N\WAL(Y

ERBTE
SETREF B RRA: 216fps * M{EFull-HDZ HHTR A
3DV REERELERFRS

Free Your Viewpoint: A 216fps, Quad Full-HD
Free-viewpoint 3DTV Set-top Box SoC
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ABSTRACT

Reality is always the dream of the humankind. In the past,
ancients, like the Leonardo da Vinci, start the pursuing of how
can we "make the reality”. Even today, in the world with higher
and higher TV resolution and better and better 3D technology,

we are still pursuing.

In this project, we first analyze the concept of the 3D perception
in the human visual system. After that, we propose the skill
to provide the Motion Parallax, which is the missing part of
today’s 2D/3DTV, by the interaction between the viewer and
the display. In order to provide the best and the most “realistic”
video quality, we integrate the nowadays MVC 3D decoder
and the free-viewpoint generator into one System-on-a-Chip.
By the worldwide largest specifications, including Quad Full-
HD (4096x2160 pixels) video resolution, 216 frame per second
free-viewpoint capability, and the Quad Full-HD@30fps MVC
decoding capability, not only the current 2D or 3D TV, but also
the multi-user or the glass-less 3DTV and the virtual reality in
next-generation TV applications can be all supported through

our SoC design.

In the design phase, we found that a ultra high hardware
requirement, including 31.5GB/Sec system memory bandwidth

and 66.2TOPS computational complexity, is required for only
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one virtual viewpoint. Therefore, lots of optimization schemes
are proposed from the algorithm level, system level, and the
hardware level. Furthermore, we discover and solve the problem,
the Inter-view Color Calibration, which nobody else ever finds.
In the system level, after integrating the 6D free-viewpoint view
synthesis flow and the corresponding optimization scheme,
95.7% system memory bandwidth is saved. In the hardware
level, 68% of hardware area in the warping engine, and 93.3%
computing cycles in the inpainting engine, can be saved with

even better image visual quality.

Finally, we design and implement the worldwide first free-
viewpoint 3DTV set-top box SoC under TSMC 40nm technology.
The highest specification and operating frequency is Quad
Full-HD@216fps in 240MHz. The proposed SoC support six
dimension of freedom, including three dimensional translation
and three dimensional rotation, in the free-viewpoint generation.
Comparing with the state-of-the-art 3DTV chips, the proposed
SoC provide 6.6x to 229x power efficiency and 9x to 40.5x overall
system throughput. Furthermore, 6D free-viewpoint functionality
is supported while the state-of-the-art 3DTV chips can only
hardly support 1D (left-to-right eye). Based on the proposed free-

viewpoint 3DTV set-top box SoC, the humankind is one large
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step ahead the real “reality”.
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