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Object Image Inpainting Based on Sparse Representation
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Abstract  Image inpainting is a tough task. When the region to be filled is large and complex
structure and texture of an object is absent in the region, the existing image inpainting methods
will result in blurred object contour or inconsistent structure with surrounding known region. In
this paper, an image inpainting algorithm based on sparse representation is proposed to inpaint
the object image with missing structure and complex texture. The problem is decomposed into
two sub-problems: contour inpainting and texture inpainting. For contour inpainting, each
contour block in the missing region is sparsely represented by contour blocks in the known
region. If two contour shapes are highly similar, the structure sparse relation is approximated to
the same. To avoid sparse relation unreasonable by missing information in inpainted contour
block, sparse coefficients are derived from corresponding reference object contour with high
similarity. A series of contour block pairs between two contours are obtained by contour matching.
That is, for each unknown contour block (UB) in the object to be inpainted, there is a corresponding
contour block (UCB) in reference object. Similarly, for each known contour block (KB) in the
object to be inpainted, there is also a corresponding contour block (KCB) in reference object.
Each UCB can be sparsely represented by KCBs and the sparse coefficients are calculated with
those known UCB and KCBs. Then UB is expressed by those sparse coefficients and KBs. To
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improve the contour similarity of reference object to inpainted object, the algorithm provides a
similarity transformation model to edit the reference object. Moving least squares technique is
adopted to make the shape of reference object contour match that of inpainted object contour and
preserve the shape of reference object. Specially, first reference contour is deformed following
unpainted contour. By matching contour point pairs of two contours, a similarity matrix and a
translation vector are calculated and act on unpainted contour points to get target positions of
reference contour points. Then reference image is deformed to make contour points of reference
object reach target positions. The transformation rule is that spatially-close pixels follow similar
transformation. Using original positions and target positions of reference contour points, a
similarity matrix and a translation vector for each pixel in reference image are calculated using
moving least squares with the original spatial similarity between pixel and reference contour
points as weights. The pixel new position is obtained by transforming original position with
similarity matrix and translation vector. For texture inpainting, priority calculation and search
region partition based on image smoothing is proposed. Image structure extraction based texture
smoothing technique is adopted to reduce the influence of gradients with large amplitudes on priority
order, so as to obtain better texture structure. Search region partition can reduce the time for searching
similar image blocks. Experiments show that the algorithm can inpaint the object with missing
unique structure by reference object, and can better inpaint the curved contour and irregular
texture of various object images. Compared with the existing traditional and deep learning image

inpainting methods, this method achieves better results in inpainting objects with complex
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structures and textures.
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Background

When we are taking photos, we may come across such
cases. For example, a dog runs in suddenly. Or we find an
ideal scene except an obstacle. Those unexpected objects are
unpopular. Removing them from photos is easy by image
editing tools such as Photoshop, but inpainting the regions left
is troublesome. The task can be solved by image inpainting
technique. The fundamental principle is the result image
should be visually realistic and semantically consistent with
surrounding known region. Because there is no information
in the inpainted regions, image inpainting is an ill-posed
problem. In order to get more known information, traditional
methods try to inpaint the regions from the boundary to inner.
Even so, the content is still unreasonable or structure is
inconsistent in many cases. Recent years many deep learning
based image inpainting methods are proposed, which regards
image inpainting as image generation. By feature learning and

massive training data, those methods can achieve a reasonable
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WANG Dong, Ph. D. , associate professor. Her research
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result. But when there is strong structure and complex
texture in a large inpainted region, artifacts such as detail
blur, structure fusion and structure inconsistent will appear
in result image. Therefore, this paper proposes a sparse
representation based image inpainting algorithm to inpaint
object image with missing structure and complex texture. By
structure sparse relation derived from corresponding reference
object contour with high similarity, various large curve
contours can be inpainted correctly. And an image deformation
algorithm based on moving least squares technique is presented
to improve contour similarity of reference object to inpainted
object. To achieve better texture structure efficiently, priority
calculation and search region partition based on image
smoothing is given.
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