
Accepted Manuscript

A Pre-trained Convolutional Neural Network Based Method for Thyroid Nodule

Diagnosis

Jinlian Ma, Fa Wu, Jiang Zhu, Dong Xu, Dexing Kong

PII: S0041-624X(16)30191-3

DOI: http://dx.doi.org/10.1016/j.ultras.2016.09.011

Reference: ULTRAS 5375

To appear in: Ultrasonics

Received Date: 10 March 2016

Revised Date: 26 July 2016

Accepted Date: 11 September 2016

Please cite this article as: J. Ma, F. Wu, J. Zhu, D. Xu, D. Kong, A Pre-trained Convolutional Neural Network Based

Method for Thyroid Nodule Diagnosis, Ultrasonics (2016), doi: http://dx.doi.org/10.1016/j.ultras.2016.09.011

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.ultras.2016.09.011
http://dx.doi.org/10.1016/j.ultras.2016.09.011


  

A Pre-trained Convolutional Neural Network Based
Method for Thyroid Nodule Diagnosis

Jinlian Maa, Fa Wua, Jiang Zhub, Dong Xuc, Dexing Konga,∗

aSchool of Mathematical Sciences, Zhejiang University, Hangzhou 310027, China
bDepartment of Ultrasound, Sir Run Run Shaw Hospital, Zhejiang University School of

Medicine, Hangzhou 310020, China
cDepartment of Ultrasound, Zhejiang Cancer Hospital, Hangzhou 310022, China

Abstract

In ultrasound images, most thyroid nodules are in heterogeneous appear-

ances with various internal components and also have vague boundaries, so it is

difficult for physicians to discriminate malignant thyroid nodules from benign

ones. In this study, we propose a hybrid method for thyroid nodule diagnosis,

which is a fusion of two pre-trained convolutional neural networks (CNNs) with

different convolutional layers and fully-connected layers. Firstly, the two net-

works pre-trained with ImageNet database are separately trained. Secondly, we

fuse feature maps learned by trained convolutional filters, pooling and normal-

ization operations of the two CNNs. Finally, with the fused feature maps, a

softmax classifier is used to diagnose thyroid nodules. The proposed method is

validated on 15,000 ultrasound images collected from two local hospitals. Ex-

periment results show that the proposed CNN based methods can accurately

and effectively diagnose thyroid nodules. In addition, the fusion of the two CNN

based models lead to significant performance improvement, with an accuracy of

83.02% ± 0.72%. These demonstrate the potential clinical applications of this

method.
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