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Figure 1: Overall process of our texture map generation method for a 3D reconstructed scene
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1 Introduction

Nowadays RGB-D cameras, such as Microsoft Kinect, have be-
come widely available. Various researches on 3D reconstruction
based on RGB-D images have enabled 3D navigation of a scene by
rendering the reconstructed 3D model from desirable viewpoints.
However, these reconstructed 3D models are not yet popularly used
in applications due to the lack of accurate color information.

Recently an optimization-based approach for mapping color images
onto a 3D geometric model reconstructed using a consumer RGB-D
sensor is proposed [Zhou and Koltun 2014]. It optimizes the camera
poses for all color images and applies non-rigid transforms to color
images to enhance the alignments with the 3D model. To represent
the detailed color information, it requires a large number of vertices
that introduces computational and storage overheads.

In this paper, we propose a novel approach based on texture map-
ping for mapping color images onto a 3D reconstructed scene. Dif-
ferently from previous methods that use voxel or vertex colors to
render 3D reconstructed models, our approach uses an accurately
recovered texture map for rendering. The usage of texture mapping
enables a simpler mesh to be used for reconstructing detailed color
information of a large scene.1

2 Our Approach

Fig. 1 shows the overall process of our approach to generate a tex-
ture map for a reconstructed 3D model. For a given color and depth
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input stream, we reconstruct a geometric model using a voxel-based
3D reconstruction method, and this model is simplified using a
mesh simplification method. We then select key frames from the
color image stream using a spatio-temporal adaptive sampling to
reduce the processing time and to increase the quality of the gener-
ated texture map.

Using the set of selected key frames, we generate a global texture
map for the simplified 3D mesh. The initial texture map could be
photometrically inconsistent because of imprecisely estimated cam-
era poses and possible distortions in the key frames. We refine the
sub-textures of faces by optimizing an objective function of sub-
texture coordinates to maximize the photometric consistency. This
optimization enables us to obtain a precise global texture map that
can be rendered efficiently with the simplified mesh.

2.1 Spatio-temporal Key Frame Sampling

The length of an input RGB-D stream can vary from several hun-
dreds to thousands of frames, according to the scale of the target
scene to be reconstructed. Such a long stream contains a lot of
redundant data, most of which are less useful for texture map gen-
eration. By sampling the input images according to the uniqueness
and quality, we can accelerate the texture generation process and
obtain a better quality texture map. Since we utilize both tempo-
ral and spatial information, we call this key frame selection process
spatio-temporal sampling. The extracted key frames are used for
sub-textures in later steps.

2.2 Texture Map Generation

To generate a global texture, we first generate the initial layout of
the texture map by applying UV parameterization to the mesh. We
then project vertices of each face of the mesh onto sub-textures,
i.e., selected key frames, where the face is visible. The color of
each face in the global texture is calculated by weighted blending
of corresponding regions in sub-textures.

1This work has been accepted as a full paper for Computer Graphics
International (CGI) 2016.
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Figure 2: Rendering result of the fountain model with our generated texture map. We compare the result with the volumetric blending
approach and the color map optimization. Note that the overall difference of color balances between color map optimization and ours has
come from the difference in the input image streams.

2.3 Texture Map Optimization

We optimize sub-texture coordinates of every vertex of the mesh to
minimize the color inconsistency among the sub-textures. To op-
timize the objective function with a large number of parameters in
practical computation time, we parallelize the optimization process
by exploiting the locality of the problem. Since the consistency
among sub-textures around each vertex is only determined by its
1-ring neighborhood faces, we subdivide the entire Gauss-Newton
update problem into smaller independent sub-problems that only
update the sub-texture coordinates of single vertices. With this sim-
plification, we can use single kernel threads on GPU to perform
parallel Gauss-Newton updates for the sub-texture coordinates of
vertices.

3 Experimental Results

We performed various experiments to evaluate the proposed
method. We tested our method on several 3D reconstructed models
with RGB-D streams provided by [Zhou and Koltun 2013; Zhou
and Koltun 2014], which were taken using an Asus Xtion Pro Live
RGB-D camera. All experiments were performed on a PC with an
Intel i7 4.0GHz CPU, 16GB RAM and Nvidia GeForce GTX TI-
TAN X GPU.

Our method refines the global texture map using iterative optimiza-
tion. We used 100 iterations for all experiments in this paper. For
the fountain model, we compared our result with [Zhou and Koltun
2014] using the reconstructed mesh provided by them. Fig. 2 shows
visual comparison. Note that the color balance of the rendering re-
sult in [Zhou and Koltun 2014] differs from ours because the input
color streams are not identical. The method of Zhou and Koltun
[2014] took more than 200s according to their paper, but our opti-
mization only takes 2.6s, taking 26ms per iteration. Nevertheless
the rendering results are quite comparable, while our processing
time is about 100× faster. Fig. 3 demonstrates that our method can
also be used to generate precise texture maps needed for visualizing
large-scale 3D reconstructed scenes.

Reconstructed geometric models, especially indoor scenes,
equipped with precisely generated texture maps can be used as 3D
model contents for various applications, such as virtual reality and
3D fabrication.

Figure 3: Rendering result of a large-scale scene
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