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This synopsis concerns some re­
cent publications and trends in image 
and signal processing in the field of 
medical informatics. This particular 
field is mainly application-oriented 
with technical applications relevant to 
health and health care. A number of 
papers were proposed by IMIA Soci­
eties and others and individually re­
viewed by three referees. This review 
process resulted in a selection of seven 
publications originally printed in seven 
specialized medical and technical 
journals. 

Four of the papers fall into the cat­
egory of image processing, and three 
deal with signal processing. The im­
age processing papers are on P ACS 
architecture (picture archiving and 
communication system), blood smear 
analysis, lung nodule diagnosis in 
Rontgen images, and an attempt of 
accoustic interpretationofimages. The 
signal processing papers address the 
interpretation of electro-encephalo­
grams (EEG), the analysis of electro­
cardiograms (ECG),' and a reference 
database ofECGs. This selection rep­
resents topics of actual international 
research, the authors coming from 
around the globe and working in Euro­
pean, American, and Asian laborato­
ries. 

The first paper to be discussed is by 
liuang and Taira: Infrastructure de-
4ign of a picture archiving and com-
11J.unication system [1]. It is a review 
~icle on PACS architectures. One 
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should assume that the infrastructure 
point of view is self-evident for P ACS 
design; unfortunately, this was not 
always true. The authors suggest a 
P ACS modularization emphasing 
connectivity. The components are ac­
quisition computers, cluster control­
lers, database servers, display stations, 

· and an all-connecting network. This 
infrastructure covers firstly the col­
lection of data from the primary image 

· producing devices. Today, the differ­
ent machines have only begun to use 
image format standards, e.g., ACR­
NEMA or SPI. The data must then be 
shipped in a network from device to 
device and stored in a database. The 
data must also be retrieved, processed 
and presented to the users. These facts 
seem simple. However, although the 
first PACSs did fulfil these obvious 
tasks, the systems were closed boxes 
and unable to communicate. The com­
puter tomographs (CT), the magnetic 
resonance imaging (MRI) as well as 
PET and SPECT systems were always 
digital techniques. X-ray and ultra­
sound images still live a digitally iso­
lated life on isolated equipment and 
are available as photographic images. 
Today, an integration process is on its 
way, making available the complete 
digital information of all patient im­
ages. The first P ACSs suffered not 
only from missing exchange standards, 
but also from a number of planning 
and technical shortcomings. The 
resolution of the images was low, and 
yet the amount of data produced per 
day (or per patient) was too large for 

the hardware components. The space 
in memory and the magnetic storage 
devices was small and expensive. The 
connecting networks were too slow 
and the high-resolution displays ex­
pensive. All these drawbacks have 
been overcome in the last years. The 
contribution of Huang and Taira [1] 
shows a way out of the design problems 
with suggestions to overcome the 
'closed architecture' problems of the 
early years ofPACS. Still missing is a 
flexible standard for image formats 
since, for example, ACR-NEMAlacks 
the ability to store image sequences 
and suffers from inflexible data types 
for a number of representations. 

Poon et al. published Automated 
image detection and segmentation in 
blood smears [2]. The aim of the con­
tribution is an automated diagnosis 
and classification of leukemias. They 
claim that their method differs from 
others in the simplicity of the algorithm 
and the evaluation of both touching as 
well as non-touching cells in the im­
age. Their method involves spectral 
images, an algorithm to separate 
touching cells, segmentation of cells 
into nuclear and cytoplasmic regions 
and an analysis of the segmented re­
gions. A large part of the paper de­
scribes the advantage of including 
touching cells in the analysis. The 
identification and separation of 
touching cells is done in a straightfor­
ward way with cell-boundary analysis 
allowing for deliberate partitioning of 
a 'supercell' into two. The problem of 
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overlapping cells (more than just 
touching) remains, and with it the 
danger of false-negative results as the 
system cannot distinguish abnormal 
cells from massively overlapping ones. 
The problem of false-positive results 
is approached by a set of image pre­
and postprocessing routines. It is 
considered less problematic since the 
positive slides are manually processed 
by pathologists anyway. 

