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PneumoScreener: Al based tool for automatic detection of anomalies
from Chest XR and CT images
Djapic V.
The Institute for Artificial Intelligence Research and Development of Serbia, Belgrade, Serbia
vladimir.djapic@ivi.ac.rs

In many hospital systems, Chest imaging is required for all patients when being admitted to
the hospital. During pandemic Chest imaging was essential diagnostics tool of COVID-19 disease
and in the decision making on hospitalisation and the treatment options, at various stages of the
disease. Fast and accurate diagnostics of the COVID-19 is possible with chest X-ray (CXR) and
computed tomography (CT) scan images. Our project, PneumoScreener, used Al, in particular deep
learning approaches, to build an automated system that can be used in processing CXR and CT
scans for early, or advanced signs of the COVID-19 pneumonia, or any other related pathology. We
selected ResNet50 [1], EfficientNet BO [2], EfficientNetv2 B02 [2], VGG162 [2] and our custom
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model. The chest X ray and CT scans from Serbian national data base (regular and COVID
hospitals), combined with the datasets readily available from open access online databases were
used for training, validation, and testing. We designed and implemented function
PneumoScreenerPreprocessor, using C++ and OpenCV (with python used for automation and
CMake for generating building files), for data pre-processing which were further used for the
training of the neural networks. Software functionalities included data normalization, data
augmentation (rotation, shift, flip), resizing and accuracy check. In addition, created software
library PneumoScreener with routines for loading Al models, extracting features and performing
predictions (inference) on datasets. Using this library, we have developed command-line interface
(CLI) scripts: ModelSelection, FeatureExtractor and ImageClassifier for testing of algorithms for
model selection, feature extraction and image classification. At the end, we selected deep learning
model which we further optimized and used for extracting features and image classification. We
defined and implemented several new Al algorithms for detecting: (1) if lungs are healthy or
pneumonia is present, and (2) in case of pneumonia which type of pneumonia is present. In case of
CXR (as input), model can detect four types of pneumonia: COVID, non-COVID-viral,
Tuberculosis and non-Tuberculosis, other bacterial pneumonia. In case of CT slices, only COVID,
non-COVID and Normal classes are available. In addition to detecting COVID-19 caused
pneumonia and differentiating it from other viral and bacterial pneumonia types, the goal of our
project was to determine the severity pneumonia. For the purposes of extraction of lung regions and
lesions from CXR and CT slices, and calculating severity of pneumonia, we defined several
algorithms which accept normalized (statistically) CXR / CT slice image, process it and output
bitmaps with lungs and lesions masks. These segmentation models are developed as UNet models
with EfficientNet and EfficientNetv2 as a backbone (we used B0 for testing). Finally, we designed
and implemented several python scripts for automated testing of algorithms and applications,
developed in previous phases, performed several iterations of testing. Also, we performed training
of developed models on Serbian State Data Center (DGX supercomputer) infrastructure, tested
trained models using developed scripts and compared training performances and prediction results
with models trained on PC and other models on WWW. At the end, we analyzed the results and
drew conclusions. After running test on all open access datasets (in-distribution test), we obtained
cumulative accuracy of 97,1987 % and for CT models (in-distribution test) cumulative accuracy of
99,8676 %. These results are better from all models from COVID-Net [3] cited by 2567 other
articles, large research initiative and most of models we found on WWW. After running on CXR
dataset obtained from a Serbian COVID-19 hospital (out-of-distribution test), we obtained
cumulative accuracy of 93,3993 %. We also developed an Al-powered clinical decision support
system user interface (not subject of this article) and are working on its integration with a generic
picture archiving and communication system (PACS) [4]. Furthermore, the results of our research
and our PneumoScreener Al tool can be used as a fast-screening tool during future pandemics.
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Time and consciousness in intuitionism
Milovanovi¢ M.
Mathematical Institute SANU, Belgrade, Serbia
milosm@mi.sanu.ac.rs

Brouwer’s claims that time is a primordial intuition of consciousness has been considered in
terms of the complex systems physics. The time continuum that is based upon a processual
definition of real numbers concerns a skeletal category of such intuitionism which should be related
to the measurement problem. A multiresolution hierarchy of the measurement process corresponds
to the time operator that is a formalism of complex systems which was developed by the Brussels
school of thermodynamics. The wavelet domain hidden Markov model that recapitulates statistical
properties of the hierarchy has been proven tremendously useful in a variety of applications,
including speech recognition and artificial intelligence. The model provides switching between
outer and inner psychophysics, due to a change in representation which is the operational function
of time. The inner psychophysics, which is a relation between sensation and neural activity,
corresponds to the recognition of structural information that has been reflected by the increase of
statistical complexity in the temporal domain. The optimal measurement corresponds to the most
prominent increase that is an indicator of the system's self-organization, which presents an evident
link between time and consciousness.
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