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1. ABSTRACT

Medicd image analysisis shifting from current film-oriented light screen
environments to computer environments that involve viewing and
analyzing large sets of images on a cmputer screen. Magnetic Resonance
Imaging (MRI) studies, in particular, can involve many images. This
paper examines how best to med the neels of radiologists in a
computational environment. To this end, a field study was conducted to
observe radiologists' interadions during MRI analysis in the traditional
light screen environment. Key issues uncovered involve control over focus
and context, dynamic grouping o images and retrieval of images and
image groups. To address the problem of focus and context, existing
layout adjustment and magnificaion techniques are explored to provide
the most appropriate solution Our interest is in combining the
methodologies of human computer interadion studies with computational
presentation posshbilities to design a visua environment for the crucial
field of medicd image analysis.
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2. INTRODUCTION

There is currently an emphasis on shifting from the
traditional film-oriented environment to dgitized images
suitable for viewing on computers. As Hospital Information
Systems (HIS) become more common, it is natural to bring
medicd images on-line axd include them with patient
information.  On line medicd images can be viewed at
separate locaions smultaneous.

Medicd imaging systems currently combine image
processng and image presentation for diagnostic and
consulting purpaoses. However, while image processng is
well suited to the cmputer, image presentation remains a
difficult problem. MRI analysis, in particular, commonly
involves viewing between 60 and 120 images. The
traditional light screen is large and well suited to this
purpose (see figure 1) but presenting the same number of
images on a much smaller computer screen remains a
challenge. We explore radiologists' interadions in the light
screen environment, to understand the requirements for
image presentation that best suit the MRI analysis process
General requirements are summarized and caegorized.
Computational solutions and tradeoffs for focus and
context, are examined. Finally, a solution to the focus and
context presentation problem is proposed.

2.1 Background
The traditional technology for displaying MRI imagesis
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the use of a large light screen panel (Figure 1). The panel
used in the arrent study, consists of two visible screens
eat measuring 58" x 19". These ae positioned one &ove
the other to form a 58" x 38" display area This total area
islarge enoughto dsplay eight MRI films where eab film
measures 14" x 17" and contains 15 to 20 images
depending on image size and shape.

Images are logicdly grouped into volume sets of different
planar orientation and contrast. Eacdh set contains a number
of sequential dices that combine to make the volume.
These sets are distinguished by planar orientation (i.e. axial,
saggital, coronal) or by tissie mntrast. Contrast sets are
determined at data aquisition time and dffer in gey scde
representations.  This difference in “contrast” is an
important fador in the identificaion of hedthy and
unhedthy tisaue.

Figure 1:Light screen displaying MRI images.

3. EXPERIMENTAL METHOD

A field study was conducted at Vancouver General Hospital
to understand the MRI analysis process  Informal
observations of radiologists interading in a traditional film-
oriented environment were gathered using researcher field-
notes. Observations were gathered during five one to two
hour diagnostic teating sessons involving both intern and
staff radiologists. These sessons provide diagnosis for
current MRI cases while & the same time providing a
leaning experience for intern radiologists. They progress
very much like anon-teading diagnostic situation, except
are dower and there is more talking — They are
exceptionally well suited to the observation task as the
slower pace ad helpful commentary clarifies the adivities
and thought processs of the team. Question and answer
sessons were dso conducted with the radiologists in order
to better understand the nature of the images and diagnostic
process



4. FIELD OBSERVATIONS

Films are aranged acording to logicd groupings where
appropriate and  individual  preference  otherwise.
Arrangement of the films cannot acommodate dl aspeds
of the analyses and in atypicd sesson there is agrea ded
of physicd movement. The radiologists will stand up, sit
down, and move to the left or to the right of the screen in
order to focus on spedfic images or image groups.
Pointing or sweeguing hand motions are dso used and can
indicae aeas of interest. Often radiologists point at one or
more images for a prolonged period, marking them for
comparison purposes or future reference FiIms are
sometimes moved to dfferent locaions or removed
entirely, to oktain better grouping and context. At times an
entire film may be extraded from the light screen and held
up to the light by hand for closer viewing. In this manner,
ead sesgon appeas to progressin a similar fashion, with
the freguency of movements varying from one radiologist
to the other. The pattern of observations and comparisons
made in ead sesson, however, is unique axd dependent on
both the radiologist and the particular case.

