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The topological derivative (TD) for

shape analysis has been employed in

image segmentation, and machine

learning schemes based on convol-

utional neural network (CNN) provide

the high performance in the image

processing.

The supervised and unsupervised

approaches have different roles and

advantages according to their

concepts. To maximize the benefits of

two approaches, we propose CNN-TD

based segmentation approach.

A CNN-based segmentation scheme

is employed to faithfully consider the

characteristics of an object to be

segmented in a given image, and we

refine the CNN results using a TD-

based scheme. Experimental results

show that the proposed scheme

produces better performance for the

prostate segmentation than the

refined results by level set-based

schemes.
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In order to evaluate the segmentation performance,

the proposed scheme is compared with CNN and LS-

based approaches to refine the deep-learning results

for the same purpose of using TD-based scheme.

- The CNN-based scheme consists of 8 layers and

was implemented by using Theano and Keras

frameworks.

- For the model of CNN-based deep-learning, the 45

sets of 50 prostate MRI sets [11] were used to

generate the train and validation data, and the

remaining sets were used for the test.

A segmentation method consisting of deep-learning

and unsupervised methods is proposed to robustly

detect and accurately segment the lesion or organ

region

- The proposed CNN-based detection network for a

prostate segmentation

In this work, we proposed a CNN and TD-based

prostate segmentation scheme. Specifically, the

prostate region was detected by a CNN-based

method, and the result was adjusted by the

connected-component labeling for removing the

small regions.

- The CNN-results were improved by the TD-based

segmentation and refinement methods.

- The contours of the proposed method were much

closer to the ground truth than those by the

compared approaches

In medical imaging research, segmentation is an

essential step for disease diagnosis and estimation,

cancer detection and treatment, surgical planning

and monitoring, and the identification of arteries.

In the unsupervised image segmentation, several

approaches have been proposed with level set (LS)

approaches

The topological derivative (TD) approach
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Table 1. Objective evaluation results for prostate segmentation.
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Level Set Method

- Computes the shape sensitivity by the topological derivative

- The optimization is computed by using finite element method (FEM)
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Figure 1. Prostate segmentation performance comparison for a MR image.

From top to bottom: (a) result by CNN-based method, (b) by the proposed),

(c) refined by the bias-correction; and (d) refined by the nonparametric approach
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