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Dear Hui Hui,

CongratulaƟons! The chairs of the upcoming "Biomedical ApplicaƟons in Molecular, Structural, and
FuncƟonal Imaging" conference have accepted your paper, “Brain vessels segmentaƟon for light‐sheet
microscopy image using convoluƟonal neural networks,” for Oral presentaƟon to be presented 13
February 2017.

Symposium: SPIE Medical Imaging
Symposium Dates: 11 ‐ 16 February 2017
Symposium LocaƟon: Orlando, Florida United States.

Please save this message for future reference as it provides important details for this event.

PAPER TITLE: Brain vessels segmentaƟon for light‐sheet microscopy image using convoluƟonal neural
networks
PAPER NUMBER: 10137‐19
PRESENTATION DATE: 13 February 2017
PRESENTATION TYPE: Oral (determined by Conference Chairs)
PRESENTATION DURATION: 20 minutes (includes Q&A for oral presentaƟons)
PRESENTATION GUIDELINES:

Oral PresentaƟon Guidelines: hƩp://spie.org/x30098.xml
Poster PresentaƟon Guidelines: hƩp://spie.org/x30099.xml

PREPARE YOUR PRESENTATION AND PROCEEDINGS MANUSCRIPT: hƩp://spie.org/x30095.xml

AWARD COMPETITITIONS:
With an accepted paper in the program, you may be eligible to enter the award compeƟƟon.
AddiƟonal informaƟon will be available online.
Robert F. Wagner All‐Conference Best Student Paper Award

SPECIAL EVENTS: Check the Website for informaƟon on these important Special Events at hƩp://spie.org
/x90759.xml
CAD PROSTATEx Grand Challenge and Live DemonstraƟons
Ultrasound Computed Tomography Data Challenge Panel Discussion
Plenary and Keynote PresentaƟons
Technical Workshops

COURSES: SPIE Student Members get 50% off. AddiƟonal informaƟon available online at hƩp://spie.org
/x12172.xml
Register to aƩend the ‘WriƟng for PublicaƟon in Medical Imaging (WS776)’ and ‘Early Career

Professional Development in Medical Imaging (WS757)’ courses.

VIEW THE CURRENT PROGRAM: hƩp://spie.org/x12171.xml
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The online program contains the most up‐to‐date informaƟon, including the conference program and
addiƟonal conference‐related acƟviƟes. The program is subject to change at any Ɵme before or during
the conference.
The PDF of the advance program that is posted online will not be updated with changes or late

addiƟons, but the final printed program will be updated.
If you are presenƟng more than one paper in oral sessions, please check the program online to see if

the sessions overlap. If your presentaƟons are at risk of overlapping, please noƟfy me immediately so
that we can adjust the program (Email: robbinew@spie.org)
If you have mulƟple posters in the same poster session, please find a presenter for each poster.

REQUEST AN INVITATION LETTER FOR VISA APPLICATION: hƩp://spie.org/USvisa‐info
Only authors listed on an accepted paper may request invitaƟon leƩers.
Because of the number of visa applicaƟons and the need for thorough security reviews, the visa

applicaƟon process can take several months. Apply for your visa as early as possible (at least 3 to 4
months before the visa is needed).
InvitaƟon leƩers are processed and sent based on the order the requests are received, and the date of

the meeƟng. Please allow a few weeks to process invitaƟon leƩer requests.
Once your invitaƟon leƩer is ready, you will receive an email with the PDF copy of your leƩer to

review. Please carefully check your leƩer to verify that it is accurate, and send any needed changes to
invitaƟonleƩers@spie.org. Once we receive your confirmaƟon of accuracy, the original invitaƟon leƩer
will be mailed to you via first class post.

BOOK YOUR HOTEL: Hotel informaƟon will be available starƟng 13‐October.
All authors (including invited and keynote) are expected to obtain funding for their registraƟon fees,
travel, and accommodaƟons, independent of SPIE, through their sponsoring organizaƟons.

