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Qi"" PULSE Lab Overview
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*generated from light (PA) or sound (US) transmission
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=2 Improved image quality in
overweight and obese patients
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—>Reduced number of fluid
breast masses recommended
for biopsy from 43.3% to 13.3%
= Promising for women with
dense breast tissue
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i-:,' Coherence-Based Photoacoustic Imaging

* Optical penetration depths limited by melanin absorbers, which cause acoustic clutter
* Leads to inherent skin tone bias with amplitude-based techniques
* Coherence-based beamforming will reduce clutter in patients with darker skin tones
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Fernandes et al., Photoacoustics, 2023 Featu red on CCMI




i.:,’ Flexible Array for Photoacoustic Guided Surgery
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» Single signal processing technique enables more equitable
medical imaging
* Diversity drives innovation
« Datasets (e.g., overweight and obese, dense breasts, dark skin tones)

* Personnel (e.g., 9 current PhD students: 1 BME, 7 ECE, 1 CS)
« Background (e.g., MechE, BME, CS, Physics, ECE, Oncology)

* |gnore traditional disciplinary silos when innovating new ideas,
yet introduce boundaries when grant writing, publishing, etc.
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i.:,’ Flexible Array Technology for PA-Guided Surgery

« Conforms to different surfaces

¥ Unknown array shape

X Unknown sound speed

Correct array shape Incorrect array shape

) Interest surrounding photoacoustic target
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\W Flexible Array Technology for PA-Guided Surgery
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i.:,r Detection of Mass Contents In Dense Breasts

Difficult to distinguish fluid masses
(benign) from solid masses (benign
or malignant) with DAS
beamforming

—> High false positive rates

—> Biopsies, aspiration, follow-up

—> Patient anxiety

Promising Solution: Coherence-Based

Beamforming
= Reduced number of fluid masses recommended for
biopsy from 43.3% to 13.3%

= Related LOC metric promising for dense breast tissue

Axial (mm)

Wiacek et a/, Ultrasound in Medicine & Biology, 2020

Wiacek et a/, Ultrasound in Medicine & Biology, 2023
Sharma et al, IEEE TUFFC, 2024 (funded by NIH RO1 EB032960)
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i.l" Improved Image Quality in Overweight & Obese Patients

vessels
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Jakovljevic er al. 2013 Kakkad et a/. 2015

*SLSC = Short-Lag Spatial Coherence, Patented in 2016
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i.:,r Applications In Deep Learning

Intermediate

* Photoacoustic coherence functions were learned to
provide SLSC images for a diversity of skin tones!
* Reduces clutter and skin tone bias present in
traditional amplitude-based images?
1 : 1 ] . , .

CPU SLSC

— CPU SLSC
— DNN SLSC
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Timana, Fernandes, Pavan, Bell, /EEE /1US, 2023
2Fernandes et al. Photoacoustics, 2023 3Zhang et al. IEEE IUS 2022
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i-:,’ Open-Source Datasets, Code, Resources

|

Challenge on
Ultrasound Beamforming
with Deep Learning

e

PICMUS is part of the IEEE IUS 2016, Tours, France.

V.

UltraSound ToolBox

MATLAB toolbox for processing ultrasonic signals

cubdl.jhu.edu

icee

NTERNATIONAL
LTRASONICS
YMPOSIUM

www.creatis.insa-lyon.fr/Challenge/IEEE_IUS_2016/download

September 18-2], 2016, TOURS, FRANCE
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COVID-19 Detection with Artificial Intelligence

Example Results

wireless smart phone
probe : with Lung ylrasound Images
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» 3=3 Conv + BatchNorm + RelLU — Skip connection
»2*2 MaxPool |:>2><2 UpConv E> 1x1 Conv + Sigmoid

(can be deployed in remote locations)

* First to train DNNs with simulated lung ultrasound data
* Accuracy better than training on /n vivo data when applied to /1 vivo patient images

* Assists with identifying and monitoring COVID-19 and other lung diseases

*Data, code, and segmentation labels are public: L Zhao, T Fong, MAL Bell, Nature Communications Medicine, 2024
https://gitlab.com/pulselab/covid19 (funded by NIH Trailblazer Supplement NIH R21 EB025621-03S)
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Nair, et al. “Deep learning to obtain simultaneous image and segmentation outputs from a single input of raw
ultrasound channel data.” /EEE Transactions on Ultrasonics, Ferroelectrics, and Freguency Control, 2020
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CUBDL Resources

Open source evaluation code

v GitLab

Update README.

Largest Crowd-sourced
database of training & testing data

ultrasound .
channel data! |IEEEDataPort

Added image to README.md.

Add top submitted networks and make min...

1_CUBDL_Task1_Data

Add top submitted networks and make min...

2_Post_CUBDL_JHU_Breast_Data

Merge development branch into master

-+ README.md Update README.

3_Additional CUBDL_Data

B README.md

| ~CUBDL_Data_Releass_Agreement.pdf

CUBDL - Challenge on Ultrasound Beamforming with Deep Learning

Description

CUBDL_Phantom_Details.xlsx

This repository is for the 2020 |EEE International Ultrasonics Symposium Challenge on Ultrasound Beamforming with Deep Learning. Example

anstrate the input data format and the metrics. This repgsiteaauaslatacundatad an lub ol

README txt CUEDL-related datasets. . :
Trained network

PyTorch DAS beamformer
' weights from CUBDL
Hyun, Wiacek, Goudarzi, P Y TbR C H winners

Rothlubbers, Asif, Eickel, class DAS Pu(torch.mn.todule):

Eldar, Huang, Mischi, Rivaz, | " " """
Sinden, Sloun, Strohm, Bell e e & rothlubbers
IEEE TUFFC, 2021

& goudarzi
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CUBDL Contributors

Lead _ Post-CUBDL
Organizer CUBDL Co-Organizers Evaluator & Data

_Curator _

/ \ B 74 0
MAL Bell J Huang RJG van Sloun YC Eldar M Mischi A Wiacek
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