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Signals and images are multidimen
sionallnformation that are recorded in 

il
ine clinic~! pr~ctice. Due to their 

dimensiOnality (from 2-D to 4-
0) they can convey large amounts of 
&ormation which, however, are usu
ally masked under noise, or are ab
stracted from other information float
mg around. Another element is the 
increase in the number of signals that 
can besimultaneously acquired in rou
tine clinical practice. Today, due to 
hardware advances, it is possible to 
.U multi-channel data which contain 
more information; however this infor
mation is becoming difficult to extract 
and Hence the need for effi

intelligent information process
iques. and the need for defin

mgr;valuation protocols on the infor
mation processing techniques in use. 

During the last decade, we have 
witnessed a considerable increase in 
research on biomedical signals and 
mages. The reasons are the increase 
mimage and signal acquisition mod ali
res, the increased use of networks, 
and the increased awareness that ad
'anced signal and image processing 

can _reveal clinically important infor
lllallon usually not evident in the frame
lt'ork of a routine investigation. More
>ver,trocessing techniques are shift
llgfromlinearones to non-lineartech
~es, and to intelligent techniques 
based&eavily on learning systems such 

e~ral Networks and fuzzy logic. 
re Is an increase in integrated en-

tronments of information processing 

----.. , ... .., modules ranging from 
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Intelligent Signal and Image 
Processing 

digital filters to non-linear transforma
tions and dedicated classifiers. With 
the wide use of non-linear methods, 
classification has become an increas
ingly important area, and visualization is 
expected to follow. In fact, image pre
conditioning and rendering for fast and 
reliable visual-ization of 3-D and 4-D 
image sequences is expected to be a 
focus of research in the years to come, 
and is expected to open up virtual reality 
in medicine. 

The seven papers to be reviewed 
here can be subdivided in the following 
categories: 
1. Papers dealing with signal acquisi

tion and analysis [1-4]. These pa
pers can be further subdivided into 
two groups: a) those dealing with 
instrumentation and recording tech
niques ofbiomedical signals coupled 
with information processing for pa
rameter extraction [1-3] and b) one 
paper dealing with assessment of 
multi-channel ECG interpretation 
looking into the effects of electrode 
position in diagnosis quality [ 4]. 

2. Papers dealing with image process
ing and management [5-7]. In par
ticular there are two papers that use 
image processing techniques for 
visualization and rendering of im
age data [5,6] and there is one 
paper dealing with image process
ing using Neural Network based 
techniques in combination with 
expert rules [7] . 
More specifically the analysis of 

each paper is as follows: 

Amplitude Demodulation of the 
ECG for Respiration Monitoring 
and Compensation during MR 
Examination 

We start the synopsis with the paper 
by Felblinger and Boesch [1] . This 
paper presents a new method for res
piratory monitoring during MR-se
quences using the ECG, and more 
specifically the changes in theR-wave 
amplitude. Using digital demodulation, 
the method produces an estimate of 
the respiration curve, which in turn can 
be used for patient monitoring, trigger
ing or respiration compensation ofMRI 
sequences. An extremely important 
characteristic of this technique is that 
the estimate of the respiratory signal 
using digital demodulation showed no 
drift, even during apnea, making it 
superior compared to the respiratory 
signal produced by analog demodula
tion techniques. The cardio-respira
tory signal can be correlated with the 
diaphragm position (correlation is very 
strong > 0.9), and since only digital 
processing of ECGs (whic.h can be 
acquired by modem MRI systems) is 
required, this method presents a supe
rior alternate for triggering or respira
tion. compensation of MR sequences, 
which in tum can result in higher qual
ity MR images of the heart. 

Total and partial coherence 
analysis of spontaneous and 
evoked EEG 

The second paper by Liberati et al. 
[2], deals with the processing of multi
channel EEG signals by means of co-
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herence measures. AR modelling is 
used for the estimation of the spectral 
matrix, and subsequently partial and 
total coherence between selected chan
nels is performed. The use of a multi
variable autoregressive approach gives 
reliable results even for short time 
windows (0.1-0.15 sec) thus address
ing the stationarity constraint. This 
technique is of great importance when 
stimulus-related potentials are investi
gated which impose stationarity con
straints to the signals. 

The novelty introduced in this paper 
is the estimation of the partial coher
ence, and its linkage to the determina
tion of cortical interactions resulting 
from combined visual and somatosen
sory stimulation. Partial coherence is 
achieved when the comp-uted condi
tioned spectra are substituted for the 
conventional spectra. 

