
The KNIME Image Processing Extension for Biomedical 

Image Analysis

Andries Zijlstra (Vanderbilt University Medical Center

The need for image processing in medicine

Kevin Eliceiri (University of Wisconsin-Madison)

KNIME Image Processing and ImageJ Ecosystem

andries.zijlstra@vanderbilt.edu

eliceiri@wisc.edu

mailto:andries.zijlstra@vanderbilt.edu
mailto:eliceiri@wisc.edu


Out of every 100 men...

16 will be diagnosed

with prostate cancer in their 

lifetime

In reality, up to 80 will have

prostate cancer by age 70 

And 3 will die from it. 

But which 3 ?

36% of newly diagnosed cancers, and 10% of 

all cancer deaths in men

In the meantime, we 

over-treat many 

patients
The goal: Diagnose patients that have 

aggressive disease through Precision Medicine

The need for precision oncology



Approach to 
Precision Medicine

• Measure many things (data density)
• Make very accurate measurements (fidelity)
• Consider multiple perspectives (differential)
• Achieve confidence in the diagnosis
• Match patients with a treatment they are most 

likely to respond to.

Objectives of 
Modern Medicine

• Improved outcome through 
personalized/precision medicine

• Reduced expense/resource allocation through 
improved diagnosis, prognosis, treatment

• Maximize quality of life by “targeted” therapy 
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Putative patients Clinical Assessment

Physical Exam

Blood Test (PSA)

Biopsy

Normal Tumor

Diagnosis

Cancer

No Cancer

Treatment

Yes

No

Risk of Death

High

Intermediate

Low

Surgery

Go Home

Chemotherapy

Androgen block

Radiation

Immunotherapy

Active Surveillance

Checkups

Anti-Androgen

(Targeted) Imaging

Genomic Testing

Biomarkers (Liquid)

Biomarkers (Tissue)



Pathology ReviewTissue Section

Immunofluorescent Stain Segmentation/Classification/Clustering

Tissue Block H&E Stain

Computer-assisted segmentation, 

feature extraction and classification

IF Stain

Histopathology in Diagnosis and Prognosis



18 billion

data points

Assay Annotations Patient Data

Prostate
1 patient

4 pieces of tissue

2,224 specimens

556 patients

13,344 images

6 stains

67 million rows data

5000 cells

per specimen

Cluster/Train

Predict

The challenges and opportunities of single-cell analysis

286 features/cell



Research

Clinical

Image 

Processing

Machine 

Learning Statistics

Establish an open computational environment to provide direct access across all relevant expertise.

Annotations

Computer 

Sciences
Statistics

Biomedical 

Research
Informatics

Clinical  

Research

Why use KNIME

[Source Data]

Visualization

&

Interpretation



Quantitive detection of aggressive prostate cancer.

Benign

Cuboidal

Malignant

Amoeboid

Marker of 

Nuclear Membrane Instability

Reis-Sobreiro et. al., Cancer Res. 2018 Aug 28. pii: canres.0608.2018. doi: 10.1158/0008-5472.CAN-18-0608

Goal:

300 patients

1200 tissues

6000 images

30,000,000 cells

300 features/cells

Aggressive prostate cancer exhibits 

nuclear membrane instability (NMI)



The NMI image processing 

pipeline in KNIME

• Label -> Classify ->Quantify



Image Pre-Processing

• Process each image with a 
Normalizer in preparation 
for Pixel Segmentation 

• Intensity range of 0 to 255

EMD KRT18 HH3Tumor DNA

Normalizer

Split

Raw Data



Object Segmentation by Pixel 

Classification

NUCLEI:
Weka Segmentation

Label dilation by 4 
pixels

EMERIN:
Ilastik 
Segmentation

EMD

Nuclei

[EMD+]
Particles

DNA



EMD KRT18 HH3

Nuclei

DNA

For Nuclei and Emerin Particles:

• Overlay labels on each channel 
(Channels are not normalized, in 
order to preserve pixel integrity)

• Extract pixel features from labeled 
areas:

- Statistic (for intensity)
- Texture
- Geometry

Extracting Features



Nuclei

[EMD+]
Particles

Cell type classification (epithelial vs stromal)
Features extracted from
- Statistical and texture features for epithelial and 

stromal markers
- Geometric measures of the cell 

NMI classification
- Statistical and texture features for nuclear 

markers
- Geometric measures of the NMI 

Features used for classification

EMD-p

Not EMD-p

Stromal

Epithelial

• Score from 0 to 1

• Current cutoff of 0.925

Object Classification through 

Machine Learning



Classifying Cells with NMI

Stromal     

Epithelial

NMI marker..      

