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Problem

Pathologists normally use Hematoxylin & Eosin (H&E) stained
image to determining grade of differentiation of carcinoma.

In histology, the area ratio of well differentiated glandulars to whole
tissue is an important metric in evaluating carcinoma grade.

The degree of differentiation for a glandular is normally quantified by
it's shape (formation) as indicated by Awan et al. Therefore a
precise segmentation is required.

Nowadays, inter-pathologist disagreements can be 30-53% due to
arbitrary annotation of glandulars, according Netto et al.'s research.
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Fig. Demo H&E
Images reprinted from
GlaS15 dataset

Multi-task network is normally used to pursue a precise boundary
segmentation as well as a high-recall detection.

BUT this strategy increase the number of FLOPSs, result a slower
inference time.

In this study, we proposed a boundary loss to tackle these problems. The proposed loss
Is enclosed into 3 single steam network, and tested on 2 dataset to verify its efficiency.


https://www.nature.com/articles/s41598-017-16516-w
https://www.sciencedirect.com/science/article/pii/S009042951001664X
https://ieeexplore.ieee.org/document/7109172/
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Boundary loss formulation

Region logits before softmax normalization layer [ € RMMK
MxN is size of feature map and K is total categories. 9

Softmax normalization S )
Regional prediction Yreg:argma-x(S(Lreg))

Ground truth segmentation mask G

Extract boundary prediction by sobel operator or likely,
from regional prediction through convolution

B= Z |Soble,. ®Y .,

i€(x,y)




Boundary loss formulation

Calculate boundary potential map from G
$(G)=0wo°0p(G)+wi°yy(G)

Where q>fg IS the distance map based on original regional binary

mask and (I)bg based on the bitwise inverted mask, see following example
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Fig. Potential map ® and boundary B .

a) original H&E stained pathological image
blended with ground truth segmentation

mask (test A_58 in GlaS15);

b) and c) distance map retrieved from ground
truth segmentation binary mask (®_fg ) and its
invert (®_bg );

d) ® obtained by lumped 2 distance maps
together

In d), B from regional prediction after a certain
epoch is also shown (white contours).



Boundary loss formulation

Finally the proposed boundary loss

-1

Where ® Is a pixel wise multiplication



Transformation for differentiable
solution and numerical stabilization

Problem

« argmax() is not differentiable. This will prevent training the model in an end-
to-end manner.

e Get B from L, or S(L,,) directly leading to fragmentary edge since they’re

reg)
defined in continuous real space

Solution

A soft argmax function defined as expectation of categories k
arginax(S(-)=E(k)= Y, k-Sy(a(Ly,)
ke(0...K)

Since the output from softmax is a likelihood score drawn from 0-1
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Results
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Result
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Result




Thanks !

Question or suggestion please to

Noted:
1. Copyright of this study and all related photographics are transferred to American Scientific Publishers

2. No further photocopying or dissemination of this material as well as original study is allowed without inform authors and

publisher
3. Any other use or reproduction in a collective work requires a fee and permission from Publisher and authors
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