It is shown in this paper that compari
son of partial and total coherence allows 
the non-invasive detection of cortical 
and possibly sub-cortical interactions of 
the central nervous system under mul
tiple stimulation, orstimulation-freecon
ditions. 

Automated Fetal Breathing 
Movement Detection 

The third paper by Yamakoshi et al. 
[3] is a new method for an automated 
fetal breathing movement detection 
from ultrasound based fetal diaphragm 
movement recording. In the process
ing part, a modified autocorrelation 
technique is used which is able to 
detect sinusoidal displacements due to 
the fetal breathing induced diaphragm 
movement. In particular, the 
autocorrelation coefficients are calcu
lated for time lags 0.75 sec, 1 sec and 
I.25 sec. Subsequently, the maximum 
value of the three autocorrelation co
efficients is taken at each time instant, 
and a threshold is imposed. At all time 
instants which have maximum 
autocorrelation coefficient values 
above this threshold, fetal breathing 
movement is detected. The determi-
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nation of the above-mentioned thresh
old is done by trial and error, and by 
calculating the true-positive and true
negative values using differentthresh
old values. Nontheless, this is an inter
esting method since, although simple, it 
gives good results. 

Effect of Electrode Positioning 
on ECG Computer Interpretation · 

In the paper by Schijvenaars et al. 
[4] the variability in automated ECG 
interpretation due to electrode position 
was assessed in healthy individuals 
and patients with myocardial infarc
tion or left ventricular hypertrophy. 

The experiments used shifts of leads 
VI-V6, in four patterns. I) Longitudi
nal displacement from 5 em upward to 
5 em downward in steps of 1 em; 2) 
Transverse displacement of leads V l
V3, with VI, V2 shifting in opposite 
directions and exhibiting a displace
ment (3 em) double the displacement 
of lead V3 in steps of 6 mm; 3) Trans
verse shifts in electrodes V5-V6 with 
V6 exhibiting a maximum displace
ment of3 em (in steps of6 mm) and V5 
exhibiting half the displacement ofV6 
and; 4) Rotational dislocation of leads 
V1-V6 with lead V2 kept constant. 

When the above-mentioned experi
ments were done, the effects on spe
cific measured parameters of the ECG 
signals for different groups of patients 
were calculated, and tests on whether 
the computer program would change 
the diagnosis were'performed. Analo
gous protocol was followed by an ex
pert cardiologist. 

The results concerned changes in 
the measurement of four parameters 
(QRS duration, Q duration, Q ampli
tude and Sokolow index) due to elec
trode position shifts, and in changes in 
diagnosis. It was shown that longitudi
nal and rotational shifts caused large 
changes in the Sokolow index, while 
the effects on Q duration were larger 
(although not significant) than those 
observed in QRS duration. In the diag
nosis, it was shown that for the myo-

cardia! infarction category in the c 
of longitudinal shifts, there were 
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nificant changes in diagnosis in 6%
1 

the cases, while for the remaining sc 
narios significant changes did not 
suit in more than 3.5% ofthe cases. 
the case of left ventricular hypenr; 
phy, significant changes were obsen~ 
in 3% of the cases, while for the rest 
the scenarios of electrode shifts, si 
nificant changes were observed in Je 
than 1% of the cases. An expert c 
dialogist who analysed a subset of 8 
cases, agreed with the computer in 3 
of40cases in which itmadenochang 
In 40 cases with large diagnosti 
changes, the cardiologist made n 
change in 18 cases. This fact show 
that the cardiologist was less influ 
enced by the effects of electrode shift 
than the computer. Thus the effects o 
classification are significant, meanin 
that correct chest electrode placeme 
is mandatory for reliable diagnosis. 

In the image processing and analy 
sis area, we find three papers [5-7 
Two of these papers deal with pr 
cessing of images for3-D visualizatio 
enhance-ment { 5,6], while the thi 
one deals with intelligent image pr 
cessing using Self Organising Neu 
Networks [7]. 

Segmentation of the Visible 
Human for High-quality Volume· 
based Visualization 

In particular, the article b 
Schiemann et al. [5] presents a nu 
ber of methods for interactive classifi 
cation and super-sampling visualiz 
tion for enhancing the realism of 3-
reconstructions of data sets such 
the Visible Human. (Note: The Visibl 
Human data sets consist of 3 parame 
ric photographic images which we w 
to display in 3 dimensions.) In additio 
the proposed classification of objec 
is performed based on ellipsoidal r 
gions in RGB space. 