COMMUNICATE CHANGES: DUE 3 December 2016
If you have changes to your Ɵtle, abstract, or list of authors for the conference program, please send

changes directly to me, robbinew@spie.org by 3 December 2016. Changes submiƩed with your
manuscript will not automaƟcally be reflected in the conference program.
If you are unable to aƩend and make your presentaƟon, please look for an alternate speaker before

canceling.
CancellaƟon dates and reasons are noted in your permanent record.
Last‐minute cancellaƟons and no‐show authors may risk not being accepted to present at future SPIE

events.
If you or a colleague are unable to make your presentaƟon, please noƟfy me no later than 3

December 2016 so we can remove the presentaƟon from the final program.

REGISTER FOR THE CONFERENCE by 27 January 2017: hƩp://spie.org/x12166.xml?WT.mc_id=RMI16GB
All authors aƩending the conference must register (including invited and keynote speakers).
Author rates are discounted from aƩendee prices.
Current SPIE Members receive an addiƟonal discount.
Full‐Ɵme student authors should register as students.
Rates increase by US$150 aŌer 27 January 2017.

SUBMIT YOUR MANUSCRIPT: DUE 16 January 2017
All authors (oral, poster, keynote, and invited) are expected to submit a manuscript containing at least

6 pages. Your work is extremely important and valuable to your fellow researchers, so we look forward
to including it in this year's publicaƟons.
The manuscript submission site at hƩp://SPIE.org/myaccount will open 5 weeks prior to 16 January

2017.
The Proceedings volume for this conference will be available on the SPIE Digital Library within 2‐4
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weeks of the meeƟng.
Your presentaƟon must be made as scheduled in order to have your manuscript published in the

conference Proceedings.

PRESENT A BETTER PAPER:
Take one of these online courses from SPIE. Find out more about:
EffecƟve Technical PresentaƟons at hƩp://spie.org/WS897
EffecƟve ScienƟfic Papers at hƩp://spie.org/WS908

These courses are free for Members and $150 for non‐members.

SPIE Contact InformaƟon:
Please include your SPIE Paper Number in the subject line of all Email correspondence.
For quesƟons about your presentaƟon, or the meeƟng, contact Robbine Waters at robbinew@spie.org
For quesƟons about your manuscript, contact David Maguire at davidm@spie.org

This year's event includes an outstanding selecƟon of presenters and we look forward to your
parƟcipaƟon!

Thank you for your contribuƟon.

Robbine Waters
Conference Program Coordinator
Conference Programs & Proceedings
SPIE
Tel: +1 360 685 5472
Fax: +1 360 647 1445
robbinew@spie.org

SPIE.org
SPIE is an internaƟonal society advancing an interdisciplinary approach to the science and applicaƟon of
light.
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Brain vessels segmentation for light-sheet microscopy image 

using convolutional neural networks 
Chaoen Hu1,2,3, Hui Hui2,3, Shuo Wang2,3, Di Dong2,3, Xia Liu1, Xin Yang2,3, Jie Tian2,3  
1School of Automation, Harbin University of Science and Technology, Harbin 

150080, China  
2Key Laboratory of Molecular Imaging, Institute of Automation, Chinese Academy of 

Sciences, Beijing, 100190, China 
3Beijing Key Laboratory of Molecular Imaging, Beijing, 100190, China 

 

Abstract: Blood vessel segmentation is an important step in image analysis for tumor 

angiogenesis study etc. With the purpose of extracting line structures of blood vessels, 

some filter-based methods are used to segment vessels. However, the design of 

accurate and automatic vessel segmentation algorithms is still challenging, due to the 

variety and complexity of images, especially in brain blood vessel segmentation. In 

this work, we address a problem of automatic segmentation of brain micro-vessels 

structures in light-sheet image stacks. To segment micro-vessels in large-scale image 

data, we propose a method using convolutional neural networks (CNN) as a pixel 

binary classifier. Three convolutional layers and one fully connected layer are used in 

the CNN model. We extract a patch of size 32x32 pixels in each acquired brain vessel 

image stack as training data set to feed into CNN for classification. This network is 

trained to output the probability that the center pixel of input patch belong to vessel 

structures. To build the CNN architecture, a series of mouse brain vascular images 

acquired from a commercial light sheet fluorescence microscopy (LSFM) system 

were used for training the model. The preliminary experimental results demonstrated 

that our approach is a promising method for effectively extracted micro-vessels 

structures in brain images. 

