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Combination of advanced imaging sensors, image processing and imaging infrastructure with 

newly available AI algorithms can significantly impact in medicine

L1. Sensors/ Signal 

processing 

Medical Physics Vision

L2. Imaging systems/

multimodal image processing

and decision support systems 

L3. Imaging infrastructures

and automatic classification 
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Medical Physics Research Lines and impact

Better timing

Better spatial localization

Improved lesion 

detectability

Better signal

Less noise

Improved lesion 

detectability/

classification

Association between complex 

image content and clinical outcome

Improved medical 

diagnosis/prognosis and decision

L1. Sensors/ Signal 

processing 

L2. Imaging systems/

multimodal image processing

and decision support systems 

L3. Imaging infrastructures

and automatic classification 
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L1. Sensors/ Signal processing

Better timing 

PET with Time of flight (TOF) info

Compute the difference in time of arrival 

of gammas 

Pushing coincidence time resolution down to 150 ps

and including Depth of Interaction (DOI) info
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(1.53 ×1.53 x 15 mm3)

Very good timing properties

Improved lesion 

detectability (>25)

d=0.25mm

d=3mm

Δt
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BC422

(200 μm)

LYSO

(100 μm)

15 
mm

Heterostructure in a crystal array

Energy sharing between inorganic and fast scintillator

Excellent timing properties

L1. Sensors/ Signal processing

Pushing coincidence time resolution down to 10 ps

with accurate DOI info

Improving accuracy in crystal identification

(including DOI info)

Faster light 

production

DOI 

measurement

Improved lesion detectability and 

quasi-direct image reconstruction
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use of AI to improve sensor DOI resolution

Significant improvement in LYSO DOI resolution,

especially for edge crystals (err from 3.76 to 3 mm)

Beneficial impact on image quality, especially for

organ dedicated PET scanners

L1. Sensors/ Signal processing

predicted

expected
d=3mm

d=3mm
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L2. Imaging systems/ multimodal image processing and decision support systems 

Selecting combination of structural and functional 

features of local disease from expert-domain

(developing  representation methods - radiomics)

clinical 

outcome

(malignant/

benign)

US

Using such features to 

train machine learning to 

predict disease clinical 

outcome

(developing  machine 

learning predicting models)

Explainable AI output for 

clinicians
New disease biomarkers from imaging for diagnosis
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L2. Imaging systems/ multimodal image processing and decision support systems 

ADC-MRI

T2-MRI

Selecting features from expert-domain

(developing tissue segmentation methods)

T1-MRI WM

GM CSF

Developing signal/image pre-processing 

from expert-domain

(developing image harmonization methods)

Nyul normalizationNo image normalization

New disease biomarkers from imaging for prognosis

ADC-MRI

region growing segmentation
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L2. Imaging systems/ multimodal image processing and decision support systems 

Fast automatic diagnosis and differential diagnosis

Developing Computer Aided Diagnosis (CAD)/

Decision Support Systems (DSS)

for intensive/urgent/critical care

Covid-19 pneumonia

other viral pneumonia Bacterial pneumonia

no pneumonia
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X-ray Phase Contrast Imaging (PCI) at Biomedical beamline (ID17) of the European Synchrotron 

(ESRF, France)

-image contrast derives from the perturbations of the X-ray wave-front induced by the presence 

of an object along its propagation path, in addition to the x-ray absorption exploited in 

conventional radiography.

-superior image contrast and sensitivity with respect to standard X-ray attenuation (soft tissues)

The detection systems include a portfolio of detectors to perform multiscale imaging, with 

pixel size from 0.65x0.65 µm2 (PCO.Edge.5.5 + 10X optics) to 75x75 µm2  (Eiger2-CdTe 

single photon counting)

High-contrast and sensitive images at quasi-histological resolution

L3. Imaging infrastructures and automatic classification
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L3. Imaging infrastructures and automatic classification

X-ray PCI for clinical diagnosis from CT to 

histology image resolution

CT image PCI image

histology eusina image MG image

bony vertebral bodies and soft-matter structures 
within spinal cords, vertebral disks and spinal fat 
and muscles, 

spine vertebra
voxel size: 8 μm3

voxel size: 46 μm3

Better lesion detectability and interpretation
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X-ray PCI combined with AI to speed and improve

image reading

sagittal PCI CT 

images of a 

healthy cartilage

sample

osteoarthritic 

cartilage sample 

with a small crack 

of the tissue 

visible on the right 

side

Healthy liver fibrotic liver

L3. Imaging infrastructures and automatic classification

VGG16

Inception V3

Xception

fat liver

automatic diagnostic classification
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Collaborations


