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Motivations & Challenges

• In pathology image analysis field, lack of training images is an obstacle for
robust system constructing.

• In nuclei segmentation in pathology images, pathologists have prior knowledge
in nuclei’s common shapes, while CNN systems cannot explicitly be benefited
from it.

• Main problem we attempt to solve is:
– An easy and efficient method for enriching the dataset with limited sample size.
– In terms of loss functions, design new terms in shape prior knowledge and

morphological constraints.



Methods – Foveal Blur

Mimicking human’s vision 
system, spatial frequency 
map is applied to the raw 
pathology images with 
focus on each single 
nucleus, enriching the 
dataset.
The input images is foveal 
blurred images with focus 
on each cell and the ground 
truth is only the mask of the 
corresponding nucleus.



Methods – Shape prior and smoothness 

With a nuclei shape prior library 
built before, Shape Prior term 
(Lsp) is designed to penalize nuclei 
contour predicted with wired 
shapes. 
Smoothness term (Lsm) was 
introduced to constrain the 
morphological smoothness with 
the first and second-order gradient 
of the predicted probability maps.



Methods



Dataset & Results

GBM: 40 H&E images with ~6,000 
nuclei contours captured from Emory 
University Hospital. 
TCGA: 36 H&E images with ~4,400 
nuclei contours with all images and 
annotation public.
MoNuSeg: 44 H&E images with 
~22,000 nuclei contoured from 
MICCAI’18 Challenge.
U-Net+DC: U-Net trained with Dice loss;
U-Net+CE: U-Net trained with cross entropy loss.



Results



• Quantify the system’s sensitivity to the parameters of foveal blur and explore more the 
mechanism of foveal blue. 

• The shape prior library is static and it would be better to embed the library building into 
the system to make it dynamic in the training. 

• As there are three components in the loss function, it should be explored more on the 
hyperparameters to balance those three. 

Limits & Future Work


