
Research Article Open Access

Biomimetics Biomaterials and
Tissue Engineering

Keywords: Biomedical image processing; Membrane segmentation; 
Feature learning; Convolutional neural network; Random forest 

Introduction

Neuroanatomists face the tough task of reconstructing neuronal 
structure with synaptic resolution in order to gain insights into the 
functional connectivity of brain. Currently, EM is the main imaging 
tool which can provide su�cient resolution for studying connections 
at the neuron level. �is imaging device produces amounts of image 
data. In order to understand the patterns, the image data should be 
segmented according to structural and functional modules. For human 
neuroanatomist, segmentation of neuro-images is a trivial task but, 
unfortunately, it is very time consuming [1]. �erefore, accurate 
algorithms for automatic neuronal segmentation are indispensable 
for large scale geometric reconstruction of densely interconnected 
neuronal tissue. �e neuron images have the characteristics of medical 
image imaging and they have its own characteristics with respect to 
general medical image as well. Nevertheless, its structure is complexity, 
such as intricate topology, various cell interference inside, and noisy 
textures. In addition, the poor quality of the imaging tools causes 
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resolutions. Each neuron on a feature map connects with its previous 
layers, and they are de�ned by the 5 by 5 convolutional �ltering kernel 
(known as the ‘‘receptive �eld’’). All the neurons in one feature map 
share the same kernel and connecting weights (known as the ‘‘sharing 
weights’’). With a kernel size of 5, and a subsampling ratio of 3, each 
feature map layer reduces the feature size from the previous feature size. 
And the CNN learning rate was set to 1. Considering the time cost, the 
training procedure was stopped a�er 150 epochs, the consuming time 
is about one week.

Segmentation based on random forest: Once the feature extractor 
is trained based on the CNN, the fully connected layer of CNN was 
replaced by a Random Forest classi�er to predict labels of the input 
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biomedicalimaging.org/2012/index.php). �e data set consists of 
training data and testing data of the Drosophila �rst instar larva ventral 
nerve cord, which is provided in the form of EM stack. �e training 
data which was labeled by an expert human neuroanatomist is a set 
of 30 sections from a serial section Transmission Electron Microscopy 
(ssTEM) data set. �e test data (ground truth unknown to the authors) 
is another volume from the same Drosophila �rst instar larva ventral 
nerve cord as the training dataset. 

Evaluation metrics

Segmentation result is evaluated through an automated online 
system; the system computes three error metrics in relation to the 
hidden ground truth: pixel error, warping error and the Rand error.

- Pixel error: de�ned as 1 - the maximal F-score of pixel similarity 
or squared Euclidean distance between the original and the result 
labels [19]. 

- Warping error: �e warping error is segmentation metric that 
tolerates disagreements over boundary location, penalizes topological 
disagreements, and can be used directly as a cost function for learning 
boundary detection [19].

- Rand error: �e Rand error metric is based on the Rand index, 
de�ned as 1 - the maximal F-score of Rand index, a measure of 
similarity between two clusters or segmentations. It has a more intuitive 

http://dx.doi.org/10.4172/1662-100X.1000114


http://dx.doi.org/10.4172/1662-100X.1000114
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=4541320&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4541320
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=4541320&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4541320
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=4541320&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4541320
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=4541320&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4541320
http://www.ncbi.nlm.nih.gov/pubmed/20598935
http://www.ncbi.nlm.nih.gov/pubmed/20598935
http://www.ncbi.nlm.nih.gov/pubmed/20598935
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5193233&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5193233
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5193233&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5193233
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5193233&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5193233
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5193233&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5193233
http://link.springer.com/chapter/10.1007%2F978-3-540-69321-5_15#page-1
http://link.springer.com/chapter/10.1007%2F978-3-540-69321-5_15#page-1
http://link.springer.com/chapter/10.1007%2F978-3-540-69321-5_15#page-1
http://link.springer.com/chapter/10.1007%2F978-3-540-69321-5_15#page-1
http://www.inf.ethz.ch/personal/vezhneva/Pubs/LaptevMICCAI2012.pdf
http://www.inf.ethz.ch/personal/vezhneva/Pubs/LaptevMICCAI2012.pdf
http://www.inf.ethz.ch/personal/vezhneva/Pubs/LaptevMICCAI2012.pdf
http://www.inf.ethz.ch/personal/vezhneva/Pubs/LaptevMICCAI2012.pdf
http://www.inf.ethz.ch/personal/vezhneva/Pubs/LaptevMICCAI2012.pdf
http://splab.cz/wp-content/uploads/2012/04/llncs.pdf
http://splab.cz/wp-content/uploads/2012/04/llncs.pdf
http://splab.cz/wp-content/uploads/2012/04/llncs.pdf
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6460090&isnumber=6460043
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6460090&isnumber=6460043
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6460090&isnumber=6460043
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6460090&isnumber=6460043
http://www.iro.umontreal.ca/~lisa/pointeurs/TR1312.pdf
http://www.iro.umontreal.ca/~lisa/pointeurs/TR1312.pdf
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=4408909&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4408909
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=4408909&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4408909
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=4408909&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4408909
http://www.ncbi.nlm.nih.gov/pubmed/22003676
http://www.ncbi.nlm.nih.gov/pubmed/22003676
http://www.ncbi.nlm.nih.gov/pubmed/22003676
http://www.ncbi.nlm.nih.gov/pubmed/22003676
http://www.idsia.ch/~juergen/nips2012.pdf
http://www.idsia.ch/~juergen/nips2012.pdf
http://www.idsia.ch/~juergen/nips2012.pdf
http://www.idsia.ch/~juergen/nips2012.pdf
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5543594&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5543594
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5543594&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5543594
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5543594&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5543594
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5543594&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5543594
http://cvlabwww.epfl.ch/~lepetit/papers/smith_iccv09.pdf
http://cvlabwww.epfl.ch/~lepetit/papers/smith_iccv09.pdf
http://yann.lecun.com/exdb/publis/pdf/lecun-01a.pdf
http://yann.lecun.com/exdb/publis/pdf/lecun-01a.pdf
http://www.sciencedirect.com/science/article/pii/S0031320311004006
http://www.sciencedirect.com/science/article/pii/S0031320311004006
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1383136&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1383136
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1383136&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1383136
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1383136&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1383136


