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Abstract

The development of the display industry has led to a demand for image standards that can express a large
number of pixels in digital devices. To meet this demand, various up-scaling techniques that generate high-resolution
images have been studied. Two types of up-scaling techniques are commonly used: deep learning models and
traditional interpolation methods. Traditional interpolation methods are used in fields such as computer vision, medical
image processing, and image restoration. In this paper, we propose hardware for a scaler using the widely-used
bicubic interpolation algorithm among the representative three interpolation methods. The proposed hardware minimizes
the horizontal blank interval, which significantly affects image processing speed, by using a frequency conversion
method. The hardware is validated for real-time processing on QHD standard images based on logic synthesis in a
field programmable gate array environment.
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Fig. 1. Cubic interpolation
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Fig. 2. Experimental images, (a) Lena, (b) Airplane,
(c) Baboon, (d) Peppers
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Table 1. PSNR of result image according to interpolation[oB]

Method|  Nearest » _—
. Bilinear Bicubic
Image neighbor

Lena 25.25 40.03 46.83
Airplane 2393 39.34 4495
Baboon 17.69 30.54 38.33
Peppers 24.26 37.99 4467
Average 22.78 36.98 4370
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Table 2. Comparison of PSNR with previous study[dB]

Method Moon [8] Prqpos_ed

Image (Bicubic)
Lena 27.31 30.46
Camera man 24.79 2551
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Fig. 6. Timing diagram of scaler hardware
(a) Single clock method, (b) Frequency conversion method
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Table 3. Synthesis result of proposal hardware

Xilinx vivado v2023.1

Device xczu7ev—ffvc1156-2
o . Proposal H/W
Logic utilization Avaliable Used Uil
CLB Register(#) 460,800 8,563 1.86%
CLB LUTs#) 230,400 9,645 419%
Block RAMs(#) 312 30 9.62%
Min. period(ns) - 2.233
Max. Freq.(MHz) - 447.828

* The EDA tool was supported by the IC Design
Education Center(IDEC), Korea
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