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An Energy-Efficient Accelerator IC for
Dark Channel Prior Based Blind Image

Deblurring
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Abstract

Cameras have been widely used to record the daily
lives with images. Therefore, enhancing blurred images
becomes an important issue. A blurred image is generated
when there is relative movement between the object and
the camera during the integration time. Since the blur
kernel is usually unknown, a blind deblurring algorithm is
needed. After the blur kernel is estimated, deconvolution is
applied to reconstruct the sharp image with the estimated
blur kernel. In the whole blind deblurring process, the
blur kernel estimation occupies 99% of the runtime.
Therefore, some previous design accelerates the blur
kernel estimation based on an expectation-minimization
algorithm. To further improve the deblurring performance,
a dark channel prior based blind deblurring algorithm
is latter proposed. However, to achieve such quality
improvement, the time complexity increases significantly,

which poses design challenges for real-time applications.

This work presents an energy-efficient dedicated
accelerator for the dark channel prior based blind
deblurring algorithm. To determine the coarse structure of
the blur kernel, the pre-processing for the blurred image
is required. The Gaussian image pyramid process and
boundary wrapping are applied to the blurred image. The
patches for wrapping at the boundary of the blurred image
are generated by solving the 2D Laplace’s equation. For
the details of the blur kernel, the accelerator updates the
latent image and interim blur kernel alternately to refine
the blur kernel. After latent image estimation, blur kernel
estimation employs both latent image’s and blurred image’s
gradients to calculate the blur kernel. The conjugate
gradient method, instead of matrix inversion, is applied for

blur kernel estimation to reduce the complexity.
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Implemented in a 40-nm CMOS technology, the chip
dissipates less than 30mW. Compared to previous state-
of-the-art, this work is capable to process larger image
and estimate larger blur kernel with less area. In addition,
higher normalized area efficiency and higher normalized
energy efficiency are achieved despite the better capability
for image deblurring. This design also achieves over 2000x
acceleration over CPU for image deblurring, making it

possible for real-time applications.
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A Fig. 1 Blind deblurring accelerator