For over 20 years, attempts have 
been made to automate smear images 
and chromosome analysis, the two 
areas suffering from the same prob­
lems. Today there are still no solutions 
available that are robust in routine 
applications. This does not reflect a 
lack of talent of the researchers in­
volved, but a general shortcoming of 
computer-based image analysis. Hu­
man interpretation of images is still 
not fully understood. We know that a 
human observer perceives an image 
qualitatively, the 'Gestalt' -oriented 
view. Since a computer sees pixels 
and perhaps some neighboring pixels, 
it cannot recognize the image because 
it does not see the whole. The gap 
from pixel-oriented analysis (the sig­
nal) to the global view and symbolic 
description remains: The actual re­
search tries to bridge the gap by in­
clusion of aprioriknowledge, artificial 
intelligence approaches, and neural 
nets concepts, e.g., topological feature 
maps as suggested by Kohonen [3]. 
We must admit that much work re­
mains to be done. The small advances 
in computer-based image understand­
ing should not discourage us. Perhaps, 
a better understanding of the human 
ability to interpret images may show 
the way to practical and robust sys­
tems. 

Problems similar to the ones men­
tioned previously are found in the 
contribution of Matsumoto et al.: Im­
age feature analysis of false-positive 
diagnoses by automated detection of 
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lung nodules [4]. The team wants to 
support the diagnosis of lung cancer 
by automated analysis of chest radio­
graphs. Lung cancer is accompanied 
by visible lung nodules. Radiologists 
can fail to diagnose pulmonary nodules 
in as many as 30% of positive cases, 
but 90% of peripheral lung cancers 
were visible, in retrospect, on previous 
films. An earlier computer program of 
theauthorsd~tectedtoomanynodules. 

In this paper, they attempt to reduce 
the number of false-positive diagnoses 
by enhanced programs and the inclu- · 
sion of knowledge from experienced 
chest radiologists. 

The specific sources of false-posi­
tive detections are quite obvious. The 
computer falsely identifies as nodules 
aggregates of vessels, rib-rib (or 
clavicle) crossings and rib-vessel 
crossings. The main weapons in the 
detection of pseudo nodules are the 
analyses of the circularity and the ir­
regularity of the nodule candidates. 
The improved program produced a 
reduction of false-positive nodules 
from 12 to 5 per image. This im­
provement is of limited success since 
too many wrong nodules still remain. 
Perhaps the most important feature is 
that none of the positive nodules was 
suppressed. As mentioned above, an 
improvement of the image analysis 
was achieved by the inclusion of 
medical knowledge, the sad point be­
ing that this knowledge is not expressed 
in symbolic form in an approachable 
knowledge database but incorporated 
in the source code in an unaccessible 
hidden manner. This prevents updat­
ing and minor changes if better un­
derstanding of the human medical di­
agnosis processes becomes available. 

The last selected paper in the image 
processing section is by Meijer: An 
experimental system for auditory im­
age representations [5]. The ultimate 
goal o(this work is a system for the 
visually impaired or blind, i.e., a sys-

tern that could sing an image to man 
That s.ounds at first fantastic, but per: 
haps tmages can be translated int(J 
sound. Considering the massivj 
handicap of a blind person, anythinJ 
that can be of help must be considefe<l 
There have been attempts in this direc­
tion, attempts that tried to transfo~ 
images into physical impulses on the 
sensors of the body, e.g., on the bacq 
This region is large but unfortunatel'l 
of very low spatial resolution. Alsct 
the mechanical devices would not be 
very handy. The basic idea of Meije 
can be explained quite easily. Th 
grey values in the rows of a digi 
image matrix are translated into inten1 

sities of individual frequencies as­
signed to each row. The image col 
umns are then sung one by one~ 

translating the rows in the horizon · 
direction of images sequentially as 
function of time. The resulting soun 
is very hard to imagine, and it remain 
unclear how the .ears perceive thi 
sound package representing an imagq 
The author admits that the system sf 
awaits a thorough evaluation with blin 
persons. Nevertheless, technical fea 
sibility has been established. 

