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Chest CT 
Detects MORE Nodules 

+17% -20%

Chest CT 
Saves MORE Lives 
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LUNA16 Challenge 
LUng Nodule Analysis 

2016

Med Image Analysis Dec 2017; Volume 42:1-1r3

10 Subsets for C.V.

Algorithm marked class 0s

4 Radiologists annotated 
nodules > 3mm



888 CTs = ~300 GBs of DICOM/.mhd + Metadata

3D Chest CT
2D CT Slice ROI: Class 0, ~550k

ROI: Class 1, ~1,200



700 : 1



process/clean raw data  

Building a Great 
Dataset!

data storage

ready to train?

EDA



Processing Raw Data



Patch Creation Challenges (2D shown)

Possible
Solutions

Best Solution:
-2000 HU Constant



Patch Creation Challenges (2D shown)



Data Storage Pipeline



Classification

Computer Vision Primer

Semantic Segmentation Object Detection Instance Segmentation, new!

Vehicle Vehicle

Sky

Forest

Road

One object

Each pixel classified, 
providing location

Datsun 280z

  Nissan Skyline

Datsun 280z

Nissan Skyline

Multiple objects, located

DATSUNSKYLINE



What’s Our Goal?
Semantic Segmentation

Class 1Class 0



preprocess 
more data… :/

Training a Model!

HyperParam 
Tuning… :/ Waiting... :/



Initial Trial Run UNet Results



Training Data Ideal Mask Our Mask

Generating Patch Masks:





Ronneberger, Olaf et al. “U-Net: Convolutional Networks for Biomedical Image Segmentation.” ArXiv abs/1505.04597 (2015)
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3:1

No

No

.009
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Model HyperParameter 
Tuning 4Epochs



FROC (Free-Response Operating Characteristic) Assessment 
Results Comparison (3 vs 64 Slices)

Our model

Bandos, A. I., et al. (2009). Area under the free‐response ROC curve (FROC) Biometrics, 65(1), 247-256.



Dice Coefficient (0.0 - 1.0 Scale)

0.81



Sagittal
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Transverse
Plane

True Positive True Negative

Original Img
Tumor 

Prediction Overlay Original Img
Tumor 

Prediction Overlay

Look for the nodule in the circle



3 True Positives

Sagittal
Plane

Transverse
Plane

Look for the nodule in the circle

Original Img Tumor Prediction Overlay
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Plane

Coronal
Plane

Sagittal
Plane



our model missed a nodule

Transverse

Sagittal

Coronal

hand marked nodules 
in red for easier spotting



"Everybody has a plan 
until they get punched in 

the mouth."

Iron Mike inking by Rob Stinogle



How to Improve this System?



How to Improve this System?

Fedorov A, et al. 2018. Standardized representation of the LIDC 
annotations using DICOM. PeerJ Preprints 6:e27378v1

Reina, G. A. et al. (2019).ADVERSE EFFECTS OF IMAGE TILING 
FOR AUTOMATIC DEEP LEARNING. Neuro-oncology



As well as

Lots… of





tt

19 new cases & 10 deaths from lung cancer

During this            Minute Talk 45



Kyle Shannon 
Cup of coffee? 

kyle@kmshannon.com

Contributions & Interests

Improving access to healthcare in rural 
settings, (facilitated > 200k medical trips 
over 5 million miles last year in NY/CA)

Partnering with hospitals to reduce 
readmission rates

Building data & ML tools for clinicians

Starting center for the UC-Health weekend 
pick-up game basketball “league”

linkedin.com/in/kmshannon/
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Model Tuning Table



Hounsfield Units For Biological Material



HDF5 - Why And When To Use



HDF5 - It’s FOSS
Group: A folder like element within an HDF5 file that might contain other groups OR datasets within it.

Dataset: The actual data contained within the HDF5 file. Datasets are often (but don't have to be) stored 

within groups in the file.



Model A

Model B

Model C

Generic U-Net Model 

With Batch Normalization and Localization + Classification

With Batch Normalization, Hounsfield Normalization and Localization + Classification

UNET Model Approaches



Dice Metric - Think F1 Score



1,186 551,065

Marked by CAD 
Algorithm

Marked and Scored 
by 4 Radiologists

Class 1 vs Class 0



End-to-End Classification Pipeline - RESNET



RESNET 3D

Skip Connections!



FROC Assessment Results Comparison 64 Slices (1 vs 4 Epochs)



Initial Trial Run UNet Results



Track 2 Localization (Segmentation) + Classification Pipeline



UNet Model Overview



Project Organization



Patch Extractor FlowChart