 

Keywords: Brain vessel image segmentation, Convolutional neural networks, 

Light-sheet microscopic imaging 

 

Purpose: Light sheet fluorescence microscopy (LSFM) is a single-cell resolution 

imaging technique which illuminates the fluorescence-labeled mouse brain vascular 

network with a thin light sheet. However, micro-vessel structures are high density 

with inhomogeneous gray level in LSFM images, which results in challenging for 

extracting vessel structures with traditional segmentation methods. In this work, we 

propose a vascular image segmentation method by classifying each pixel in brain 

vessel image using trained convolutional neural networks (CNN) model to automatic 

segment brain vessels. 

 

Method:  

1. Image acquisition 

The whole mouse brain was cleared with solvent-based clearing method [1]. The 

brain vessels were labeled by antibodies anti-CD31 and anti-PDGFR β to specifically 

target vascular endothelial and hemangiopericyte respectively. The intact mouse brain 
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was imaged by a commercial light-sheet microscope equipped with a sCMOS camera 

and 2x/NA 0.5, 6mm working distance dipping cap.  

2. CNN architecture 

Our CNN model consists of three convolutional layers and one fully connected layer, 

as shown in Figure 1.The output of the model is binary label of the pixel. A patch of 

size 32x32 pixels in each acquired brain vessel image stack are taken as input pixels 

that are processed by series of convolutional and max-pooling layers in CNN [2]. 

Then the map between target output and input signal are achieved via fully connected 

layers. In each convolutional layer, each feature map is composed of one or more 

vessels and is extracted from the input patch of pixels by a convolution filter. The first 

convolutional layer in Figure 1 is composed of six feature maps, and each feature map 

contains a 28*28 pixel array, and each pixel acquired by a convolution filter, which 

extract feature from a 5*5 region. A softmax activation function is used for the last 

layer to get the probability of a pixel of the input image belonging to that class. Note 

that each group of pixels uses the same connection weights, which could reduce the 

train parameters. 

 
 

 

 

3. Data training 

We acquire a series of mouse brain vascular images (2160*2560*700) from a 

commercial LSFM system in our lab. The method of training image data set contains 

four steps:  

1) Random acquire a series of sub-images (500*500) in a full-size image as shown in 

Figure 2 (b). 2) Then, the vessels in each sub-image were segmented manually to get 

the labels of pixels. 3) We random select some pixels from background, and then set 

the max intensity of selected pixel as threshold. 4) A patch of pixel and its label are 

fed into CNN if the intensity of pixel exceeds threshold, see Figure 2 (e). 

Figure 1. Convolutional neural networks for brain vessel segmentation 
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New or breakthrough work to be presented:  

We present a CNN model for brain vessel image segmentation in light-sheet 

microcopy images. This approach can be used for automatic segmentation of brain 

vessels. 

Results: 

A CNN architecture has been built for automatic large-scale brain vessel image 

segmentation in light-sheet microcopy images. In preliminary study, 100 manually 

segment vessel image were used for training the classifier. The results illustrated that 

approach presented in this work is promising. However, to increase classification 

accuracy, more training data set have to be added into CNN model. The experiments 

are performed on a computer with a CPU Intel Xeon CPU E5-1620 4 cores @ 

3.50GHz processor, 24GB of RAM, and a GPU NVIDIA Quadro K4200 graphics 

cards. 

 

Conclusions:  

In this work, we have presented a method using convolutional neural networks (CNN) 

as a pixel binary classifier to address a problem of automatic segmentation of brain 

micro-vessels structures in light-sheet image stacks. The CNN architecture has been 

built by training the CNN model with three convolutional layers and one fully 

connected layer. The extracted feature by our approach can distinguish vessel and 

non-vessel pixels. This leads to a better performance than manual feature extraction. 

In future work, we will add more training data fed into our CNN model to increase 

Figure 2. (a) The 121th slice from a series of mouse brain vascular images (2160*2560*700). 

(b) Random zoom in the rectangular frame. (c) The rectangular frame is random background 

pixels. (d) Manual segmentation results. (e) To balance the amount of pixels both in positive 

and negative, part of the negative pixels that greater than threshold value are set to positive. 

The positive pixels are used for training the classifier. 
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classification accuracy. And we will also optimize the GPU implementation for 

classifying each pixel, which will accelerate the computing process. 
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