
Open science: a path to success 

in academia and industry

Stephen Aylward, Ph.D.

Senior Director of Strategic Initiatives

Kitware, North Carolina



The professor…



…and his students

Bob (the “perfect” student)



Bob 
graduates

$

$

$



I cannot find Bob’s 

code.



Bob’s code 
won’t compile



I cannot 
replicate Bob’s 

results



I emailed Bob a 
question, but he 
hasn’t responded



Open Science is the answer

Focus on publishing your research

so that other people can duplicate

and learn from it.
• Software

• Data

… sharing leads to success
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“DOUBT EVERYTHING and only believe 

in those things that are evidently true 

(reproducible)”

-- Descartes 1637

Discourse on the (Scientific) Method

“Open Science” began in 17th century with 

the advent of the academic journal



A Failure of Science (scientific publication)

Nature (March 2012)

-- Glenn Begley: Head of cancer research at Amgen (pharma giant)

-- Lee M. Ellis: Cancer researcher at the University of Texas

Identified 53 'landmark' publications.

Sought to double-check the findings before building on 
them for drug development.

Result: 47 of the 53 could not be replicated.
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2) Inadequacy of journal articles

>>



3) Priorities: I have more important things to do…

start my

company

sell my

company



“…much of our intelligence and creativity results 

from interactions with tools and artifacts and from 

collaborating with other individuals.”

-- Dr. Ben Shneiderman, 1986

Eight Golden Rules of Interface Design

Benefits of Open Science



“Whoever has the most ideas stolen, wins.”

-- Dr. Fred Brooks, UNC Comp Sci, 2001

Benefits of Open Science



Open Science is Easy

• Public databases

– FITBIR: Database for TBI data

– TCIA, GenBank, …

• Open-source software: R, Python, MATLAB

– Standard for citing software (SPIE & Code Ocean DOI)

• Open-access journals, methods and data journals

– Electronic notebooks



Impact: Publications, grants, tenure,…
1. An Object-Oriented Approach To 3D Graphics (Schroeder) Object-

oriented modeling  and design (Lorensen)
• 13,000+ Citations

2. VTK Maintenance NIH R01 ($3.4M)

3. CMake, VTK, ParaView, 3D Slicer, ITK
• 130,000 downloads per month

4. Image Segmentation Module (MATLAB)
• 650+ downloads per month

5. Data smoothing with Splines (R Script)
• 4,500+ downloads

6. 2D-3D Registration Module (ITK: Inight-Journal.org)
• 30,000+ downloads
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“Researchers typically act like a bunch of four-year-olds

playing soccer…they crowd around and kick wildly at 

the ball.  The ball eventually shoots out from the crowd, 

and they run to it and crowd around it again...”

-- Scott Senften, 1995

• Goal?

• Teamwork?



During meetings, do not discuss other companies. 

All decisions should be based on what is good for 

the customer. Avoid the “me too” business strategy. 

To get ahead of the market, you have to think for 

yourself.

-- Jeff Bezos (Amazon, CEO)



Academia and Industry: Success

Open science (share, collaborate) and….

focus on the goal (customer, patient)

Also…have as much fun as 4 year olds playing soccer…
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Kitware’s customers & collaborators
Over 75 academic 

institutions…
Over 50 government

agencies and labs…

Over 100 commercial 

companies…

Harvard

Massachusetts Institute of Technology

University of California, Berkeley

Stanford University

California Institute of Technology

Imperial College London

Johns Hopkins University

Cornell University

Columbia University

Robarts Research Institute

University of Pennsylvania

Rensselaer Polytechnic Institute

University of Utah

University of North Carolina

Queen’s University

National Institutes of Health (NIH)

National Science Foundation (NSF)

National Library of Medicine (NLM)

Department of Defense (DOD)

Department of Energy (DOE)

Defense Advanced Research 

Projects Agency (DARPA)

Army Research Lab (ARL)

Air Force Research Lab (AFRL)

Sandia (SNL)

Los Alamos National Labs (LANL)

Argonne (ANL)

Oak Ridge (ORNL)

Lawrence Livermore (LLNL)

Automotive

Aircraft

Defense

Energy technology

Environmental sciences

Finance

Industrial inspection

Oil & gas

Pharmaceuticals

Publishing

3D Mapping

Medical devices

Security

Simulation



The Insight Toolkit (ITK)

1999: NLM organized $13.5M for ITK
• GE Research / Harvard

• Kitware, Inc.

• Insightful / UPenn

• UNC / UPitt

• UPenn / Columbia

• University of Utah

• Mayo Clinic

• Harvard / Brigham and Women’s Hospital

• Cognita, Inc.

