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1. Introduction

The project focuses on training Machine Learning (ML) algorithms to detect pulmonary Tuberculosis (TB) in-
fections in clinical imaging. We have identified 5 publicly available datasets of TB infected lung radiographs
in medical literature. These datasets have been used repeatedly to train ML algorithms to detect TB.1 The
main reason for improvements in accuracy of TB detection has been the use of increasingly sophisticated
algorithms.1234 To introduce a high volume of new data with known TB indicators, we propose to generate
synthetic data from high-resolution digital twin lungs. The study will leverage Hierarchical Phase-Contrast
Tomography (HiP-CT) scans which are produced at the European Synchrotron Research Facility (ESRF) beam-
line BM18. These are high-resolution 3D scans ("20 pm) of whole organs, with regions of sub 2.5 pm resolution.
Scans will be taken of ex-vivo healthy and TB-infected lungs. The data will be processed into a large number
of 3D models that include a known set of TB indicators. These models will be reprojected into simulated Chest
X-rays (CXR) with software using the Geant4 toolkit which simulates the passage of particles through matter.
These simulated radiographs with their labelled pathologies will then be used to train classification algorithms
for the detection of TB in the lung. This method could be extended to various other organs in future, and as
such can assist us in improving the diversity of datasets utilized by the ML community.

1. Results

Figure 1 is a CXR of a patient infected with TB. The dark region on the left side is a pulmonary cavitation. This
occurs when normal lung tissue dies from the infection, thus becoming gas filled. Figure 2 is a demonstration
of simulating a CXR using a low-resolution 2D model. The X-rays passing from source to detector interact
with several tissue classes and scatter realistically. The detector element can record the X-ray dose absorbed
to build a 2D radiograph like in figure 1. We intend to use high resolution HiP-CT data which, due to the
non-linear progression of TB, can provide a detailed understanding of the evolution of pathologies down to a
cellular level. We aim to combine scans into many digital organs which will exhibit differing presentations of
the infection and include truth data allowing optimised training of ML algorithms.
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