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Introduction



Embryonal 
stages

• Stage wise registration is 
meaningful
• Earliest stages are most 
difficult (inaccurate staging, 
high flexibility)
• Elderly stages have the 
more direct impact on medical 
applications
• Our interest Theiler stage 
14-16



In-situ patterns

Each embryo stained 
for one gene

Shows „activity“ of 
that gene at that 
time

Here: sonic hedgehog

Different markers in 
use



WNT1



UJ473 (Gradient)



OPT imaging modality

Sharpe et. al, Science (2002)EMAGE website



Goals: Atlas and 
functional groups

Atlas

Wnt6

Shh

Enzymatic

Sprty/FGF
≈250



Clustering of the patterns

Spatial co-expression networks

Automated annotation through one reference



Registration Problem



Current pipeline



max



Denoising

BER01_48_TS15_zx2-greyIJ.tif gradient controlled diffusion filter gaussian filter: σ = 5.0



MultiResolution
• Gaussian pyramid approach
• 5 levels (powers of 2 scale)
• Smoothing logarithmically   
proportional to scaling



Preregistration step

Affine transformation model

Weighting of individual parameters 
possible to tune warps

Armijo line search for step length

Convenient to use (automatic)



Backtracking line search
with Armijo condition
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Symmetric 
Demons + 
Curvature



Validation

+ EMAP, MAMEP 
literature validation



Current Limitations



Problem missing data
1 21

2



Missing data modeling

Missing data: Occlusions of anatomy through 
experimental artifacts and noise (simple to 
detect)

Idea: Weighting of the decent direction, such 
that the position of missing data is scored 
neutrally with regard to our chosen metric 

Two distributions: Missing data & foreground





Current limits of pure 
intensity based registration



Research Plans



Missing data 
mixture model

Specify mixture distributions for images (by 
means of their histograms)

Learn parameters of the grayvalue 
distributions using EM for each image

-> Weighting for the metric



Mixture model



CoLD instead of affine 
registration 

Landmarks could be manual or from medial 
axis

Landmarks should cover the large global 
deformations



Computing medial axis (1)

Manual 
closing 

Fill and binarize 
the image

Compute quadratic 
distance map



Computing medial axis (2)

Extract saddle points
(the ridge)

Discretize into vertices+edges 
compute longest path + prune 

branches



Using medial axis for CoLD

Count nodes along axis to establish 
correspondences along the whole body

Semi-automatic, data driven approach

Unknown if 1D landmark type is sufficient for 
TPS interpolation
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