Label Arithmetic

Stromal   

[EMD-] Epithelial 

[EMD+] Epithelial

NMI Identification:

NMI Sub-classification

Stromal

Epithelial

NMI

Grouping Labels Joining/merging/subtracting Labels



Overview of NMI Classification

IF Stained TMA
Image

Channels
Pixel Classification

Object Segmentation
XGBoost Object
Classification

Tumor NMI

Benign NMI

EMD

KRT18

HH3

Tumor

Nuclei

Emerin

DNA

16%

1%

Fabiane Fernandes, Tatiana Novitskaya

EMD-p

Not EMD-p

Stromal

Epithelial
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NMI Count

0 500 1000 1500

Nuclear Membrane Instability is 

overwhelmingly present in tumor tissue 

and associated with LN metastasis.
Normal Tumor



KNIME scalability -> Deploy to AWS

Local AWS

Project Scenario Per image # images Scratch (GB) Time (hr) Problem Scratch (GB) Time (hr)

A
1 slide 9.5 megapixel 800 250 12 Slow 20 1

8 slides 9.5 megapixel 6400 2,000 96 Out of space 200 8

B
1 slide 16 megapixel 800 500 X No go 100 4

8 slides 16 megapixel 6400 4,000 X No go 800 32

Configuration:
KNIME 3.2

MacPro

12-core

64GB RAM

1TB SSD M2 HD (scratch)

4TB Spindle HD

4-20mb/sec transfer

Configuration:
KNIME 3.2

Ubuntu EC2 r4x4xLarge

16-vCPU

122GB RAM

1TB SSD (scratch)

1001 TB S3

35-400mb/sec transfer

Parallel Chunks Streaming in wrapped metanodes

Improved 

performance by 

a factor of 8-10!!!
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Open Source Image Processing- leverage (improve) image community tools

18

KNIME 
Image 

Processing

Tess4J

Image
J2/FIJI

Track-
mate

Clear-
Volume

Cell-
Profiler

OMERO

SUISE

Ilastik

http://tech.knime.org/book/www.vtk.org
http://loci.wisc.edu/software/scifio


Example Partnerships: Open source Image Informatics
Open hardware, open software

Community Building/Interoperability:

• Cell Profiler: automatic image quantification 

www.cellprofiler.org

• ImageJ and FIJI: image analysis 

www.imagej.net

• KNIME: pipeline tool for biological image analysis 

www.knime.org

• MicroManager: flexible acquisition platform for biological microscopy-analysis at runtime 

www.micro-manager.org

• Open Microscopy Environment: datamodel driven system for image sharing—Bio-

Formats

www.openmicroscopy.org

http://www.cellprofiler.org
http://www.imagej.net
http://www.knime.org
http://www.micro-manager.org
https://www.openmicroscopy.org


KNIME Image Processing Plugin (summary)

• reads in more than 120 different kinds of images (thanks to SCIFIO/Bio-Formats 

API)

• apply well known methods on images, like preprocessing. segmentation, feature 

extraction, tracking and classification in KNIME. 

• In general these nodes operate on multi-dimensional image data which is made 

possible by the internally used ImgLib2-API.

• Several nodes are available to calculate image features (e.g. zernike-, texture- or 

histogram features) for segmented images (e.g. a single cell).

• feature vectors can be used to apply machine learning methods in order to train 

and apply a classifier.

• Currently the Image Processing Plugin for KNIME provides over 100 nodes for 

(pre)-processing, filtering, segmentation, feature extraction, various views (2D, 

3D), etc.

• Active work on bidirectional integration of ImageJ2-allow the users to use directly 

use/update ImageJ2 Plugins inside KNIME as well as recording and running 

KNIME Workflows in ImageJ2. 