Citation: Cao G, Wang S, Wei B, Yin Y, Yang G (2013) A Hybrid Cnn-Rf Method for Electron Microscopy Images Segmentation. J Biomim Biomater Tissue Eng 18: 114. 
doi: 10.4172/1662-100X.1000114

�'�‰�”�ˆ�»�‡���������Ú�����`�`�ˆ�‡�������Ú����������������
�������•�‰�»�•�»�����•�‰�»�fl�´�‡�À���§�•�`�`�ˆ�‡�����…�µ
���ƒ�ƒ�¡���������������������«�����•�‰�–�¶�‡�»�����fl�…���‰�¾�‡�…���fl�–�–�‡�`�`���‚�‰�ˆ�À�…�fl�”��

Page 6 of 6

18.	Kittler J, Illingworth J (1986) "Minimum error thresholding", Pattern Recognition 
19: 41-47.

19.	Jain V, Bollmann B, Richardson M, Berger DR, Helmstaedter MN, et al. (2010) 
Boundary Learning by Optimization with Topological Constraints. In: proc. of 
Computer Vision and Pattern Recognition (CVPR), IEEE Conference on, 2488-
2495.

20.	Rand WM (1971) Objective Criteria for the Evaluation of Clustering Methods. J 
Am Stat Assoc 66: 846-850.

21.	Unnikrishnan R, Pantofaru C, Hebert M (2007) Toward objective evaluation of 
image segmentation algorithms. IEEE Transactions on Pattern Analysis and 
Machine Intelligence 29: 929-944.

22.	Achanta R, Shaji A, Smith K, Lucchi A, Fua P, et al. (2012) SLIC Superpixels 
Compared to State-of-the-Art Superpixel Methods. Pattern Analysis and 
Machine Intelligence, IEEE Transactions on, 3: 2274-2282.

23.	Gislason PO, Benediktsson JA, Sveinsson JR (2006) Random Forests for land 
�F�R�Y�H�U���F�O�D�V�V�L�¿�F�D�W�L�R�Q�����3�D�W�W�H�U�Q���5�H�F�R�J�Q�L�W���/�H�W�W��������������������������

Submit your next manuscript and get advantages of OMICS 
Group submissions
Unique features:

�‡�� �8�V�H�U �I�U�L�H�Q�G�O�\���I�H�D�V�L�E�O�H �Z�H�E�V�L�W�H���W�U�D�Q�V�O�D�W�L�R�Q �R�I �\�R�X�U �S�D�S�H�U �W�R ����  �Z�R�U�O�G�·�V �O�H�D�G�L�Q�J �O�D�Q�J�X�D�J�H�V
�‡�� �$�X�G�L�R �9�H�U�V�L�R�Q �R�I �S�X�E�O�L�V�K�H�G �S�D�S�H�U
�‡�� �'�L�J�L�W�D�O �D�U�W�L�F�O�H�V �W�R �V�K�D�U�H �D�Q�G �H�[�S�O�R�U�H

Special features:

�‡�� ������  �2�S�H�Q �$�F�F�H�V�V �-�R�X�U�Q�D�O�V
�‡�� ������������ �H�G�L�W�R�U�L�D�O �W�H�D�P
�‡��

�W�H�D�P

�V�K�D�U�H

�W�E�D�P�‡��

�D�Q�G

�

�D�Q�G�V�K�D�U�H

��
�‡��

http://dx.doi.org/10.4172/1662-100X.1000114
http://www.sciencedirect.com/science/article/pii/0031320386900300
http://www.sciencedirect.com/science/article/pii/0031320386900300
http://hebb.mit.edu/people/seung/papers/JainEtal_CVPR10.pdf
http://hebb.mit.edu/people/seung/papers/JainEtal_CVPR10.pdf
http://hebb.mit.edu/people/seung/papers/JainEtal_CVPR10.pdf
http://hebb.mit.edu/people/seung/papers/JainEtal_CVPR10.pdf
http://www.silvialiverani.com/file/DiPBaCpp/papers/Rand71.pdf
http://www.silvialiverani.com/file/DiPBaCpp/papers/Rand71.pdf
http://www.ri.cmu.edu/publication_view.html?pub_id=5789
http://www.ri.cmu.edu/publication_view.html?pub_id=5789
http://www.ri.cmu.edu/publication_view.html?pub_id=5789
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6205760&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F34%2F6304885%2F06205760.pdf%3Farnumber%3D6205760
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6205760&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F34%2F6304885%2F06205760.pdf%3Farnumber%3D6205760
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6205760&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F34%2F6304885%2F06205760.pdf%3Farnumber%3D6205760
http://www.sciencedirect.com/science/article/pii/S0167865505002242
http://www.sciencedirect.com/science/article/pii/S0167865505002242
http://dx.doi.org/10.4172/1662-100X.1000114

	Title
	Corresponding authors
	Abstract
	Keywords
	Introduction
	Related algorithms 
	Hybrid CNN-RF method 

	Experiments 
	Dataset
	Evaluation metrics 
	Experimental results 
	Analysis of experimental results 

	Conclusion and Future Work 
	Acknowledgement
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	References

