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学位论文中文摘要： 
图像合成是指把一幅或多幅图像中的内容合成到另一幅图像中，得到一幅新的图像，并使其看起来真实自然。
已有的图像合成方法，一般要求将待融入的图像内容放置在将融入的目标图像的内容之上。然而，当待融入内容有部分将被目标图像中的内容遮挡时，已有方法难以处理那部分被遮挡的图像。对此，已有的图像合成方法常需要用户交互地去除那些将被遮挡的部分，人工操作繁琐，工作效率不高。而有些图像合成软件，如Photoshop，则是由用户进行内容的分层处理，确定它们之间的前后遮挡关系，由此依序进行合成。但由人工指定内容间的前后遮挡关系，仍是一个费力的工作。总之，到目前为止，已有方法还难以高效地处理有遮挡情况的图像合成。对此，本文提出一种基于用户意图推断的嵌入式图像合成方法，可简便、快速地实现有遮挡情况的图像合成，提升图像合成的工作效率。
本文观察到，在图像合成中，有两种先验可用以推断待融入内容与目标图像中内容之间的前后遮挡关系，由此进行嵌入式的图像合成，可大幅减少人工操作，提高工作效率。其一是重叠先验。图像合成时，用户总是希望，待融入内容在目标图像中得到比较充分的体现。因此，当待融入内容的绝大部分区域与目标图像中的另一内容重叠时，可推断待融入内容应该位于另一内容的前面。其二是深度先验。图像均是对一个三维场景进行表达，因此待融入的内容置入目标图像对应的三维空间中时，它与目标图像中的许多内容会有共同的接触面，称为支撑面。由此，根据这些内容在支撑面上相关的深度信息，可推断这些内容之间的前后位置情况，由此知晓它们之间的前后遮挡关系。经研究表明，图像合成中的待融入内容与目标图像中各内容之间的前后遮挡关系，一般可基于这两种先验得到有效处理。当然，有些情况也难以处理，比如：待融入内容与目标图像中有重叠区域的内容没有共同的支撑面。为此，我们设定一种用户交互操作来处理这种情况。用户只需通过简单的点击即可调整好相关内容的前后遮挡关系，得到所期望的合成结果。这种需要用户交互调整的情况一般很少出现，对新方法的工作效率影响不大。
本文提出的合成方法，其操作流程是：1）基于已有的深度学习方法对图像中的内容进行识别和分割，并获取目标图像中的深度信息；2）用户在源图像中进行感兴趣的内容的拾取，此时用户只需简单的点击拾取即可；3）用户将待融入的内容置于目标图像中，并调整待融入内容的大小和位置；4）推断并确定待融于内容与目标图像中各内容之间的前后遮挡关系；5）完成图像的色彩融合计算，获得合成图像。
我们进行了大量的实验测试。实验表明，与现有的图像合成方法相比，本文方法能够便捷地处理相关内容间的遮挡关系，将待融入内容有效地嵌入到目标图像中,得到真实、自然的合成结果。在本文方法中，用户通过简便的人工交互即可快速从候选内容中提取其感兴趣的内容，能够节省99％的用户在源图像中进行感兴趣的内容捡拾的交互操作。同时，由于本文方法能够推断并确定待融于内容与目标图像中各内容之间的前后遮挡关系，可将合成处理时的交互处理次数减少90%。与图像编辑软件Photoshop相比，本文方法能够将图像合成速度提高十倍以上。本文方法只需少量交互操作即可完成一幅合成图像，具有操作简便、图像合成高效的优点，大大提高了图像合成的工作效率。
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Image composition extracts the content of interest (COI) in a source image and blends it into a target image to generate a new image and makes it look real and natural.

With existing image composition methods, the COI must be entirely imposed over the target image. Thus, in handling the scenarios in which the COI is partially occluded by the contents in the target image, the users have to manually crop the occluded part, which is laborious and seriously reduces the efficiency. Although image editing software (e.g., Photoshop) can perform layered processing on the contents in the image, the user should specify the orders between the contents, and then perform the composition in sequence. Still, manually specifying the front-to-back orders between the image contents is very laborious. In summary, so far, there is no existing method that can efficiently handle image composition in the scenario with partial occlusions. Regarding this, this paper proposes an embedded image composition by inferring the user's intent, which can blend the COI into the target image efficiently and consistently, and improve the efficiency of image composition. 

We found that it can be inferred the orders between the COI and the semantical contents of the target image through two priors, thus conducting the embedded image composition, which can greatly reduce manual operations and improve work efficiency. The first is the overlapping prior. In a good composition, users always expect that the COI should be well presented in the layout. The COI of the source image should not be largely overlapped by the semantical contents of the target image. Therefore, when the COI covers a large proportion of a semantical content of the target image, it can be inferred that the COI should be in front of the semantical contents of the target image. The second is the depth prior. The image is a representation of a three-dimensional scene. Therefore, when the COI is placed in the three-dimensional space represented by the target image, it will have a common contact surface with some contents of the target image, which is called the supporting surface. By comparing the depth values of the supporting contents of these contents, the depth ordering between the COI and the semantical contents of the target image can be deduced. Research shows that most of the occlusion relationships between the COI and the semantical contents of the target image can be effectively processed based on these two priors. However, there exist some exceptions. For example, The COI and the semantical contents of the target image that have overlapping areas do not have a common supporting surface. In this regard, we add a user interaction to solve this problem. Thus, the user can correct the orders between the contents with simple clicks, and obtain the desired composition result. This situation is generally rare and has little effect on the efficiency of the method.

Our method works in the following steps: 1) We extract the semantic contents of the images and estimate the depth information by state-of-the-art deep learning methods; 2) The user selects the COI, which only needs a simple click; 3) The user places the COI onto the suitable place of the target image; 4) Our algorithm infers the occlusion relationships between the COI and the semantical contents of the target image; 5) Our method performs the color fusion computation to obtain the composite image.

We conducted a lot of experimental tests. Compared with the existing image composition methods, our method can easily handle the occlusion relationship between related contents and effectively embed the COI into the target image, achieving an authentic and natural composition result. By using this method, the user can quickly extract the COI from the candidate contents through simple interaction, by which 99% operation for content extraction can be saved. As for composition, due to the inferred occlusion relationships between the COI and the semantical contents of the target image, 90% interaction operations can be saved. Compared to manual editing software, Photoshop, our method can speed up image composition by more than ten times, where we only require a few clicks. As a result, with our proposed method, image composition for embedding contents can be handled easily and efficiently.
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