The three selected contributions · 
the field of signal analysis include th 
one by Pfurtscheller et al.: Predictio 
of the side of hand movementsfro 
single-trial multi-channel EEG dat 
using neural networks [6]. My ftrs 
comment here is that I disfavor title 
that are as long as abstracts, a ve 
popular procedure in our days. Th 
authors recorded 30 channels of EE 
data prior to voluntary right ot le 
hand movements. Event-relate 
desynchronization (ERD) was quan 
tified in the 8-10 Hz and 10-12 H 
bands in single trial data and used a 
training input for a neural network 
After a training period, the networ 
was able to predict the side of han 
movement from EEG data recorde 
prior to the onset of movement. On th 
scalp, 30 electrodes collect data tha 
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are first used to train a topological 
feature map, which is a class of neural 
network becoming increasingly popu­
lar. The spatio-temporal patterns are 
then used to predict rhythmic activi­
ties. The ultimate goal of the develop­
ment would be a direct input device, 
for example the brain control of a 
robotic arm or hand. Scalp electrodes 
are noninvasive, the remaining ques-: 
tion being how much information can 
be drawn from such a device. The 
decision whether the coming move­
ment involves the left or the right hand 
is binary. It is unclear if there is more 
information derivable from a few. 
electrodes. Direct implantion of elec­
trodes can be the next step, but for this 
too little is still known about the de­
tailed regions of the brain responsible 
for specific action. The important 
contribution of this paper, however, is 
to show in which direction scientists 
today direct their interest and research. 
The dream of a direct brain-computer 
interface is, of course, fascinating and 
every large advance is started by small 
steps. The use of Kohonen's topo­
logical map [3] is very interesting. 
The advantage of it is the preservation 
of the topology of the feature space, 
the self-adjusting learning process and 
the open number of features. It seems 
as if the Kohonen map has a bright 
future and continues to earn a wider 
appreciation. 

Kors et al. wrote Variability in ECG 
'Computer interpretation [7]. The vari­
ability of the electrocardiogram can 
be due to extrinsic noise or intrinsic 
factors, such as changes in the volume 
conductivity. This varability makes 
the automatic analysis of ECGs com­
Plicated and less reliable. The classic 
approach, therefore, is the sampling 
and averaging of a series of complexes, 
~us creating a, hopefully, representa­

ve PQRST complex. The authors 
ggest an alternative method: the 

erivation of a set of measurements 
Ill each complex (signal) in a re-
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cording, a subsequent individual clas­
sification and a final classification, 
combined from the individual ones. 
The total accuracy of the combined 
classifications of the individual com­
plexes proved to be slightly higher 
than that of the classifications of the 
averaged complexes. This overcomes 
the problem of the intrinsic varability. 

The European ST-T database: 
standard for evaluating systems for 
the analysis ofST-T changes in ambu­
latory electrocardiography was pub­
lished by a large European team headed 
by Taddei [8]. The goal was an ECG 
database for assessing the quality of 
ambulatory ECG (AECG) monitoring 
systems. Thirteen research groups from 
eight countries provided AECG tapes. 
The annotation scheme was revised to 
be consistent with the Bostonian MIT­
BIH arrythmia database and the 
American Heart Association formats. 
There is convincing evidence that ST­
segment shifts of the ischemic types 
can be detected by AECG. Recurrent 
ischemia, in particular, most of which 
is silent and occurs only during daily 
life at low activity and heart rate lev­
els, may be detected by AECG. The 
last two statements are found in a 
report written by a joint committee of 
the AHA and the American College of 
Cardiology. They indicate the impor­
tance of a standardized, reliable 
teaching and learning set of AECG 
data. The European ST-T database is 
intended to be used mainly for evalu­
ating the performarice of algorithms 
which detect changes in ST segments 
and T-wave morphology. Combined 
with the American databases, the 
quality of AECG instruments can be 
assessed. 

The wide range of the seven articles 
of image and signal processing in 
medical applications shows where we 
are and where we are going. It shows 
fascinating dreams and visions to be 
pursued in the future as well as solid 
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basic work on standards and integra­
tion of diverse components directed to 
the ultimate goal of enhanced medical 
care. I consider it a great development 
that European researchers start to co­
operate, as they have been doing for a 
long time with their American partners. 
The international partnerships should 
be further extended and encouraged in 
general. This international community 
of scientists should use their privilege 
of global connections across the bor­
ders for a further integration and co­
operation in this world. We only have 
this one and we are responsible for it. 
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