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Real-time Integral Videography Rendering using
Compute Unified Device Architecture

Nicholas Herlambang', Hongen Liao®, Kiyoshi Matsumiya',
Ken Masamune', Takeyoshi Dohi'

! Graduate School of Information Science and Technology,
*Graduate School of Engineering,
The University of Tokyo, Tokyo, Japan

nicholas@atre.t.u-tokvo.ac.jp

[Introduction] Integral Videography(IV) is a stereoscopic imaging method that
projects light rays into 3D space using the combination of high-resolution display and
convex lens array that is placed in front of the display. Compared to other
stereoscopic imaging method such as binocular stereoscopic, IV has advantages that it
does not need glasses or other viewing devices, it is spatially accurate, and it allows
multiple spectators at the same time. Because of that, IV is said to be a suitable
imaging method. for use in clinical situation. However, IV rendering process, the
process of creating IV image from a 3D data, is a computationally heavy process. It
was not possible to render IV images in real-time manner. [Purpose] In this paper, we
proposed a Graphic Processing Unit(GPU)-accelerated IV rendering method to realize
real-time IV rendering. [Method] We implemented volume rendering based on ray-
tracing method on NVIDIA Compute Unified Device Architecture(CUDA). We used
CUDA-compatible NVIDIA GeForce 8800 GTX as the GPU. [Results] We compared
IV rendering performances on CUDA compared to that on CPU(Pentium D 3.2 GHz).
Rendering time was calculated for both architectures for various 3D data sizes. IV
rendering average frame rate using GPU was 77, 40, 14, 2.9 [fps] compared to 4.2,
1.6, 0.3, 0.04 [fps] using CPU respectively for data size of 64°, 128°, 256°, 512°
[voxels]. GPU-accelerated IV rendering using CUDA outperformed CPU rendering
by scale factor of 18 to 77 times for the data size tested. It was also observed that the
bigger the data size, the higher the scale factor. [Conclusion] Using GPU-accelerated
IV rendering, we were able to realize real-time IV rendering. Applying real-time IV
rendering on various IV surgery navigation system applications is our future plan in
image-guided surgery.

Keywords — Integral Videography, volume rendering, GPU, CUDA.



GPU-accelerated Real-time 3D Ultrasound
Integral Videography Visualization System

Nicholas Herlambang', Hongen Liaoz, Kiyoshi Matsumiya],
Ken Masamune', Takeyoshi Dohi’

'Graduate School of Information Science and Technology,
’Graduate School of Engineering,
The University of Tokyo, Tokyo, Japan

nicholas@atre.t.u-tokvo.ac.ip

[Introduction] Among various imaging modalities, 3D ultrasound is the only imaging
modality that is able to acquire 3D data in real-time manner. However, 3D data that
was acquired in real-time manner are usually visualized on 2D display. This can lead
to misperception due to lack of depth information, especially for organ with fast
movement such as beating heart. This problem can be solved using 3D display instead
of 2D display for visualization. We have built 3D stereoscopic imaging method using
the principle of Integral Videography(IV). We previously developed the prototype of
3D ultrasound IV visualizing system with IV image frame rate of about 2 fps. This
prototype system still lacks frame rate and user interactivity. In this paper, we present
a real-time 3D ultrasound IV visualization system with GPU acceleration, including
real-time user interactivity during data visualization that allows user to change the
position and orientation of the 3D data on-the-fly. [Methods] We used trans-vaginal
3D ultrasound probe with data acquisition rate of 5 volumes/s. Coordinate
transformation and median filter was applied before IV volume rendering. Coordinate
transformation, median filtering, and IV volume rendering were implemented with
GPU acceleration using Compute Unified Device Architecture (CUDA). User
interactivity was realized by rendering repeatedly on the same data between 3D data
readings using user-defined position and orientation. Each processing cycle consists
of coordinate transformation, median filtering, and IV rendering. 3D data reading was
performed by separate thread and therefore did not affect total processing time of one
cycle, but contributed to time lag. [Results] We evaluated average processing time for
each process. Average time for data reading was 60 ms, while those of coordinate
transformation, median filtering, and IV rendering were 8, 13, 13 [ms] respectively.
The' average frame rate of the system was 29 fps, which is about 15 times faster than
previous system. [Conclusion] We have developed a real-time IV visualization system
for 3D ultrasound with. On-the-fly user interaction is also an improvement from
previous system. Using this system for various surgery navigation systems is our
future plan in image-guided surgery.

Keywords — Integral Videography, 3D ultrasound, GPU, CUDA.
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