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Abstract—Compression in medical images has the potential
to reduce costs in data transmission and storage in Picture
Archiving and Communications Systems (PACS). In this case,
the availability of adaptive schemes for codec tuning would be
worthwhile for maximising compression and, at the same time,
avoiding quality loss, considering the diagnostic value of such
images. However, ordinary visual quality metrics are not usually
developed considering this specific context. In this paper, we
present a system and a protocol for subjective data acquisition,
which aims at the modelling of the quality assessment criteria
applied by experts in the preliminary phase of a medical analysis.
The system is implemented by using Python/PsychoPy, and the
experimental protocol following ITU recommendations and cri-
teria defined in the European Guidelines on Quality Criteria for
Computed Tomography. Snapshots of the graphic user interface
are exhibited, but emphasis is given on the proposed experimental
procedure.

I. INTRODUCTION

Medical imaging technologies are increasingly important for
diagnosis and treatment of various pathologies, reinforcing the
demand for more effective methods of transmission and stor-
age of medicals images. At present, a huge volume of medical
images are produced every day in hospitals and radiological
centres, requiring larger storage facilities. In addition, if such
images need to be transmitted, the volume of data might be
an issue, considering eventual limitations of bandwidth in the
communication channel. The use of compression algorithms
might reduce both storage requirements and transmission time
of medical images, leading to decreasing costs concerning
implementation and operation of a Picture Archiving and
Communications System (PACS). When compared with the
lossless techniques, lossy compression algorithms provide
higher compression at the expense of signal fidelity. Note that
lossy algorithms can be adopted, since visual relevant infor-
mation is selected and preserved, in such a way to allow the
reconstructed image has the same diagnostic accuracy as the
original medical image. Aware of this context, the American
College of Radiology and National Equipment Manufacturers
Association (ACR/NEMA) establishes that lossy compression
schemes, such as JPEG, JPEG-LS, JPEG-2000 or MPEG, can
be used with DICOM images, in the condition of keeping
the same diagnostic accuracy or clinical quality [1]. The

ACR/NEMA coins the term diagnostically acceptable irre-
versible compression (DAIC) as mathematically irreversible
(lossy) compression that does not affect a particular diagnostic
task [2]. Currently, DAIC can be used by a qualified physician
to decrease the size of medical images without reduction
in their clinical diagnostic features. Thus, the visual quality
of medical images has a decisive role in diagnostic and
represents the main constraint to any kind of processing that
may be applied to such images. Although the clinical quality
assessment given by qualified physicians is the most reliable
way to evaluate the quality of medical images, such a method
is expensive and time consuming. Visual quality metrics would
be an interesting alternative as they are faster and can be
embedded in systems. However, automatic parameter deter-
mination of compression algorithms to the specific context
of medical images is difficult when using non specialised
visual quality metrics. This happens because visual quality
metrics are commonly developed from experiments whose
test images are composed of ordinary scenes (nature, people,
faces, animals, etc.), subjects are regular users (no experts
in medical images), and the procedure of evaluation is quite
different of those in clinical practice. There are few works
on the objective characterisation of the clinical or diagnostic
quality of medical images, among which we highlight [3]. In
this paper, we propose a system and an experimental protocol
for collecting subjective data on diagnostic quality of com-
pressed medical images, following ITU recommendations [4]
and criteria defined in the European Guidelines on Quality
Criteria for Computed Tomography [5]. The aim is to obtain
a database that can be used for comparing the performance of
visual quality metrics as well as supporting the development
of new metrics specific for medical images. The remainder
of this text are organized as follows. Section II presents
the quality criteria for medical images adopted in this work.
The windowing process for medical images are discussed in
Section III. Section IV shows the proposed methodology and
system. Conclusions are given in Section V.

