in the framework of medical imaging, an image is of 

good quality if the resulting diagnosis is correct. 
– In a biometrics system an image of a face is of good 

quality is the person can be reliable recognized. 
– In a OCR (Optical Character Recognition) system a 

scanned document is a good quality if all the words 
can be correctly interpreted. 

– …
• Do not think just in terms of recognition rate. Different 

errors may be weighted differently. 
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Indirect assessment by 
device quality assessment

Test targets used in the characterization of each museum’s 
digital camera system and imaging workflow.

For example, Berns et al. In the 
final report (2005) “Direct Digital 
Capture of Cultural Heritage – 
Benchmarking American Museum 
Practices and Defining Future 
Needs”
propose a set of TARGET-BASED 
ANALYSES for System Spatial 
Uniformity, Tone Reproduction, 
Color Reproduction Inaccuracy, 
Noise, Depth of Field and other 
more specific attributes.  They uses 
general purpose and ad-hoc targets 
and made the tests following 
available measurements ISO and 
IEC standards. 



25

Indirect assessment by 
Device quality assessment

The Camera Phone Image Quality 
(CPIQ) Initiative of the International 
Imaging Industry Association (I3A) 
suggest both that objective and 
subjective characterizations.

1. Objective characterization should include 
estimations of 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. 

2. Subjective characterization should be carried 
out using standardized image quality 
assessment methods.
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Imaging device (HW and SW) 
Image Processing  and transmission
Rendering device (HW and SW) 

Observer’s 
adaptation state 
and viewing 
conditions
Observers’ previous 
experiences, 
preferences and 
expectations, .. task 

Image quality is a function of …

Type of scene;
Scene geometry; 
Lighting conditions;
Specific content. 

