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Computerised image handling in pathology

(for example, GIG, JIF, TIFF, and bitmap)
and proprietary formats (for example, Amiga
IFF, PIXAR, Kodak PhotoCD, and Targa).

With versatile software that permits easy
image editing, the question arises as to how
extensively one is justified in modifying an
illustration. A number of our colleagues, on
seeing this technology for the first time (and in
particular the remarkable manipulation cap-
abilities of the Photoshop program) smile dis-
approvingly (or furtively) and say “So you could
move the band on the gel” or “You don’t need
antibodies— you can just paint the cells in the
computer”. These fears (or hopes), which were
the subject of a recent article in Science,’ imply
that conventional photographic reproduction is
near perfect, whereas computer based imaging
techniques belong in the realm of the coun-
terfeiter. However, it is evident on a moment’s
reflection that a photograph, whether it shows
an electrophoretic gel or a tissue section, is a
highly artificial rendering of the original image.
It is dependent on the histological or protein
stain used, and on the photographer’s choice
of film paper and developing method. It may
be non-representative either because an expert
photographer has obediently enhanced or
“lost” elements in the picture, or because an
unskilled photographer has failed to capture
the image well. In our experience computer
processed images usually provide a more ac-
curate rendition of the original than the average
photograph, and it is often the old technology
rather than the new that is producing deceptive
results.

Another potentially controversial topic con-
cerns the use of images prepared in another
laboratory. This becomes increasingly relevant
as remote image transmission and exchange
is used more widely. Plagiarism may cause
problems, particularly if some kind of un-
justified modification or enhancement is made,
and ethical and legal issues are posed which
require careful consideration if users are to
avoid infringing copyright. However, it is pos-
sible to exaggerate problems of this sort and
they should not become an obstacle to the wide
use of the new technology.

Conclusion

Desktop digital image processing has now come
of age and is within the grasp of many pathology
laboratories in terms of affordability and sim-
plicity of operation. The authors have found
the facility immensely useful in the setting of
our research and teaching department and be-
lieve that its wider use will, in addition to
benefiting the laboratory itself, also improve
outside perceptions of clinical pathology and
raise the profile of this medical specialty.
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Appendix

In this section we give technical data on the
hardware and software options of which we
have personal experience. However, this is a
rapidly growing field and we cannot pretend
to have carried out a “Best Buy” survey of all
available options. The one rule to follow is to
evaluate any system at first hand, ideally in
one’s own laboratory, before making a final
choice.

INPUT
Microscopy
We have used a JVC KY-F30 colour camera
(which contains three CCD chips) for three
years and obtained excellent results. Single chip
cameras, however, are substantially cheaper
although they produce slightly lower resolution
images. A new generation of cameras providing
digital signal processing within the camera has
appeared and they provide even better results.
Any high quality video digitiser board ac-
cepting RGB signals is suitable. We have used
the Kingfisher and Falcon boards (Graphics
Unlimited, Cambridge, UK) because the
manufacturer, the designer and the software
authors are locally available.

Flar bed scanners

Many scanners currently available in the market
yield high quality images, and selection is very
much a matter of personal preference. Colour
scanners are desirable, although a grey scale
scanner may be used for monochrome images
(electron micrographs, electrophoretic gels).
For best results images on x ray film must be
acquired with a scanner fitted with a trans-
illuminator, or by video grabbing from a
camera.

Kodak PhotoCD

In 1990 Kodak introduced a new approach to
the storage and display of 35 mm photographic
images, based on scanning (at a range of differ-
ent resolutions) and writing them to CDs.
We are in the process of transferring many of
the transparencies which we have acquired in
the past to this format. The scanner and CD
writer which records these images are expensive
so that film has to be despatched to a processing
centre, which will charge approximately £50
for a disk holding 100 images. Images stored
in this format can then be viewed on a con-
ventional television screen using a PhotoCD
player, or on a computer monitor from a CD-
ROM drive. Each CD has a catalogue facility,
including miniature “thumbnail” images to
facilitate viewing and retrieval.

