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Overview:

ÅWhat is Biomedical Imaging ?

ÅAustralian eHealth Research Centre and the BiomedIA team.

ÅImage processing and Analysis we use/develop

ÅAim: Detect, diagnose, and monitor the progression of diseases 

and to evaluate different treatment therapies on disease

ÅImage processing for Mice and Rats:

ÅAnatomical and functional characterization of mice and rats.

ÅImage processing for Plant Phenomics: 

ÅGrowth of cotton plants.



Biomedical Imaging and Phenomics

Biomedical imaging involves the development of novel 

imaging and image post-processing techniques to detect, 

diagnose, and monitor the progression of diseases and to 

evaluate different treatment therapies on disease.

Biomedical imaging is increasingly being explored and used in 

phenotyping (physical and biochemical characterization) of 

genetically modified animal (especially mice) and plants.



The CSIRO BioMedIA team

Commonwealth Scientific and Industrial 

Research Organization

~6800 employees in Australia

Information & Communication Technology

Division (~250)

The Australian e-Heath 

Research Centre

Brisbane (~50)

Biomedical Imaging Team (20+)

6 scientists, 2 post-docs, 3 

software engineers, 6 PhD 

students, ~5 students



Main projects

Neuroimaging for 

ageing and Alzheimerôs

Osteoarthritis characterization PET compound screening

using small rodents

Prostate radiotherapy

planning with MRI

Predicting clinical outcome

from stroke lesions

Brain tumour characterization

using PET and MRI



Australian study funded by CSIRO (~10M$)

ÅCohort of 1000 participants (age > 60 years)

ÅAD, MCI and normal elderly controls (NC)

Demographics and clinical evaluation (1000)

ÅAge, gender, education, lifestyle, etcé 

ÅNeuropsychological scores: MMSE, CDR,CMSé. 

Biomarker analysis (1000)

ÅBlood Examination: Erythrocyte count, Haematocrit,é

ÅClinical Chemistry: Urea, electrolytes, creatinine,é

ÅIron studies: Ferritin, Transferrin, é

ÅGenotyping: Apo-E 

Imaging study (~ 250, 60% Melbourne, 40% Perth)

Å PET (PiB)

Å MRI (T1W, T2W/PDW,  DWI, FLAIR, GRE, SWI)

Example Study:
Alzheimer Imaging Biomarkers and Lifestyle longitudinal study

Genetics and/or 

environmental 

factors

Increased

Ab42

Deposition 

of Ab42

Neurofibril tangles

Cell death

Dementia

Goal: Identify biomarkers that allow the early prediction and 

monitoring of changes associated with the development of Mild 

Cognitive Impairment (MCI) and Alzheimerôs Disease (AD).



Imaging Technologies

ÅX-rays, Ultrasound.

ÅOptical.

ÅComputed Tomography.

ÅPositron Emission Tomography.

ÅMagnetic Resonance Imaging.

Mice CT and skeletal 

reconstruction
MRI



The CSIRO BioMedIA team: 

What Image Analysis we do in our lab

ÅImage Artifact Correction.

ÅAttenuation correction, Partial volume correction, noise etc.

ÅAutomatic Segmentation and Registration.

MRI PV correctedPiB: original 



The CSIRO BioMedIA team: 

What Image Analysis we do in our lab

ÅImage Artifact Correction.

ÅAttenuation correction, Partial volume correction, noise etc.

ÅAutomatic Segmentation and Registration.

Classification

Bias field
Markov random 

field

Calculate means and 

variances

CSF
GM

WM

Template and  tissue prior probabilities



The CSIRO BioMedIA team: 

What Image Analysis we do in our lab

ÅImage Artifact Correction.

ÅAttenuation correction, Partial volume correction, noise etc.

ÅAutomatic Segmentation and Registration.

MRI and 12 Deep GM Surfaces                            

Amygdala

Hippocampus



The CSIRO BioMedIA team: 

What Image Analysis we do in our lab

ÅImage Artifact Correction.

ÅAttenuation correction, Partial volume correction, noise etc.

ÅAutomatic Segmentation and Registration.

ÅFeatures Extraction and classification.

ÅQuantitative Analysis.

Åfrom Morphological, functional or molecular based imaging.

