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ABSTRACT

This study proposes a composition transformation method to generate visually more appealing images from a
single landscape image. The method reconstructs a 3D scene from a single image, virtually changes the camera
position to achieve desired compositions, and performs inpainting on the missing regions while considering region-
specific characteristics. In the experiments, we generated images using centered and rule-of-thirds compositions.
The effectiveness of the proposed method was demonstrated through comparisons with conventional approaches.
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1. INTRODUCTION

With the widespread use of smartphones and social networking services, opportunities to capture and share
photographs have increased significantly. As a result, users often seek visually attractive images that follow
well-established photographic composition rules, such as centered composition or the rule of thirds.

Existing approaches for enhancing photo aesthetics mainly rely on two-dimensional image processing, includ-
ing color correction and tone adjustment. While these methods can improve the visual appearance of an image,
they cannot alter fundamental compositional factors determined at the time of capture. To address this limita-
tion, several studies have explored composition transformation techniques based on cropping and outpainting.!™3
However, aggressive cropping often reduces image resolution or produces unnatural aspect ratios. In addition,
depending on the target composition, the region requiring extrapolation may become large, resulting in images
that differ significantly from the original scene.

As an alternative approach, three-dimensional scene representations derived from a single image have been
investigated to enable viewpoint changes. Methods such as Tour Into the Picture* and learning-based novel view
synthesis® % allow virtual camera movement. Nevertheless, existing approaches either restrict camera motion to
avoid visual artifacts or rely on generative models whose performance degrades when large extrapolated regions
are required.

In this study, we propose a region-based composition transformation method for single landscape images using
3D reconstruction. The method generates a textured mesh from a single image and transforms the composition
by virtually changing the camera position. Missing regions caused by viewpoint changes are then filled by
inpainting while considering region-specific characteristics. This approach enables visually consistent composition
transformation for single outdoor landscape images, even when the extrapolated regions are relatively large.

2. PROPOSED METHOD
2.1 Overview

The proposed method first takes a landscape image that includes a primary object, the sky, and the ground,
and generates four additional images from it: a background image with objects removed, a region label image of
the input image, a region label image of the background image, and a depth image of the input image. Using
the input image and the four generated images, textured 3D meshes are then generated. Next, the optimal
composition is determined by moving a virtual camera. Gaps between meshes due to camera movement in the
composition-transformed image are filled by inpainting. Each step is described in detail below.
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Figure 1. Preparation of intermediate images.

2.2 Preparation of Intermediate Images

First, [OPaint,” an inpainting method, is applied to the input image, as shown in Fig. 1(a), by manually selecting
the object to generate a background image, as shown in Fig. 1(b). Next, semantic segmentation® is applied to
the background image to generate region label images representing sky, ground, and other regions, as shown in
Fig. 1(c). SAM,? a segmentation method, is then applied to the input image to generate a region label image of
the object. We obtain a region label image corresponding to the input image by integrating the results as shown
in Fig. 1(d). We also generate a depth image corresponding to the input image using DepthMap, a function in
Stable Diffusion Web UL as shown in Fig. 1(e).

2.3 Generation of Textured 3D Mesh

The five images in Fig. 1 are used to independently generate the 3D mesh for each of the object, ground, and
other regions. First, the 3D coordinates of the depth image are calculated using the standard projection model.
Next, for the ground and other regions, a plane is fitted to the 3D coordinates of each region using RANSAC!!
followed by the least-squares method to suppress unnatural texture distortion during the camera-motion-based
composition transformation described below. For the object region, the depth value of the ground pixel located
directly beneath the lowest part of the object region is used as the uniform value of the entire object. This
maintains consistency between the object and its shadow position on the ground when the camera is moved.
Finally, texture mapping is performed on the generated meshes by projecting the background image.

2.4 Composition Transformation

In the composition transformation, the virtual camera is manually translated in a direction perpendicular to the
optical axis of the image so that the primary object aligns with the desired compositional layout (e.g., centered
or rule-of-thirds placement), as shown in Fig. 2(a). Here, the sky region is assumed to be at infinity; therefore,
its position remains fixed in the rendering process even when the camera is moved.

Next, the same composition transformation is applied to the region label image colorized from Fig. 1(d), as
shown in Fig. 2(c). In this transformation, the red region indicates missing areas for which no information exists
in the original input image. Subsequently, patch-based inpainting!'? is applied to obtain a region label image
as shown in Fig. 2(d). These labels are later used during inpainting of the composition-transformed image to
suppress the generation of unnatural textures.