http://images.google.it/imgres?imgurl=http://www.sovrasterzo.com/wp-content/gallery/bmw-serie-7/nuova-bmw-serie-7-fiancata.jpg&imgrefurl=http://www.sovrasterzo.com/marche/bmw/anteprima-e-foto-spia-nuova-bmw-serie-7-2009/&usg=__B1hdBtI6kgb7R27hFOZP5Js1ggE=&h=340&w=500&sz=25&hl=it&start=3&tbnid=raPpxorO3yAQiM:&tbnh=88&tbnw=130&prev=/images%3Fq%3DEI%2B2009%2Bspie%26gbv%3D2%26hl%3Dit%26sa%3DG
http://images.google.it/imgres?imgurl=http://www.photoshopessentials.com/images/photo-effects/watercolor-painting/watercolor-painting.jpg&imgrefurl=http://www.photoshopessentials.com/photo-effects/watercolor-painting/page-3.php&usg=__DQm3co83W1GJVolavN_c03qZDvM=&h=408&w=681&sz=89&hl=it&start=3&tbnid=D-RbPvsbWbX3dM:&tbnh=83&tbnw=139&prev=/images%3Fq%3Dpainting%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://w2.eff.org/Privacy/printers/test_sheets/test06-text.png&imgrefurl=http://www.eff.org/wp/investigating-machine-identification-code-technology-color-laser-printers&usg=__WoCu-zUFq6AubZIHQZafi9gnGSM=&h=6600&w=5100&sz=918&hl=it&start=7&tbnid=YemVql9C-tBQ0M:&tbnh=150&tbnw=116&prev=/images%3Fq%3Dtext%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://www.sony-cameras-slr.com/images/Sony%2520Cyber-shot%2520DSC-H9%2520Digital%2520Camera%2520black.jpg&imgrefurl=http://www.gadgetaddict.com/category/digital-camera-reviews/&usg=__wl57QjpiTKogEYsqo3FIB63ib2w=&h=369&w=500&sz=37&hl=it&start=15&tbnid=Bvr4pCbFwBgZgM:&tbnh=96&tbnw=130&prev=/images%3Fq%3Ddigital%2Bcamera%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://www.image-acquire.com/Sony_PMW-EX1_camcorder_lg.jpg&imgrefurl=http://www.image-acquire.com/sony/sony_displays_pmwex1_camcorder.html&usg=__oEyjWYVXVj9nReCk2jSrSA5sWS8=&h=768&w=980&sz=98&hl=it&start=1&tbnid=wLlbwRjo3ltcyM:&tbnh=117&tbnw=149&prev=/images%3Fq%3Dcamcorder%26gbv%3D2%26hl%3Dit%26sa%3DX
http://images.google.it/imgres?imgurl=http://www.netbanker.com/Images/scanner.jpg&imgrefurl=http://www.gianpierobruno.com/Scansioni_principi%2520base.html&usg=__B4lduK7dDioqusa8kVB_JtIRxK0=&h=501&w=747&sz=31&hl=it&start=5&tbnid=zVInC5JOQyc6MM:&tbnh=95&tbnw=141&prev=/images%3Fq%3Dscanner%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://www.photoshopessentials.com/images/photo-effects/watercolor-painting/watercolor-painting.jpg&imgrefurl=http://www.photoshopessentials.com/photo-effects/watercolor-painting/page-3.php&usg=__DQm3co83W1GJVolavN_c03qZDvM=&h=408&w=681&sz=89&hl=it&start=3&tbnid=D-RbPvsbWbX3dM:&tbnh=83&tbnw=139&prev=/images%3Fq%3Dpainting%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://www.photoshopessentials.com/images/photo-effects/watercolor-painting/watercolor-painting.jpg&imgrefurl=http://www.photoshopessentials.com/photo-effects/watercolor-painting/page-3.php&usg=__DQm3co83W1GJVolavN_c03qZDvM=&h=408&w=681&sz=89&hl=it&start=3&tbnid=D-RbPvsbWbX3dM:&tbnh=83&tbnw=139&prev=/images%3Fq%3Dpainting%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://www.photoshopessentials.com/images/photo-effects/watercolor-painting/watercolor-painting.jpg&imgrefurl=http://www.photoshopessentials.com/photo-effects/watercolor-painting/page-3.php&usg=__DQm3co83W1GJVolavN_c03qZDvM=&h=408&w=681&sz=89&hl=it&start=3&tbnid=D-RbPvsbWbX3dM:&tbnh=83&tbnw=139&prev=/images%3Fq%3Dpainting%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://www.photoshopessentials.com/images/photo-effects/watercolor-painting/watercolor-painting.jpg&imgrefurl=http://www.photoshopessentials.com/photo-effects/watercolor-painting/page-3.php&usg=__DQm3co83W1GJVolavN_c03qZDvM=&h=408&w=681&sz=89&hl=it&start=3&tbnid=D-RbPvsbWbX3dM:&tbnh=83&tbnw=139&prev=/images%3Fq%3Dpainting%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://www.photoshopessentials.com/images/photo-effects/watercolor-painting/watercolor-painting.jpg&imgrefurl=http://www.photoshopessentials.com/photo-effects/watercolor-painting/page-3.php&usg=__DQm3co83W1GJVolavN_c03qZDvM=&h=408&w=681&sz=89&hl=it&start=3&tbnid=D-RbPvsbWbX3dM:&tbnh=83&tbnw=139&prev=/images%3Fq%3Dpainting%26gbv%3D2%26hl%3Dit
http://images.google.it/imgres?imgurl=http://www1.istockphoto.com/file_thumbview_approve/3657070/2/istockphoto_3657070-computer-network.jpg&imgrefurl=http://www.robertomarchesani.net/2008/10/11/accendere-un-computer-da-remoto-e-possibile-con-wake-on-lan/&usg=__QOw4abDwcirTH5a7YrsN6ZIyK9Y=&h=346&w=380&sz=65&hl=it&start=39&um=1&tbnid=eD0vvnYwIl0C7M:&tbnh=112&tbnw=123&prev=/images%3Fq%3Dcomputer%26start%3D36%26ndsp%3D18%26um%3D1%26hl%3Dit%26sa%3DN
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Image quality is a function of …

Image quality evaluation should be conducted in a controlled 
environment. 