II. QUALITY CRITERIA FOR DIAGNOSTIC IMAGES

In comparison with conventional radiology, the relative
complexity of settings in CT may adversely influence the



image quality. Optimal use of medical imaging technologies
with ionising radiation involves the following three important
aspects of the imaging process: diagnostic quality of the
image, radiation dose to the patient, and choice of examination
technique. In this context, the European Study Group of
Radiologists and Physicists conducted a study to investigate
overall principles associated with good imaging technique
and to define quality criteria for CT, which would result
in images with the necessary clinical information, keeping
radiation dose to the patient at a minimum for different
examination techniques. These quality criteria can be used
by radiologists, qualified medical physicists or radiologic
technologist as a checklist on routine evaluation of every
medical imaging process. Quality criteria are useful for the
prompt checking of the imaging quality, while the patient is
still in the scanner during acquisition procedure. However, the
same quality criteria cannot be applied to all examination
techniques because for certain clinical indications a lower
level of image quality may be acceptable. Then, for each
kind of CT examination, a list of quality criteria is given.
Diagnostic requirements are basically a list of visual criteria
which specifies important anatomical structures that must be
clear and well defined in a medical image to allow accurate
diagnosis. Thus, the assessment of a medical image quality
takes into account both the anatomy of the area under ex-
amination and the contrast between different tissues, being
the latter essential for the detection of pathological changes.
Such criteria for CT, in which the level of visualization or
critical reproduction of essential anatomical features are listed,
are defined in the European Guidelines on Quality Criteria
for Computed Tomography [5]. In Table I, we reproduce the
criteria regarding head CT images for different windowing
choices (soft tissue and bone), just to give a practical example.

III. WINDOWING

Windowing, in the context of diagnostic images, consists
in a pixel intensity transformation, where the range of actual
pixel values corresponding to the whole grey scale from white
and black is adjusted according to the anatomical structure of
interest (Fig. 1).

Two reasons justify the necessity of windowing for viewing
DICOM images. First, medical images have pixel depth greater
than 8 bits, requiring a mapping function to make pixel values
consistent with display device capability. Second, the choice
of windows with different values of centre and width allows
to emphasize different types of tissues. Air, water, bone and
soft tissue, for instance, have windows previously defined
according to the scale Hounsfield Unit (HU) [6]. In Fig. 2,
one can see two results after applying different windows to
the same DICOM image.

IV. PROPOSED SYSTEM AND PROTOCOL

The proposed system for collecting subjective clinical qual-
ity of compressed DICOM images was conceived taking into
account the criteria pointed out in [5]. A pilot experiment

TABLE I
QUALITY CRITERIA FOR HEAD COMPUTED TOMOGRAPHY EXAMS

Critical reproduction of Soft Tissue

1 | Visually sharp reproduction of the border between white and
grey matter

2 | Visually sharp reproduction of the basal ganglia

Visually sharp reproduction of the ventricular system

4 | Visually sharp reproduction of the cerebrospinal fluid space
around the mesencephalon

5 | Visually sharp reproduction of the cerebrospinal fluid space
over the brain

6 | Visually sharp reproduction of the great vessels and the
choroid plexuses after intravenous contrast media

Critical reproduction of Bone

—_

Visually sharp reproduction of the cortical and trabecular bone
structures

Visually sharp reproduction of the air filled compartments

Visually sharp reproduction of the sella turcica

Visually sharp reproduction of the cerebellar contours

| W]

Reproduction of the border between the white and grey matter
(cerebellum)

6 | Visually sharp reproduction of the cerebrospinal fluid space
around the brain stem

7 | Visually sharp reproduction of the great vessels and choroid
plexuses after intravenous contrast media
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Fig. 1. Example of a windowing function: p [HU], and O denote the
values of pixels before (in Hounsfield Units) and after windowing procedure,
respectively; the interval [0, L-1] represents the exhibition device range from
black to white.

was conceived to evaluate and improve the initial proposed
protocol. In this, the subject cannot modify the exhibited test
image, and instead of providing all slices produced by a given
exam, as it would be the case in a regular quality evaluation,
just some slices related to 2 previously chosen criteria (see
Table II) are used as original test images. Such criteria
were chosen because they were pointed out by the expert in
radiology of our research team as the most meaningful among
the others for head CT (Table I). In an actual diagnostic centre,
immediately after the acquisition step, either a technician
or a physician analyses specific parameters of the images
from an exam, such as degree of precision, and regularity of
boundaries between anatomical structures. Analysis of such
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Fig. 2. Results after windowing a DICOM image. Window centre and width
were set to emphasise (a) bone, and (b) soft tissue.