5. REQUIREMENTS

It is apparent from observations and dscussons that all
images are scanned at least once and several subgroups of
images are singled out for simultaneous viewing or
comparison purposes. As sub-groups may involve some of
the same images, it is not possble to permanently position
the films o that the cmponents of ead subgroup are dose
together. Radiologists typicdly solve this problem through
physicd movement or by reorganizaion of the films,
obtaining multiple groupings of images as required.
Although this method appeas cumbersome, it alows
radiologists complete @ntrol and flexibility with regard to
which images they view up close, which images they view
as a group and which image sets they scan as awhole.

Further examination of the observations and comments
from the radiologists resulted in a list of individual adions
and associated requirements.  Although many of these
overlap, in general three main categories of regquirements
emerged:

Groupng: Ability to dynamicdly group desired images
together for simultaneous viewing and comparison. Provide
flexible user control over the locaion and visibility of the
groups on the screen.

Retrieval: Ability to locae and relocae both stored and
visibleimages as well as gored and user determined groups
of images. Provide visual clues and representations of
available images and image groups in order to fadlitate
retrieval.

Focus and Context:  Ability to view one or more images
up close without losing or over lapping the remaining
images in the group. Present individual image detail and
related contextual images at the same time.

The first two caegories, Grouping and Retriewval, are
beyond the scope of this paper not covered here. The rest
of the paper addresses the third, Focus and Contex,
requirement.

6. COMPUTATIONAL CHOICES

Reseach in computational presentation is examined in
order to find an appropriate gproach for medicd imaging
presentation that fulfill s the focus and context requirement.
The traditional light screen provides a large and flexible
display space while the cmmputer screen limits the number
of images that can be displayed effedively. Depending on
the @mmputer screen size, once the number of displayed
images exceals sme maximum, the image size must be
deaessed and detail is lost. Current systems rely on
standard zooming and panning techniques in combination
with large ad, often multiple mputer screens.
Magnifying one image using standard zoom can recgture
detail but saaifices context. Increasing the available
computer display space paostpones the inevitable conflict
between presenting detail and maintaining context but does
not resolve it. Furthermore, large or multiple screens are
expensive and dften not an option for smaller hospitals or
for usein remote ansultation.

This problem indicates a need for a versatile layout and
magnification strategy that makes maximum use of screen
red estate and provides for both image detail and group
context. To aur knowledge, research in focus and context
magnificaion tedniques (adso cdled fisheye ad
distortion) has not yet been applied to medicd imaging
presentation. We examine reseach in this area for a
technique that suits the datainvolved in the aurrent task.

There ae severa visual requirements originating from the
nature of the data and the MRI analysis task. Though ead
image in itself represents medicd data, the presentation
problem requires laying out images as discrete objeds.
Also, while it is useful to provide magnification of the
images, no dstortion other than scding can be tolerated. In
other words, the aped ratio of the image must be
maintained throughout any layout adjustments.

As squential positioning of images in logicad groups
indicaes a volume set of a particular planar orientation,
maintenance of pasitioning information is also crucial. We
interpret this as a neal to preserve the orthogonality or
left/right, up/down ordering of the layout. Orthogonality
has been noted as playing an important role in preservation
of the user’s mental map [5,10]. From our observations we
would like to enforce orthogonality in a manner that also
preserves parallelism, or the dignment of the images,
keeping image ceters in a given row or column in a
straight line.

