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Abstract
The two classic image restoration tasks, demosaicing and
super-resolution, have traditionally always been studied independently. That is sub-optimal as sequential processing, demosaicing and then super-resolution, may lead to amplification of artifacts. In this paper, we show that such accumulation of errors can be easily averted by jointly performing demosaicing and
super-resolution. To this end, we propose a deep residual network for learning an end-to-end mapping between Bayer images
and high-resolution images. Our deep residual demosaicing and
super-resolution network is able to recover high-quality superresolved images from low-resolution Bayer mosaics in a single
step without producing the artifacts common to such processing
when the two operations are done separately. We perform extensive experiments to show that our deep residual network achieves
demosaiced and super-resolved images that are superior to the
state-of-the-art both qualitatively and quantitatively.
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Introduction
There is an evergrowing interest in capturing high-resolution
images that follows the increasing quality of display devices.
However, the most prevalent image capture devices are mobile
phones, which are equipped with small lenses and compact sensors. Despite the large advancements made in improving the dynamic range and resolution of images captured by mobile devices,
the inherent design choices limit the ability to capture very highquality images.
The limitations result from two design decisions. Firstly, the
single CMOS sensor in most of the cameras, including mobile
cameras, measures at each spatial location only a limited range of
wavelengths (red, green or blue) of the electromagnetic radiation
instead of the full visible spectrum (red, green, and blue). This
is achieved by placing a color filter array (CFA) in front of the
sensor. The most common type of CFA is the Bayer pattern [1],
which captures an image mosaic with twice as many green pixels
as compared to red and blue pixels. Secondly, as the sensor needs
to be compact to fit into the device, resolution is limited by the size
of the photon wells. Small photon wells have a low well capacity, which limits the dynamic range of the image capture. Large
photon wells limit the number of pixels and thus the resolution.
To reconstruct full color from the CFA mosaiced image, demosaicing algorithms are applied, while low-resolution demosaiced
images can only be dealt with using super-resolution algorithms
in a post-processing step.
In the last decades, demosaicing and super-resolution have
been independently studied and applied in sequential steps. However, the separate application of demosaicing and super-resolution
is sub-optimal and usually leads to error accumulation. This is be-
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Figure 1: Comparison of our joint demosaicing and superresolution output to the sequential application of demoisacing and
super-resolution. The two numbers in the brackets are PSNR and
SSIM respectively. Our method is able to faithfully reconstruct
the original.
cause artifacts such as color zippering introduced by demosaicing
algorithms is treated as a valid signal of the input image by the
super-resolution algorithms. As most of the super-resolution algorithms [3] rely on the assumption that the human visual system
is more sensitive to the details in the luminance channel than the
details in chroma channels, they only deal with noise in the luminance channel and neglect the artifacts in chroma channels caused
by demosaicing algorithms. As a result, sequential application of
super-resolution algorithm after demosaicing algorithm can lead
to visually disturbing artifacts in the final output. An example is
shown in Fig. 1b).
Although demosaicing and super-resolution have been investigated independently, it is reasonable to address them in a unified
context, which is the aim of this paper. With the advent of deep
learning, there are several methods for super-resolution [3, 12, 17]
that successfully outperform traditional super-resolution meth-