• Imperial and King’s College London 

• University of Iowa

• Georgetown University

• Carnegie Mellon University



The Insight Toolkit

2017: ITK is the dominant toolkit for 
medical image segmentation and 
registration

• 1.5M lines of code

• Estimated at 452 years of effort

• C++, Python

• Mac, Linux, Windows

• 40% of the code contributed by “others”



Open-source platforms 
• ITK & 3D Slicer image analysis and personalized 

medicine research

• VTK & ParaView scientific data visualization and 

analysis

• CMake cross-platform build system

– CDash, CTest, CPack, software process tools 

• Resonant informatics and infovis

• KWIVER computer vision image and video 

analysis 

• Simulation, ultrasound, physiology, information 

security, materials science, …



SOFTWARE 

PROCESS

Medical = 20% of 

Kitware’s business



HPC & Visualization

Computational Chemistry

Large displays and virtual 

reality

Co-processing

Massive data visualization

1 billion cell asteroid 

simulation

½ billion cell weather 

simulation
Mobile visualization

Simulation Web visualization



Data & Analytics

Bioinformatics
Geospatial infovis

Information visualization

Text analysis



Computer Vision

Function (DARPA)

Images, 
Video, 
Point 

Clouds

Recognition by 
Function

Content-based 
Retrieval

Event & Activity 
Recognition

Anomaly 
Detection

3D Extraction and 
Compression

Detection & 
Tracking



Medical Computing

Quantitative imaging Electronic health records

Vascular analysis
Surgical guidance 

And simulation

Digital pathology Orthopedic analysis

Longitudinal and 

population shape 

analysis

Interactive medical applications 

and visualizations



Example: Point-of-care Ultrasound

• Far-forward, medical and EMS personnel lack portable, easy-to-use 

diagnostic devices to detect:

– Intra-abdominal bleeding (IAB)

– Pneumothorax (PTX)

– Traumatic brain injury (TBI).

• When in-field ultrasound is conducted by experts, patient 

management is altered in 37% of cases. [Walcher 2002]

• Even after hours of training, pre-hospital personnel are not 

sufficiently proficient in FAST for over 48% of trauma patients.  
[Melanson 2001]



Computer-Augmented Point-of-Care Ultrasound

✓ Rugged, compact, portable hardware

✓ Multiple diagnostic capabilities

• Intuitive

– Task-specific interfaces

• Support targeted acquisition of high-quality data

– Automated image analysis

• Display diagnostic results (red light / green light),

not B-Mode images.

BladderScan

Philips Lumify



Equipment and Applications

• TBI (Intracranial pressure: ICP)

• FAST

• Pneumothorax

• Hemothorax

• Renal dysfunction

• Guidance: paracentesis, 

peripheral vascular access

• General medicine: Scoliosis

FAST Exam

PTX

ICP: Optic Nerve

Sheath Diameter





B-Mode ultrasound and tissue characterization

• B-Mode Image = power envelope of returned RF signal
– Single (centered) pulse power and frequency

– Envelope computation and scan conversion = massive data reduction

• RF-based tissue characterization has existed for over 30 years 
[Lizzi 1983]

512

5
1

2

4096 (Time)
1
2
7
 (

E
le

m
e
n
ts

)B-Mode Image RF Data



Ultrasound Spectroscopy
Analyze RF returns from 

multiple powers and multiple frequencies

• Pre-processing
– “Quantitative Ultrasound” [Lavarello 2011]

• RF Characterization
– Chebyshev Polynomial Coefficients

– Legendre Polynomial Coefficients

– Linear Fit (Slope, Intercept)

– Backscatter Coefficient Estimation

• Classification = Neural Network

Power Freq.

1 15% 2.5

2 15% 3.5

3 15% 5.0

4 30% 2.5

5 30% 3.5

6 30% 5.0



Preliminary Ex Vivo Tissue Experiment
P

h
a

n
to

m
 1

P
h

a
n

to
m

 2

Random Forest
Classifier 

(Blood –vs- Not Blood)

Phantom 1 

training data

Phantom 2 

testing data

Blood detection accuracy



Factor Analysis

(1) every power and frequency is 

represented

(2) nearly every Chebyshev and Legrende

coefficient degree is used, from different 

powers and frequencies

(3) none of the traditional features of slope, 

intercept, and backscatter are ranked 

among the top fourteen most informative 

features, for any power or frequency 

setting.



Ultrasound Augmentation







Traumatic Brain Injury: Increased ICP

Mild increase in ICP

>5mm ONSD

47



Pneumothorax



Scoliosis detection and monitoring

• Neural network estimates the angle of the probe to the spine 

based on b-mode images

• IMU estimates angle between the probe and vertical

• Combining those angles, you can track the angle between 

vertebrae and vertical



Other Applications

• Swelling assessment

• Respiratory gating + temporal super-resolution

• Longitudinal registration

• 3D reconstruction without tracking

• Trackers

• Augmented reality display
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