2.5 Inpainting

Region-specific inpainting is performed. First, for the ground region, a homography transformation is applied
to transform the ground region of the input image into a frontal view, as shown in Fig. 3(a). This process
compensates for projective distortions. Next, patch-based inpainting'? is applied to the frontal view image to
obtain a ground image with no missing areas, as shown in Fig. 3(b). Finally, by mapping it onto the ground
plane, we obtain a texture-filled image of the ground region after the composition transformation. Next, the
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Figure 2. Composition transformation and region label images.
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Figure 3. Ground texture.

missing regions in the other region are filled. Using only the textures in the other regions shown in Fig. 2(d)
as references, we apply inpainting'? to suppress the generation of unnatural textures. Finally, inpainting'? is
applied to the remaining missing regions to obtain the final output image with all the missing regions filled in.

3. EXPERIMENTS
3.1 Overview

We conducted experiments to perform composition transformations to two common photographic styles: centered
and rule-of-thirds compositions. The composition transformations applied to the input images shown at the top
of Figs. 4(a)-(d), whose resolution is 720 x 960 pixels, are referred to as Experiments 1 through 4, respectively.

In the experiments, we compared the results of the proposed method with those obtained using a combination
of cropping and outpainting, an approach adopted by Zhong et al.,! as a conventional baseline. Although Zhong
et al. determine cropping and outpainting regions based on evaluations of image quality and compositional
aesthetics, in our experiments, we manually set the cropping and outpainting regions so that the size and
position of the primary object match the transformed compositions produced by the proposed method.

3.2 Experiment Results

The middle and bottom of Fig. 4 show the generated region label and depth images. Figure 5 shows the images
after transformation to centered and rule-of-thirds compositions, respectively. Figure 6 presents the experimental
results for Experiments 1 through 4, respectively. In each figure, (a) and (b) show the results for the centered
and the rule-of-thirds compositions. Panels (¢) and (d) show comparison images obtained by first applying
outpainting using Stable Diffusion Web UL, followed by cropping to a 720 x 960 resolution to match the
centered and rule-of-thirds compositions.

From these experimental results, the comparison images generated by the conventional method, shown in
Fig. 6(c) and (d), contain large interpolated regions, which often lead to unnatural textures. In contrast, the
results of the proposed method, shown in Fig. 6(a) and (b), demonstrate that composition transformation can
be achieved without generating visually implausible objects.
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Figure 4. From top to bottom: input images, region label images, and depth images.

In composition transformations where the primary objects are shifted substantially from their original posi-
tions, the size of the missing regions increases, as observed in Fig. 6. In these cases, most of the missing regions
correspond to ground areas. Therefore, the use of region-specific inpainting combined with fronto-parallel recti-
fication of ground textures contributes to preserving the natural appearance of the generated images.

On the other hand, several limitations can also be observed in Fig. 6. In the rule-of-thirds result of Experi-
ment 1, small gaps appear between the ground and other regions, causing slight leakage of sky textures. In the
rule-of-thirds result of Experiment 2, camera movement results in the ground and sky regions becoming adjacent,
making their boundaries more noticeable. In the rule-of-thirds result of Experiment 3, slight positional shifts
at the base of the primary objects can be observed due to camera motion. In addition, in the centered result
of Experiment 1 and the rule-of-thirds result of Experiment 4, blurring occurs along the horizontal boundaries
between the sky and other regions.

Overall, the proposed method achieves composition transformations involving significant object movement
while reducing the size of extrapolated regions. In particular, for ground regions, removing perspective distortion
prior to inpainting allows natural textures to be synthesized. However, gaps between regions caused by camera
movement are likely due to inaccuracies in the segmentation used for generating region label images, indicat-
ing that further refinement of the segmentation step is necessary. Moreover, the blurring observed at region
boundaries suggests that boundary-aware inpainting should be considered in future work.
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Figure 5. From top to bottom: images after transformation to centered composition and rule-of-thirds composition.

4. CONCLUSION

This study proposed a method for performing image composition transformation from a single landscape im-
age using region-based segmentation and 3D reconstruction. The experimental results demonstrated that the
proposed method can achieve composition transformations without introducing significant deviations from the
original scene or generating unnatural objects. However, the current method sometimes produces artifacts.
Future work will focus on improving segmentation accuracy and incorporating boundary-aware inpainting.
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