ÅDWI

ÅWM connection

ÅFLAIR

ÅWhite matter lesions

ÅSWI

ÅVenous tree

ÅT1W

ÅAnatomy

ÅPET-PIB

ÅAmyloid deposit

Imaging biomarkers



The CSIRO BioMedIA team: 

What Image Analysis we do in our lab

Amyloid deposition statistics for each region of the brain
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The CSIRO BioMedIA team: 

What Image Analysis we do in our lab

ÅImage Artifact Correction.

ÅAttenuation correction, Partial volume correction, noise etc.

ÅAutomatic Segmentation and Registration.

ÅFeatures Extraction and classification.

ÅQuantitative Analysis.

ÅUsually Morphological, functional or molecular based imaging.

ÅPopulation characterization (natural ageing, Alzheimerôs Disease, 
osteoarthritis etc).

Cortical thickness 

(obtained from MR)

Amyloid Plaques

PiB PET

Subject 1

Subject N

Statistics

Figure: Significance Map of the 

difference in shape of the hippocampus 

between Normal and Alzheimer subjects 

(120 cases ADNI dataset)



The CSIRO BioMedIA team: 

What Image Analysis we do in our lab

Statistical model that represents the way PiB PET signal varies across the 
population (PCA)

Post mortem analysis:    Healthy               Mild                     Severe         
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The CSIRO BioMedIA team: 

What Image Analysis we do in our lab

ÅImage Artifact Correction.

ÅAttenuation correction, Partial volume correction, noise etc.

ÅAutomatic Segmentation and Registration.

ÅFeatures Extraction and classification.

ÅQuantitative Analysis.

ÅUsually Morphological, functional or molecular based imaging.

ÅPopulation characterization (natural ageing, Alzheimerôs Disease, 
osteoarthritis etc).

ÅDetect temporal changes (tumors, stroke etc).



Applications: ANSTO LifeSciences

ÅMost of the approaches developed do extend to animal 

studies...

ÅRodent, dog, primate etc. 

ÅANSTO LifeSciences: Ligand development.

ÅDi Xiao (CSIRO) and Marie Gregoire (ANSTO)

ÅIn vivo imaging is used for two different applications:

ÅComplementary to bio-distribution studies by adding information about 

the fine spatial distribution within a structure of interest which may not 

be easily dissected.

ÅFollow-up of small animal disease progression and/or recovery.

ÅCT image resolution 0.22x0.22x0.22 mm (30 ï60 mins)

ÅPET image resolution 0.29x0.29x0.80 mm (2 hrs)



Image Processing for Mice Phenomics:

Mice and Rat Phenomics

ÅProvide a pre-clinical tool to identify new imaging agents (PET 

ligands) and assess effectiveness of therapy of diseases using

anatomical and functional information (pharmacokinetic 

analysis).

ÅMouse micro-CT (anatomy) and PET images (functional).

ÅReconstruct kinetic parameters from small rodentsô PET data.

ÅFuture work: Morphological analysis.

Rodent CT 

images 

Rodent PET 

images 

Anatomy

Functional



Image Processing for Mice Phenomics: 

MILX WB-BOSSA plug-in

MilxView software

- Developed by Biomedical Imaging Group, AEHRC, CSIRO (www.aehrc.com)

MILX WB-

BOSSA plug-in

Å- Developed by 

Biomedical Imaging 

Group, AEHRC, CSIRO 

and Imaging group, 

Life Sciences, ANSTO



Image Processing for Mice Phenomics: 

Approach: Idea

Pre-process CT, Extract gross 

anatomy and register organs. 
ÅMain organs from an Atlas are mapped 

to the subject and used to guide each 

organs segmentation

Rodent CT 

images 
Skeleton, 

lung, skin

Rodent PET 

images 
Tumor & other 

bio-info

Organ 

registration

Atlas (Digimouse)
Åhttp://neuroimage.usc.edu/Digimouse.html



Image Processing for Mice Phenomics: 

Approach - overview 

3D CT 

Skeleton 

extraction 

Lung 

extraction 

Skin extraction 

Head 

Spine

Fore 

body 

Hind 

body 

Surface atlas 

Head 

Spine

Fore 

limbs

Liver

Pre-

processi

ng

Surface 

Registration



Image Processing for Mice Phenomics: 

Pre-processing (skeleton extraction)

Denoising Thresholding Meshing



Image Processing for Mice Phenomics: 
Pre-processing (skeleton processing)

Remove 

sensor

Major 

skeleton
For body 

skeleton

Hind body 

skeleton

Segment

Mesh analysis and search methods.


