About me (Luoluo Liu, Ph.D 19 from Hopkins)

Philips Research North America (PRNA) 2020- present

Detection and early warning algorithms from
wearables, bedside monitors, and lab results

e chronic respiratory diseases: asthma, COPD

Pre-graduate industrial works

simulation of motion-corrupted MRI images and
automatic deep-learning scoring of those images.

summaii

Hospital Operational improvement

e Interpretable method on Recurrent patients
identification summary

algorithmic approaches to tackle data imbalance in
minimum inhibitory concentration detection project



https://luoluo-l.github.io/files/EMBC2022_eposter_03.pdf
https://luoluo-l.github.io/files/cic_poster_0516.pdf
https://luoluo-l.github.io/posts/2022/04/blog-post-4/
https://patents.google.com/patent/US11255943B2/en

Current work @ Philips Research

d Iseas es ea rly-wa rn I n g pred ICtI o n The Department of Defense’s Defense Innovation
. Unit and Philips are studying the ability of Garmin
a n d t h reat d ete Ctl 0 n watches and QOura rings to collect data that can
offer an early warning of COVID-19 infection.
[Photo courtesy of the DOD Defense Innovation
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https://www.usa.philips.com/a-w/about/news/archive/standard/news/press/2020/20200922-the-us-department-of-defense-philips-expand-research-on-groundbreaking-ai-technology-opening-new-front-in-battle-to-contain-covid-19.html
https://www.usa.philips.com/a-w/about/news/archive/standard/news/press/2020/20200922-the-us-department-of-defense-philips-expand-research-on-groundbreaking-ai-technology-opening-new-front-in-battle-to-contain-covid-19.html
https://www.usa.philips.com/a-w/about/news/archive/standard/news/press/2020/20200922-the-us-department-of-defense-philips-expand-research-on-groundbreaking-ai-technology-opening-new-front-in-battle-to-contain-covid-19.html
https://www.nature.com/articles/s41598-022-07764-6

Different modalities that | have worked with

Modality

Capnography (Co2)

Photoplethysmography
(PPG)

Electrocardiogram
(ECG or EKG)

ECG impedance
waveform

Audio

Sample waveform

CAPNOGRAPHY

atvootar
dead space

pC0, (mmHg)

- eCOs

evcO.

sound examples

Clinical usage

Clinical gold standard for
respiratory rates,

Rich features indicating
various diseases

measure Oxygen
saturation

measure pulse rate

measure breath rate

Limited use (breath sound
tests, heart sound tests)

Wearable info

Portable Capnography
product exits

Popular wearables such
as watches, rings
Flexible wearables
(clothing)

Patches

Chest bands

Easily accessible thru
phones, and other devices


https://www.youtube.com/watch?v=3Kkp6ZM35As&ab_channel=Medzcool

Times-series and operational research

Hospital Operational improvement

Interpretable method on Recurrent patients identification summary

Interpretable framework to identify top-X factors associated with ED & in-patient recurrent visits.

Algorithms for AR (Association XGBoost+ MSAR
selecting Top-X factors rules) Shap values (Ours)
Interpretability Yes Medium Yes
Balance confidence support trade-off | No No Yes
Ability to select high-confidence, Limited Limited Yes
low-support factors

Consistency High medium High
Ability to distinguish across factors Limited Limited Yes



https://luoluo-l.github.io/files/EMBC2022_eposter_03.pdf

Times-series and operational research

predict unit level next day median Length of Stay using LSTM neural network summary

Day N: the number of
placed imaging orders Day N: the number of

(ultrasound, CT, MRI ED arrival cases
and X-rays, ¢t¢)

e

LSTM neural Predict the next Day

N+1: median ED-LoS

Day N : median
BRrLes network

Figure 1. Diagram of the proposed method


https://luoluo-l.github.io/posts/2022/04/blog-post-4/

Times-series and operational research

Improvements of 30-day readmission risk predictions summary

17% AUC improvement of the original LACE+ readmission risk score

the improved LACE+ algorithm:

Here is an illuatration of the improved LACE+ algorithm:

Diagnosis
codes(ICD9-10)

Demographics
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\
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Clinical
categories
(dim ~400)

Comorbidity
index

Feature

| pre-processing

XGBoost

model

Risk score
as a feature

30-day
re-admission

XGBoost
model

risk score



https://luoluo-l.github.io/files/cic_poster_0516.pdf

Image Processing and computer vision:
Deep learning scoring motion-corrupted MRI images

Step 1: Simulate and score
volumetric MRI image motion
using deep neural networks

picture from here

summary of this work

Step 2: Scoring using deep neural nets
Two approaches:: 3D and 2D multi-channel network
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https://patents.google.com/patent/US11255943B2/en
http://www.diffusion-imaging.com/2015/11/a-guide-to-quantifying-head-motion-in.html