IMAGE HANDLING

We prefer to use Apple Macintosh computers,
because they are very well suited to image
processing and have a user friendly operating
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system. We typically use a Macintosh Quadra
700 with 20 megabytes of RAM (a figure which
represents a minimal requirement).

For processing, we use Adobe Photoshop
(Adobe Systems Inc., Mountain View, Cali-
fornia, USA). This is a pixel based image ed-
iting program which endows, among many
features, the ability to crop images, to rotate
them, to adjust their intensity, contrast and
colour values, and to make any alteration re-
quired in their size. Most importantly the pro-
gram is modular, allowing the addition of “Plug
Ins” to acquire images directly from input de-
vices such as video grabbers and scanners. This
allows us to use just one program for all image
processing rather than the software provided
with the different devices. Modules are also
available to read a variety of image formats,
including compressed images from Kodak
PhotoCDs; to write in non-Apple formats—for
example, CompuServe GIF (used widely on the
Internet); and for specific “filtering” operations
which modify an image.

IMAGE STORAGE

Removable hard disk

SyQuest 44 disks are relatively fast and can
store 44 megabytes. Whilst these now represent
technology developed some years ago, they are
still the most widely used method of trans-
ferring data, especially to desktop publishing
bureaux.

Magneto-optical disk

These are available with capacities ranging from
128 to 1200 megabytes. As they can store a
high volume of data and are small and robust,
they represent our choice at present for medium
term storage.

Compact disk—read only memory (CD-ROM)
These disks are identical to the compact disks
widely used for musical recording. With a stor-
age capacity of 650 megabytes, each disk can
store 100 to 6000 images (depending on res-
olution). CD-ROM drives are relatively in-
expensive and provide the best option for long
term storage of image data. CD recorders are
becoming cheaper, making this a very good
method of archiving.

Daugital audio tape

This is an inexpensive approach to image ar-
chiving. Images are stored sequentially and
retrieved through an indexed name list. The
process is considerably slower than disk based
forms of storage, so that it is not recommended
other than for archiving.

Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com

Cheong, Micklem, Mason

Image compression

Though mass storage media such as magneto-
optical disks have come down in price, the ever
expanding nature of any image database means
that the cost of storage may pose problems.
Some kind of file compression strategy is de-
sirable to reduce images from their working
format to a more manageable size. For a full
frame 24 bit colour image, the industrial stand-
ard for image compression is JPEG (Joint Pho-
tographic Expert Group). This method can
reduce the file size by a factor of 20:1 with
little effect on appearance.? Not only does this
save space, but image transmission times over
computer networks are also reduced. Com-
pression should be used with care, as successive
steps of compression and decompression for
viewing cause image degradation.

OUTPUT

File formats

The image may be converted and saved in a
variety of different formats depending on use.
We routinely save images in the native Apple
PICT format for transfer to other applications.
TIFF format is used for transfer to IBM PC
compatible computers. Postscript formats are
not suited to large bitmapped images and
should be avoided except for desktop pub-
lishing.

Film recorders

There are a wide range of 35 mm film recorders
available and at present we use an Agfa Slide-
writer. We have found that 4000 line resolution
gives distinctly better results than 2000 line
resolution, suggesting that the former may be
a useful minimum standard. Higher resolution
recorders will only provide better results when
recording onto film formats larger than 35 mm.

Dye-sublimation printers

There are only a few printers available at this
level. We have found that bureaux equipped
with the Kodak XI'T7720 printer provide the
best results, even though its specified resolution
(203 dots per inch) is lower than some other
printers. This is the means by which fig 2A
was prepared for printing.

FURTHER ILLUSTRATIONS

Additional examples of digitised images from
the authors’ department can be accessed via
the World Wide Web Internet, site URL http://
phoenix.jr2.ox.ac.uk. A set of computer gen-
erated transparencies (illustrating the REAL
lymphoma classification) are available from the
authors (e-mail:david.mason@cellular-science.
ox.ac.uk; fax: 01865 63272).
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