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Space and Time Resolution Enhancement System
for Next Generation Display and Streaming
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Abstract

Benefiting from next-generation display technologies, many tech
companies and panel manufacturers have been developing
large-sized, high-specification display panels. Since 2021, television
display specifications have rapidly advanced—from 4K-UHD
(3840%2160 pixels) at 60 frames per second (FPS) in 2021, to
Samsung's 8K-UHD (7680x4320 pixels) 120-FPS TV launched in
2024. However, due to current limitations and expensive video
transmission bandwidth (e.g.,, Netflix's streaming bandwidth
supports only 4K-UHD at 60 FPS), these high-specification TVs are
unable to fully demonstrate their high-resolution capabilities.

To address this issue, our work presents a real-time space and time
resolution enhancement system for next-generation display and
streaming platforms, as shown in Fig. 3. This system can upscale
low-resolution QHD (960x540 pixels) 30-FPS videos to high-resolution
4K-UHD (38402160 pixels) 60-FPS in real time. We designed and
taped out a high-performance convolutional neural network (CNN)
chip, which is the world's first chip capable of simultaneously
enhancing both spatial and temporal resolution, achieving a
throughput of up to 8K-UHD at 60 FPS for smoother display
performance. Additionally, we integrated a custom-designed PCB
and a Xilinx FPGA board to develop a complete real-time chip
demonstration system. By utilizing a High-Definition Multimedia
Interface (HDMI) protocol, we built a live display platform to
showcase how neural network computing can be effectively
embedded into modern display and television devices.

This system can also be demonstrated on a commercial 4K-UHD
television thanks to the HDMI interface as shown in Fig. 2. A QHD
low-resolution video is restored to a 4K-UHD high-resolution video
through our chip, with the frame rate also doubled to 60 FPS,
enabling smooth playback on the TV screen. On the right side of the
TV display in the image, the left half of the zoomed-in section
shows the result from our chip, while the right half shows the result

of a traditional algorithm. It is evident from the image that our
CNN-based processing vyields smoother visual quality and
significantly reduces grid-like artifacts compared to traditional
methods, thereby delivering superior image quality.

In the future, we aim to embed this system into large-sized,
high-resolution televisions or monitors, offering consumers a more
immersive visual experience.
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Fig. 3 Chip demonstration system architecture.
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