William Blake Archive

The viewing conditions have a significant influence on the 
appearance of an image or because they can amplify or 
diminish the visibility of artifacts. This is why all the 
standards for subjective quality assessment pay a 
particular attentions to this issue.

http://images.google.it/imgres?imgurl=http://www.photoshopessentials.com/images/photo-effects/watercolor-painting/watercolor-painting.jpg&imgrefurl=http://www.photoshopessentials.com/photo-effects/watercolor-painting/page-3.php&usg=__DQm3co83W1GJVolavN_c03qZDvM=&h=408&w=681&sz=89&hl=it&start=3&tbnid=D-RbPvsbWbX3dM:&tbnh=83&tbnw=139&prev=/images%3Fq%3Dpainting%26gbv%3D2%26hl%3Dit
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Example: Facial Image Quality

• The photograph must be in sharp focus and clear.
• The photograph must show your skin tones naturally.
• The photograph must have an appropriate brightness and contrast.
• The photograph must be color neutral.
• The photograph must show your eyes open and clearly visible (no hair across your 

eyes).
• The photograph must be taken with a plain light colored background.
• The photograph must be taken with uniform lighting and not show shadows or flash 

reflections on your face and no red eye effect.

Standard requirements for digital passports

We can note that some 
requirements refer to the scene (a 
plain light colored background,…), 
someone else to the lack of 
artifacts, others to naturalness,…
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a generic image workflow chain 

We may have a 
lack of 
coincidence 
between the 
acquired and the 
desired scene. 
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Media

Transmission 
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Image Completeness. “A digital image 
is complete is it depicts all the 
information it must convey”.
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The 
characteristics of 
the imaging 
devices have an 
obvious impact 
on the quality of 
the acquired 
images. 
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a generic image workflow chain 
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The metadata 
schema is usually set 
at the beginning of 
the digitalization 
stage and is based on 
application needs and 
the workflow 
requirements
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Unfortunately imaging device metadata may be wrong, 
modified or eliminated using software.

An example of 
wrong EXIF 
metadata

Quality of image metadata
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Image index

No unique standard. 

Standard DB and 
text data quality 
procedures can be 
applied. 

Content based 
image indexing?   
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Image quality assessment in the 
information systems life cycle

Rendering gap 
may be due to 
the HW/SW 
rendering 
devices, to the 
observers and to 
the viewing 
conditions.   
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Conclusions

Image quality in multimedia applications is addressable by an integrated 
set of tools including:
-Image quality tools (full reference, no reference,…).
-Image analysis  / pattern recognition tools.
-DB and textual image quality tools. 
-Open issues: so many…
-ER 2008 Tutorial: Quality of Data, Textual Information and Images: a 
comparative survey, by C. Batini, F. Cabitza, G. Pasi, and R. Schettini.  
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Thank you!
Visit our website www.ivl.disco.unimib.it

for contact, or updated information

http://www.disco.unimib.it/ivl/
http://www.disco.unimib.it/
http://www.unimib.it/


37

ProcessingProcessingValidationValidation

Face recognizable?
Law compliant?

Biometric IR System

FRUITIONDATA PROCESSING & STORAGEDATA ACQUISITION

To storage To storage

Image enhancement
Image Cropping
Biometric Features 
Extraction

FeaturesFeaturesIdentityIdentityControlled environment

To storage

MetadataMetadata
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ProcessingProcessingValidationValidation

Fidelity
Completeness
Semantic rules

FRUITIONDATA PROCESSING & STORAGEDATA ACQUISITION

To storage To storage To storage

Compression
Format change
Enhancements

Rendering rulesRendering rulesAnnotationsAnnotationsDevice ProfilesDevice ProfilesFull / partial controlled environment

Transmission 
Media

Transmission 
Media
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ProcessingProcessing

FRUITIONDATA PROCESSING & STORAGEDATA ACQUISITION

To storage To storage

Image enhancement
Increase the appeal
Digital effects

????????????

Transmission 
Media

Transmission 
Media
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