Medical image classification

Thalamus segmentation

Perspective view of an atlas
thalamus

Comparison of
typical results from
various algorithms

Sample 5000 voxels from region 1, 2,3 at
fixed ratios

summary of this work



https://www.spiedigitallibrary.org/conference-proceedings-of-spie/9784/97843H/Segmentation-of-thalamus-from-MR-images-via-task-driven-dictionary/10.1117/12.2214206.short?SSO=1

Robust Classification methods with missing data

1. Structured missing data

Application area: detect facial images with
masks without alignments
(automatic face detection)

summary of this work

Example results
on AR dataset

Comparisons:
MKD-SRC (feature
based [4]);

SDL with the same
initialization.

Metric: Rank 1
accuracy on

3 random partial
patterns

Rank 1 accuracy (%)

Problem Statement

(a) Training: l] (b) Testing: partial data
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https://ieeexplore.ieee.org/document/7472105

Robust Classification methods with missing data

2. Extremely large missing data observation ratios on object
detection and classification

summary of this work

Reconstruction-free (imputation-free) object detection on any observed patterns

Detection on
observation ratio: 25%

Detection on the original image


https://ieeexplore.ieee.org/document/8646498

3. Robust collaborative bootstrapping method against the presence of

adversarial example

Adversarial
sample (a)

Examples of dictionary atoms

Trend of L1 salutices varing sparsity parameters

Charrse mudium Sparse
PSNR = 11.9748

PSNS = 9.27d8 FSNR = 850 dE

Trend of Bapging sokmtions varing sparsity parameters

PSNR=19.71d8B PSNR=21.114d8 PSNR = 1941 dB

details of the proposal

Trend of JOBS sclutions varnrg sparnsity parsmelers
oores medium Sparse

PSNR = 16.97d8  PSKR = 204748 PSNR = 22.37 dB

Proposed


https://jscholarship.library.jhu.edu/handle/1774.2/62280

Theoretical understanding sparsity optimization problem

JOBS Bagging
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Heatmaps are signal to noise ratios



Image reconstruction from OCT system

CHiRP-CS MHz OCT

Microscope slide sample
reconstruction
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Proposed algorithm:
Fine-tuned weighted ||
11 minimization

https://opqg.optica.org/oe/fulltext.cfm?uri=oe-27-25-36329



https://opg.optica.org/oe/fulltext.cfm?uri=oe-27-25-36329

Image reconstruction from CS imaging system

System calibration and image reconstruction of compressed sensing imaging system

Hardware to create quasi-random Bernoulli sensing matrix
- Replacing conventional mirror with tilted-mirror array

Intensities of multiple object points are encoded together in a single pixel.
Measured Ima

Focal plane array .™T" 3f

Camera lens / ! '
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obyj

Note: PSF is similar for all object points (pot independent/random) .

Mathematically similar to Coded Aperture Imaging, with additional
capability of having rotations in subimage replicates 1

https://ieeexplore.ieee.org/abstract/document/7905821

paper link

Experimental Results - large noise

Original image Projected image Measurements
(20% of projected image)

Result of sparse calibration Sparse Recovery Result
of transfer function


https://ieeexplore.ieee.org/abstract/document/7905821
https://drive.google.com/file/d/10cPYXlAAIM15mkEnvD1gljy43sUw39hj/view

Highlights of my Ph.D work at Hopkins

e novel robust collaborative sparsity methods with applications in sparse regression, difficult image
classification problems with large missing ratios, challenging structured missing, the presence of
adversarial examples,

e theoretical understanding of collaborative vs independent approach (bagging)
o determine optimal parameters for both
o understand performance limits for both

e image classifications, regression
e Image reconstructions from hardware systems



Audio Signal Processing

Speaker sound removal
Audio denoising
Physionet challenge on heart sound classification

Classification on lung sounds



Natural Language Processing/ text

keywords confidence

Rule-based keywords matching from powerpoint slides networks 0.44

Keywords and phrase extraction from powerpoint slides communities | 0.41

clustering 0.40

graphs 0.40
adjacency 0.37
Key words | Example
and key OUtpUtS Key phrases confidence
phrases graph community 0.65
detection problem
extractor
Example of overlapping example diabetes heart | 0.35
communities' detection disease
activation use GNN 0.26




Natural Language Processing/ text

ChatCPT assists programing demo link

Current software engineer workflow Proposed software engineer workflow

reference Debug, feedback

0.0 :>
W <—

reference

ChatGPT

Ask feedback



https://luoluo-l.github.io/posts/2023/02/blog-post-1