The paper presents a detailed 
scription of the problems encountered 
the 3-D visualization of color data. 
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problem is the huge size of the 
data, and methods for han

·ncr it are discussed. Also, the regis
to 
ion problems of CT and MRI data 

ith the anatomical _data are men-

For volume-based visualization, 3 
approaches are analyzed: 

•-·~h,.._.n,.,,,." rendering of surfaces 

(fast, considerable detail is lost for 
low number of polygons, difficult 
accurate mapping of surface and 
realistic cutting) 
volume rendering based 3-D im
ages by summing up all voxel values 
along the path of each ray (usually 
very slow, does not create realistic 
images) 
IO]ume-based surface rendering of 
surfaces using object membership 
attributes obtained by segmentation 
(most preferred, can produce a high 
degree of detail and realism). 
The conditions for computing high

uality images are given and the deter
mination of segmentation-based clas
sification is performed through the 
efinition ofRGB ellipsoids. The de

tailed implementation issues (ranging 
fnn binary morphology and connected 
&nnponent labeling) are described but 
fimplified versions are followed for 
efficient execution. The authors claim 
Etheir methods showed an improve
ment in quality of rendering. 

In t:onclusion, this article is quite 
lecialized in terms of presenting the 
latest results in rendering 3-D surfaces 
using segmentation and thresholding in 
the RGB space. The presented analy
s!s is likely to be interesting to a rela
~vely small part of the audience, yet 
~tresting since it discusses novel 3D 
lftlaging methods. 

~Ybrid Rendering of Multidimen
Stonal Image Data 

In the paper by Englmeier et al. [6] 
a new hybrid rendering method that 
ptlbines the advantages of surface 
and volume presentation and minimizes 
theL· . 

ft"11tat10ns of surface and volume 

llllook ofMedical Informatics 1998 

rendering techniques is presented. This 
method, based on the graphical inter
faces offered by Xll and OSF/MO
TIF, uses the following: 
- A common data representation for 

both surface and volume rendering 
techniques. . 

- A pre-processing module for the 
construction of a data volume and 
the calculation of object surfaces. 

- A user-friendly open system en
abling the support of applications 
such as virtual reality and 
stereolithography. 
The aim of the paper is to introduce 

image analysis and synthesis and, spe
cifically, 3-D visualization methods that 
can be used in a clinical environment. 
To accomplish this, the methods should 
be computationally fast, reliable and 
user friend! y. 

In particular, as it concerns the in
ternal data representation the general
ized voxel method is used. To optimize 
the 3-D display ofhybrid rendering, the 
computed results of segmentation and 
surface construction are stored during 
the entire process time. The quality 
improvement of 3-D images is sup
ported by the computation of the nor
mal vectors of the surface voxels 
(needed to be calculated only once) of 
the segmented objects, which in turn 
are used for the fast vector interpola
tion along the voxel surfaces. In order 
to compute the values of the isotropic 
voxels, efficient new interpolation 
methods such as matching interpola
tion or shape-based interpolation are 
used to estimate the grey values be
tween the images that result from to
mography devices. 

After the above pre-processing steps 
are made, the main process starts with 
the surface construction, which aims 
in to reduce gaps in the reconstructed 
surface and to accelerate and simplify 
existing ~urface construction algo
rithms. In this process the authors use 
the following steps: 
- Computation of the surface by defi

nition of surface primitives 
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- Construction of a look-up table of 
the applicable polygons 

- Selection of the best fitting candi
date 

- Generation of a list of polygons to 
describe the object surface. 
The hybrid rendering aims at sur

passing the disadvantages of existing 
approaches for image rendering, which 
is the missing capability to visualize in 
real time, thus creating problems in 
applying virtual reality techniques in 
the field of medical therapy planning. 
The developed method is based on the 
internal data representation, and on 
two different approaches for the color 
determination within polygons using 
graphic hardware. The two methods 
are: 
- Specification of normal vectors at 

the polygons' vertices- Computa
tion of the illumination equation by a 
graphic engine- Interpolation of the 
resulting vertex colors using the 
Gouraud shading algorithm. 