Data
acquisition

A R Starting R

Briefing > message

Fig. 3. Proposed experimental protocol.

aspects indicates whether medical images present artefacts,
noises or distortions that could prevent correct diagnosis. In
this case, the acquisition phase must be repeated. Otherwise,
those images are sent to the next stage, where anatomical
structures are evaluated and a corresponding clinical report
is written. Considering that clinical analysis is performed at
the same place or nearby acquisition premisses, no image
compression is really necessary. However, if the whole exam
needs to be, at some moment, either transmitted or stored,
image compression might play an important role. In order to be
useful, compression must not result in lost of clinical quality.
Python language was used in system implementation as well
as the open source application PsychoPy [7], [8], which has
several resources for the design and execution of experiments
in neuroscience, psychology and psychophysics. The designed
experimental protocol can be divided into the steps illustrated
in Fig. 3. First of all, some guidelines are presented, regarding

TABLE II
QUALITY CRITERIA USED FOR HEAD COMPUTED TOMOGRAPHY IMAGES

Critical reproduction of soft tissue
1 | Visually sharp reproduction of the border between white and
grey matter
2 | Visually sharp reproduction of the basal ganglia

Critical reproduction of bone

1 | Visually sharp reproduction of the cortical and trabecular bone
structures

2 | Visually sharp reproduction of the air filled compartments

TABLE III
RATING CATEGORIES USED TO EVALUATE CLINICAL IMAGES

Rating [ Appearance of structure

1 Not visible

2 Poorly reproduced

3 Adequately reproduced
4 Very well reproduced

the experimental procedure and its objectives. Next, a warm-up
phase familiarises the subject to the system interface. Then,
a starting message is displayed indicating the beginning of
the actual data collection phase, where the test images are
presented randomly, one at a time. For each displayed test
image, the subject must rate the criteria in Table II (depending
if the windowing procedure was set to emphasise bones of soft
tissue), according to the categories in Table III [9].

The test set for this pilot experiment is defined from 10
original head CT DICOM images, 5 of them with abnormal
lesions and the other 5 without any pathological structures,
all in axial plane. For each original image, two versions were
produced by using windowing procedure to emphasise bone
and soft tissue. The choice of bone and soft tissue windows is
justified because they are the standard options in the analysis
of head CT images. The size of the slices are originally
512x512. Following a common procedure in daily practice,
windowed images were resized to 1024 x 1024 by using bicu-
bic interpolation. Two compressing schemes, among those
allowed in DICOM recommendations, were chosen in this
preliminary phase: JPEG and JPEG2000. The test set is created
by coding every windowed and resized image with both coding
schemes (JPEG and JPEG2000) at different quality factors (10,
20, 30, 50 and 100). For the purpose of this clinical quality
assessment, subjects must be either medical image experts,
radiologic physicists or radiologic technologists. Each trial
of the experiment comprises the evaluation of 180 images.
Although time limit for analysis is not fixed, tentative tests
show that the average time for one single trial is around 20
minutes.

Although the first version of the system for collecting
experimental data is already implemented and available, the
experimental protocol concerning actual data acquisition (clin-
ical quality assessment from experts) is currently in final
preparation to be submitted to the ethics committee of authors’
university for analysis and consent. All the images used in this



Visually sharp reproduction of the border between white and
grey matter

Visually sharp reproduction of the basal ganglia
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Fig. 4. Graphical user interface of the implemented system for assessing
clinical quality of compressed medical images.

text are illustrative and available in public online databases.

V. CONCLUSION

In this paper, an experimental system and protocol for
clinical quality assessment of compressed medical images are
presented. The general concept is currently applied just for the
case of head tomography and follows the recommendations
of the European Guidelines on Quality Criteria for Computed
Tomography. This proposition is part of a research in progress
intended to allow performance assessment and development of
visual quality metrics for medical purposes. Next steps include
experimental protocol submission to ethics committee for anal-
ysis and consent, collection of clinical quality assessment data,
data analysis, and performance evaluation of different visual
quality metrics. In the near future, extensions to other types
of CT images and modalities of medical imaging systems are
intended. The software source code of this project is available
at https://github.com/luaffjk/AQVIM, where interested parties
can obtain the latest stable version, contribute with suggestions
or even collaborate in the development of the system.
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