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Abstract  Visual communication in wireless scenarios is quite challenging because the channel
quality often varies unpredictably and dramatically with time and for different users. As a result,
uncoded pseudo-analog transmission schemes like SoftCast have attracted a lot of research inter-
ests in the past few years due to the ability to handle channel variation effectively and achieve
graceful quality transition in a very wide channel condition range. Such methods take advantage of
linear transform, power allocation and dense modulation to attain efficient analog-like visual com-
munication. A potential problem is that most of the existing visual communication systems aim to
minimize mean square error (MSE) of pixels reconstructed at receivers. However, the quality
metric MSE has long been criticized for not being consistent with perception of the human vision
system. Grounded on recent image quality assessment studies showing that image gradients
reflect visual information more reliably than pixel intensities, this paper presents a gradient based
image/video SoftCast (G-Cast) scheme, which conveys visual information by transmitting the
gradient data rather than DCT coefficients or pixel intensities, so as to pursue better perceptual

quality for wireless visual communication. To be specific, G-Cast delivers gradient data that
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contains the majority of visual information of the transmitted image in the uncoded pseudo-analog
way to cope with channel variation, and meanwhile sends out a very small portion of the low-
frequency coefficients by a low bit rate with strong protection so as to provide global and regional
luminance of the image. In practice, the transmitted gradient data are usually influenced by
channel noise, which is commensurate with the channel signal-to-noise ratio (CSNR). To solve
this problem, this paper develops an effective decoding method for the G-Cast receiver, which
aims to reconstruct high quality image from the received noisy gradient data and a small number
of low-frequency coefficients. For this purpose, we exploit statistical characteristics of gradient
data for adaptive distribution modeling and sparsity regularization. Instead of using a fixed zero-mean
Laplace distribution to characterize statistics of gradient data as in the conventional total variation
(TV) model, we further exploit non-local similarity of the latent image patches and use the highly
correlated image contents to provide data samples and form the distributions of gradients, with
both expectation and variance of each gradient being adaptively estimated. Irrelevant contents
are ruled out so that the estimated parameters are more accurate. A non-local gradient sparse
regularization is developed based on the adaptive distribution modeling of gradient data, with the
strength of regularization adaptively controlled for each gradient according to the reliability of the
estimated expectation. The corresponding optimization problem is solved by the augmented
Lagrangian method and the variable splitting technique. The solution comes down to a simple
soft-thresholding calculation for gradient denoising and an efficient data fusion operation to
generate the reconstructed image in an iterative manner. Experimental results on several test
image data sets show that the proposed scheme outperforms SoftCast and the conventional TV
based G-Cast remarkably in terms of gradient similarity (GSM) and visual quality in a wide
CSNR range.

Keywords SoftCast; perceptual quality; image gradient; adaptive modeling; sparsity
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