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Dear Hui Hui,

Congratula ons! The chairs of the upcoming "Biomedical Applica ons in Molecular, Structural, and
Func onal Imaging" conference have accepted your paper, “A fast image registra on approach of
neural ac vi es in light‐sheet fluorescence microcopy images,” for Oral presenta on to be presented 13
February 2017.

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

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

PAPER TITLE: A fast image registra on approach of neural ac vi es in light‐sheet fluorescence
microcopy images
PAPER NUMBER: 10137‐28
PRESENTATION DATE: 13 February 2017
PRESENTATION TYPE: Oral (determined by Conference Chairs)
PRESENTATION DURATION: 20 minutes (includes Q&A for oral presenta ons)
PRESENTATION GUIDELINES:

Oral Presenta on Guidelines: h p://spie.org/x30098.xml
Poster Presenta on Guidelines: h p://spie.org/x30099.xml

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

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

SPECIAL EVENTS: Check the Website for informa on on these important Special Events at h p://spie.org
/x90759.xml
CAD PROSTATEx Grand Challenge and Live Demonstra ons
Ultrasound Computed Tomography Data Challenge Panel Discussion
Plenary and Keynote Presenta ons
Technical Workshops

COURSES: SPIE Student Members get 50% off. Addi onal informa on available online at h p://spie.org
/x12172.xml
Register to a end the ‘Wri ng for Publica on in Medical Imaging (WS776)’ and ‘Early Career

Professional Development in Medical Imaging (WS757)’ courses.

VIEW THE CURRENT PROGRAM: h p://spie.org/x12171.xml
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The online program contains the most up‐to‐date informa on, including the conference program and
addi onal conference‐related ac vi es. The program is subject to change at any  me before or during
the conference.
The PDF of the advance program that is posted online will not be updated with changes or late

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

the sessions overlap. If your presenta ons are at risk of overlapping, please no fy me immediately so
that we can adjust the program (Email: robbinew@spie.org)
If you have mul ple posters in the same poster session, please find a presenter for each poster.

REQUEST AN INVITATION LETTER FOR VISA APPLICATION: h p://spie.org/USvisa‐info
Only authors listed on an accepted paper may request invita on le ers.
Because of the number of visa applica ons and the need for thorough security reviews, the visa

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

the mee ng. Please allow a few weeks to process invita on le er requests.
Once your invita on le er is ready, you will receive an email with the PDF copy of your le er to

review. Please carefully check your le er to verify that it is accurate, and send any needed changes to
invita onle ers@spie.org. Once we receive your confirma on of accuracy, the original invita on le er
will be mailed to you via first class post.

BOOK YOUR HOTEL: Hotel informa on will be available star ng 13‐October.
All authors (including invited and keynote) are expected to obtain funding for their registra on fees,
travel, and accommoda ons, independent of SPIE, through their sponsoring organiza ons.

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

changes directly to me, robbinew@spie.org by 3 December 2016. Changes submi ed with your
manuscript will not automa cally be reflected in the conference program.
If you are unable to a end and make your presenta on, please look for an alternate speaker before

canceling.
Cancella on dates and reasons are noted in your permanent record.
Last‐minute cancella ons 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 presenta on, please no fy me no later than 3

December 2016 so we can remove the presenta on from the final program.

REGISTER FOR THE CONFERENCE by 27 January 2017: h p://spie.org/x12166.xml?WT.mc_id=RMI16GB
All authors a ending the conference must register (including invited and keynote speakers).
Author rates are discounted from a endee prices.
Current SPIE Members receive an addi onal discount.
Full‐ me student authors should register as students.
Rates increase by US$150 a er 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 publica ons.
The manuscript submission site at h p://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 mee ng.
Your presenta on 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:
Effec ve Technical Presenta ons at h p://spie.org/WS897
Effec ve Scien fic Papers at h p://spie.org/WS908

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

SPIE Contact Informa on:
Please include your SPIE Paper Number in the subject line of all Email correspondence.
For ques ons about your presenta on, or the mee ng, contact Robbine Waters at robbinew@spie.org
For ques ons about your manuscript, contact David Maguire at davidm@spie.org

This year's event includes an outstanding selec on of presenters and we look forward to your
par cipa on!

Thank you for your contribu on.