- Direct determination of the colors at 
the polygon vertices without the 
consideration of optical effects. 
For texture mapping techniques to 

be used, (they use surface structures 
called texels) both from high-end and 
low-end graphic workstations the use 
of efficient algorithms to achieve maxi
mum rendering performance is ad
dressed. The method is applied on 3-D 
subtraction angiography with impres
sive results, and it opens new applica
tion fields in medicine such as the 
simultaneous display of multimodal3-
D image data such as CT and MRI and 
presentation of time-dependent image 
sequences. In fact, using high-end 
graphics hardware, 3-D textured volu
metric images can be rendered at rates 
of up to 10 images per second enabling 
thus the application of new virtual re
ality techniques. 

Automatic Detection of Ground 
Glass Opacities on Lung HRCT 

The last paper in the area of image 
and signal processing is the work by 
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Heitmann et al. [7]. In this work the 
implementation of a method to auto
matically detect ground glass opacities 
(GG) on HRCTusing a hybrid scheme 
composed by neural networks (NN) 
and expert rules is presented. The 
method is validated using high-resolu
tion CT images obtained on a third 
generation CT scanner from 20 pa
tients, and 120 individual scans which 
were reviewed by an experienced chest 
radiologist. Subsequently, theNNbased 
method output was compared with the 
diagnosis of the radiologist. 

The self-organizing map (SOM) was 
chosen to act as GG classifier. The 
reason is that it can be trained in an 
unsupervised way, and if fed with a set 
of training vectors with unspecified 
classes, it can organize its memory in 
such a manner that it can subsequently 
recognize similar inputs in the classifi
cation process. As training patterns, 
parts of CT scans were used. The 
input to the NN can be images or 
feature vectors defined as sets of tex
tural parameters calculated on a small 
image neighborhood. 

It was shown that when using NN 
only for detection of GG from HRCT, . 
.the classification results showed high 
sensitivity(> 95% ), but poor specific
ity due to the misclassification ofhigh
contrast areas of low-density lung tis
sue close to high-density structures. 
Thus, the next step was to train differ
ent SOMs with different inputs, and 
connect their outputs through expert 
rules. Thus, a single SOM was trained 
to detect GG, while two additional 
SOMs were trained to detect only 
high-contrast areas. Subsequently, us
ing a simple expert rule combining the 
outputs of the three SOMs, the false
positive rate fell back strongly. 

The environment used for the de
velopment of this. NN based detector 
(FLEXKON) operates under ~S
WINDOWS and partially under SUN
SOLARIS, and allows the easy set up 
of defining and connecting processing, 
learning and classification modules 
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based on NN and fuzzy logic, thus 
permitting the update of the hybrid 
detector scheme used. The results of 

·this experiment are quite promising, 
since 91 out of the 120 slices were 
correct! y classified by the NN based 
system, while 16 normal cases were 
misclassified as mild cases due possi
bly to inadequate window setting. Only 
11 cases were significant false classi
fications due to .inotion artifacts or 
diaphragm. Thus, this paper shows the 
added power in detection and classifi
cation problems in medical imaging of 
hybrid methods containing modules that 
can be a combination of NN and ex
pert rules that use as input NN outputs. 

Conclusion 

In conclusion, the first three papers 
[ l-3] show that intelligent instrum
entation techniques for the recording 
ofbiosignals can reduce the complex
ity of signal processing algorithms, and 
at the same time provide clinically 
reliable and usable results. It is inter
esting to note that the two papers deal 
with the issue of respiration, while the 
other one with multi-channel EEGs. It 
is also interesting to note that in the 
papers dealing with respiration the 
auxiliary use of ultrasound and ECG 
gated MRis are pivotal to the success 
of the proposed methods. Hence the 
use of integrated information in every
day clinical practice becomes a reality. 

The paper by Schijvenaars et al. [ 4] 
exposes the problems we face when 
artifacts (such as electrode shifts) in
fluence diagnosis. The results show 
that we still need numerous evalua
tions of automated ECG analysis pro
grams in order to use them reliably in 
everyday clinical practice. To this end, 
the collaboration of human experts is a 
must, but it is not an easy task. 

The last three papers [5-7] address 
issues in image processing. It is evi
dent that future directions in research 
in biomedical imaging include: 

- Efficient data management 
- Intelligent pre-processing 

modular and hybrid 
techniques 
Conditioning for reliable 3-D 
ization and tendering in high 
end graphics workstations for 
development of medical v· 

--~ ... .,_ 
ity techniques. 
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