Fiji

Fiji Is Just ImageJ

A distribution of ImageJ for the life sciences, focus on microscopy

A community of ImageJ developers

Over 15,000 users

Built on the ImageJ2 platform

Includes over 700 new commands

Deployment platform of choice for ImageJ2

http://fiji.sc/



Mission of ImageJ2

Design Create the next generation of ImageJ, driven by the needs of the community.

Collaborate Work together across organizations, fostering open development through sharing + reuse.

Broaden Make ImageJ useful and relevant across many disciplines of the scientific community.

Maintain Preserve backwards compatibility with existing ImageJ functionality.

Unify Provide a central online resource for the ImageJ community.

Lead Drive ImageJ development forward with a clear vision.



ImageJ2 is…

An end user application



ImageJ2 is…

import net.imagej.ImageJ

ij = new ImageJ()

image = ij.io().open("image.tif")

ij.ui().show(image)

A reusable library



ImageJ2 is…

An extensible collection of services & plugins



ImageJ2 is…

“Write once, run anywhere” image processing



ImageJ2 is… Modular

Separation of concerns – each layer has a single focus

SciJava Common – the foundation: plugin framework + application container

ImgLib2 – core N-dimensional data model

SCIFIO/Bio-Formats – Image reading & writing

ImageJ Ops – Image processing algorithms

ImageJ Legacy – Backwards compatibility with ImageJ 1.x

Fiji – A “batteries included” distribution of ImageJ

Each component is available independently from Maven



ImageJ2 ..enhanced power

Built on ImgLib2 data model

No limit to dimensionality, LUTs, etc…

More data types (see right); extensible

Planes larger than 2 gigapixels

Access data beyond only files on disk

Beyond 1 user, 1 desktop, 1 machine

Name Bit depth Signedness Values ImageJ1 ImageJ2

bool 1-bit N/A boolean no yes

bit 1-bit unsigned binary no yes

uint2 2-bit unsigned integer no yes

uint4 4-bit unsigned integer no yes

uint8 8-bit unsigned integer yes yes

uint12 12-bit unsigned integer no yes

uint16 16-bit unsigned integer yes yes

uint32 32-bit unsigned integer no yes

uint64 64-bit unsigned integer no yes

uint128 128-bit unsigned integer no yes

int8 8-bit signed integer no yes

int16 16-bit signed integer no yes

int32 32-bit signed integer no yes

int64 64-bit signed integer no yes

float32 32-bit signed floating point yes yes

float64 64-bit signed floating point no yes

cfloat32 2 × 32-bit signed floating point no yes

cfloat64 2 × 64-bit signed floating point no yes

bigint unlimited signed integer no yes

bigdec arbitrary signed decimal no yes

RGB 3 × 8-bit unsigned integer yes yes (legacy)

8-bit color 8-bit indexed integer yes yes (legacy)



ImageJ2 is… enhanced format support

SCIFIO: pluggable data formats + metadata models

Leverages Bio-Formats (over 150 file formats)

Writable virtual stacks via caching “cells”

Well-structured image format plugins



ImageJ2 is… Powerful

ImageJ Ops: a unified image processing framework

Powerful and general – built on ImgLib2

Easy to use from scripts (see right)

Extensible case logic, for performance

// @OpService op

// @Dataset mitosis

// @Dataset blurred

// subtract numbers

ten = op.math().subtract(70, 60)

// subtract a value from an image

dimmed = op.math().subtract(mitosis, 50)

// subtract two images

corrected = op.math().subtract(mitosis, blurred)

// write your own whiz-bang "math.subtract" ops!

result = op.math().subtract(whiz, bang)



ImageJ Ops: which functions are already available?

ImageJ2 is… Powerful



ImageJ2 is… Interoperable

KNIME Image Processing

SCIFIO is used for image reading/writing

KNIME Image Processing is built on ImageJ Ops

ImageJ2 works throughout SciJava!



ImageJ2 Integration

ImageJ2 in KNIME

• “Write once run everywhere”

• Automatic node generation 
from ImageJ2 plugins

• Add own ImageJ2 Plugins via installer

• Shared algorithm repository (ImageJ-Ops)

• From scripts to nodes*

33 *Work in Progress

*



ImageJ2 Plugin Scripting*

34 *Work in Progress



The SciJava consortium

And everyone supporting open science and open software!

The forum: http://forum.image.sc

Active and vibrant image analysis community discussion

http://forum.image.sc/