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 interna onal society advancing an interdisciplinary approach to the science and applica on of
light.
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A fast image registration approach of neural activities in light-sheet 

fluorescence microcopy images 
Hui Meng1, 2, Hui Hui1, 2, Chaoen Hu1, 2, Xin Yang1, 2, Jie Tian1, 2 

1Key Laboratory of Molecular Imaging, Institute of Automation, Chinese Academy of 

Sciences, Beijing, 100190, China 
2Beijing Key Laboratory of Molecular Imaging, Institute of Automation, Beijing, 100190, 

China 

Abstract: The ability of fast and single-neuron resolution imaging of neural activities enables 

light-sheet fluorescence microscopy (LSFM) as a powerful imaging technique in functional 

neural connection applications. The state-of-art LSFM imaging system can record the 

neuronal activities of entire brain for small animal, such as zebrafish or C. elegans at 

single-neuron resolution. However, the stimulated and spontaneous movements in animal 

brain result in inconsistent neuron positions during recording process. In this work, we 

address the problem of real-time registration of neural positions in stacks of LSFM images. 

This is necessary to register brain structures and activities. To achieve real-time registration 

of neural activities, we present a fast rigid registration architecture by implementation of 

Graphics Processing Unit (GPU). In this approach, the image stack was preprocessed on GPU 

by mean stretching to reduce the computation effort. The present image was registered to the 

previous stack that considered as reference. A fast Fourier transform (FFT) algorithm was 

used for calculating the shift of the image stack. The calculations for image registration were 

performed in different threads while the preparation functionality was refactored and called only 

once by the master thread. We implemented our registration algorithm on NVIDIA Quadro 

K4200 GPU under Compute Unified Device Architecture (CUDA) programming 

environment. The experimental results showed that the registration computation can speed-up 

to 550ms for a full high-resolution brain image. The registration can be accelerated using 

more GPUs in the architecture. Our approach also has potential to be used for other dynamic 

image registrations in biomedical applications. 

Keywords: Image registration, GPU implementation, Light-sheet microscopy 

 

Purpose: To address the problem of real-time registration of neural positions in image stacks 

of light-sheet fluorescence microscopy (LSFM) images, we presented a fast image 

registration algorithm for functional imaging of neural activities. A fast rigid registration 

architecture is implemented by Graphics Processing Unit (GPU) under Compute Unified 

Device Architecture (CUDA) programming environment.  

Methods: Our registration algorithm consists of three parts: image reading, registration 

pipeline setting up and iteratively implementing registration algorithm [1]. To accelerate the 

registration algorithm, we calculate the shift of the image. The vector multiply function is 

predominant for the computation performance. To realize real-time registration, the 

calculations in registration algorithm, i.e. FFT, IFFT, are performed on GPU, see Figure 1.  
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Figure 1. Design of the registration algorithm. In the registration framework, we select an input image at each time 

step. A series of transformations for the input images are computed in parallel and stored in the intermediate 

transformation field after preprocessing. After these transformation kernels have finished, the result is interpolated 

and stored in the output image.  

The framework of parallel computation implemented by GPU, as shown in Figure 2. 
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Figure 2. The framework of parallel computation based on GPU. Parallel computation was implemented at several 

places, namely for preprocessing and for performing the translation of each pixel. Parallelization can be performed 

here by threads (green grid) working on disjoint parts of the vectors.  

Results: The experiments are performed on a computer with a CPU E5-1620 4 cores @ 3.50GHz 

processor, 32GB of RAM, and NVIDIA Quadro K4200 graphics cards. A GPU implementation 

accelerates the image registration. To evaluate the registration performance, three parameters point 

density, square size and max shift value of the image are taken into account. The runtimes of 

image registration with point density, square size and max shift value equal 80, 112, 12 

respectively for different numbers of images are listed in Table 1.  

Table 1. Runtime of the registration algorithm 

Image size (height x width x numbers) t(s) 

2048 x 2048 x 100 55.052 

2048 x 2048 x 500 268.027 

2048 x 2048 x 1000 539.052 

New or breakthrough work to be presented:  

Our approach can achieve light-sheet fluorescence microscopy image registration in neural 

activity time-scale which can be extend to other applications of in vivo functional imaging. 

Conclusions: In this work, we have presented a fast rigid registration architecture by 



implementation of Graphics Processing Unit (GPU) to realize real-time registration of neural 

positions in stacks of LSFM images. We have calculated the shift of the image stack 

performed the calculations in parallel. The deformable registration algorithm [2] on local 

images were obtained efficiently. The experimental results demonstrated that our approach can 

achieve fast image registration in millisecond scale which can be applied for in vivo functional 

imaging. 
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