Finally, the comparison asped of the analysis task indicates
that seledion of more that one image, creaing multiple
focd views, is also important. Due to the sensiti ve nature of



this task, it is further important that the focd images are
presented with equal scde.

A grea variety of distortion presentation techniques exist,
varying from the singe focd Bifocd Display [9] to
powerful multi-focd presentations such as 3DPS [2] and
Non-linea views asin [3] (for surveys ®e[4,6]). However,
the orthogonality requirement gredly reduces thislist. Early
orthogonal approaches [5,7] had to be diminated becaise
they cause information distortion in the rows and columns
that hold focd points and thus would distort the images
themselves. The Zoom family [1] introduces smocth
interview transitions which also aid in preservation of the
mental map but alows a more loose interpretation of
orthogonality than would be ided in this case. The
SHriMP[10] approach comes the dosest to fitting the
observed requirements.

7. COMPUTATIONAL APPROACHES

The orthogona version of SHriMP complies with most of
the layout regquirements described in the @ove sedion. It
operates on discrete objeds and thus alows images to
remain as sparate items. The individual objeds are
manipulated without distortion ensuring that the images
themselves are not distorted. It also preserves orthogonal
relationshipsin amanner that preserves parall elism.

SHriMP expands its focad node, pushes other nodes out of
the display areato make space then scdes all nodesto once
again fit into the aea Repeding this procedure over
sequentially seleded focd nodes results in ead subsequent
seledion reducing the magnification of the previously
seleded focd nodes. Figure 2 shows this effed. One
additional focd node is sleded and expanded in ead
image. The variation in scde is apparent.

We propose threemulti ple foci layout variations:

Propagding Minimal Scale. All magnificaion and
expansion operations of the dgorithm are completed before
re-scding. In thisway sequential seledion can be supparted
within the SHriMP approach. This approach best preserves
orthogonality and parall elism but introduces the most white
space Seefigure 3.

Constrained Areas. It is posshle to constrain the aeaof the
display that will be dfeded by a given seledion. In this
manner, sequential seledion does not automaticdly adjust
previous foci and thus alows foci to be the same scde.
However, operating in a smaller display area results in
limitations of desired minimal size being readed more
quickly. This approach also introduces many inter-mediate
levels of scde. Seefigure 4 and 6.

Spae Preserving. We have been investigating this problem
from the perspedive of space preservation (for details ®e
[11]). Figure 5 shows two variations. The basic idea
behind this approadc is to perform adjustments by row and
column compressng as necessary. Nodeswhich are

Figure2: Varied scales of foci in sequential selection

Figure 3: Propagating Minimal Scale.

Figure 4: Constrained Areas.

Figure5: Space Preserving.

crowded from multiple diredions are forced to be smaller
while the remaining rodes remain as large & possble.
Space preservation can be further increased by increasing
the number of levels of scde, though the “mental map”
deteriorates as a result. In general, this approach makes
good use of space preserves orthogonality and allows for
sequential focd seledion, but compromises parallelism.
Seefigures5and 7.



Figure 6: MR images, Constrained Areas.

8. CONCLUSION

Providing radiologists with functionality to suppat
interadions smilar to those arrently utilized in the light
screen environment will help ensure a more seamless
transition to computerized medicd image analysis. Three
separate aeas have been identified as genera requirements
that must be met in order to provide the radiologists with
the same wntrol as they are acaistomed to with the light
screen: retrieval, grouping and focus and context. Of these,
the focus and context requirement was further examined. It
was hypothesized that layout and fisheye magnification
techniques would be better applied to this problem than
traditional zooming, panning techniques. A solution was
proposed and aternative resulti ng layouts suggested.

In order to determine the feasibility of the proposed
solution, further user studies must be performed. A
comparison study of the propcsed alternative layouts will
form the basis of one of these. Further work is also required
to integrate retrieval and grouping techniques in order to
satisfy the remaining general requirements
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Figure 7: MR images, Space Preserving.
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