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Abstract: The 3D reconstruction experiment can be performed accurately in most cases based on
the structure from motion (SfM) algorithm with the combination of the multi-view stereo (MVS)
framework through a video recorded around the object. However, we need to artificially hold the
camera and stabilize the recording process as much as possible to obtain better accuracy. To eliminate
the inaccurate recording caused by shaking during the recording process, we tried to fix the camera
on a camera stand and placed the object on a motorized turntable to record. However, in this case,
the background did not change when the camera position was kept still, and the large number of
feature points from the background were not useful for 3D reconstruction, resulting in the failure of
reconstructing the targeted object. To solve this problem, we performed video segmentation based
on background matting to segment the object from the background, so that the original background
would not affect the 3D reconstruction experiment. By intercepting the frames in the video, which
eliminates the background as the input of the 3D reconstruction system, we could obtain an accurate
3D reconstruction result of an object that could not be reconstructed originally when the PSNR and
SSIM increased to 11.51 and 0.26, respectively. It was proved that this algorithm can be applied to the
display of online merchandise, providing an easy way for merchants to obtain an accurate model.

Keywords: 3D reconstruction; multi-view stereo; structure from motion; background matting

MSC: 68T45

1. Introduction

3D reconstruction refers to the establishment of mathematical models of three-dimensional
objects that are suitable for computers to process, which is the foundation for processing,
manipulating, and analyzing their properties in a computer environment and the key
technology for establishing a virtual reality expressing the objective world in a computer.
3D reconstruction is generally vision-based, and is a way to obtain a 3D model of the
target object by collecting images from a camera and obtaining 3D coordinates according
to the triangulation principle [1]. 3D reconstruction plays a very significant role in object
recognition, scenery understanding, 3D modeling and animation, industrial control, etc. [2].
The development of deep learning in recent years has also brought a new impact and
convenience to 3D reconstruction [3].

Applications of 3D reconstruction have appeared in many fields such as the real-time
reconstruction of nearby scenes in robot navigation and mobile robots [4], the research on
tumors in the medical field [5], and the reconstruction of artifacts in tourist attractions [6].
During the development of computer vision, techniques to study the direction of 3D recon-
struction have become more and more mature, and many methods have been proposed for
this direction, but some problems still remain inevitable. For example, 3D reconstruction
can be an issue for weak texture regions and highlight regions. Both of the problems are
caused by the regions having a lot of similar RGB information, which leads to failures in
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feature extraction and feature point matching. Another example is that in some scenarios, a
constant background or a too complex background can also have a significant impact on
the 3D reconstruction.

When we sell products online, we often choose to record an introductory video about
our products and then upload the video with the details of the item online. In this case,
users are able to look at the pictures or watch the pre-recorded video by the merchants,
but cannot freely view the appearance and details of the product, so there are limitations
to this approach. In this paper, we wished to apply the SfM algorithm to the field of
commodity reconstruction to provide multiple views for customers. Hence, we considered
a fixed camera instead of a moving one to remove any artificial influence such as shaking
to improve the accuracy of the results obtained from SfM. For many online merchants, it
may be more convenient for them to put an object on an auto turntable since they may not
know how to take pictures appropriately. If the background has not changed and only the
object is rotating, we call it a “self-rotating” state, since it is the same as the rotation of the
Earth. Most of the feature points will come from the outside of the object instead of the
object itself, which are not useful at all for 3D reconstruction. This kind of problem will
also lead to a poorly reconstructed model. When using the SfM algorithm provided by
OpenMVG [7] in performing SIFT (scale-invariant feature transform) feature extraction [8]
and feature point matching, we found that such an algorithm was very flawed in the case
where the object is in a self-rotating state while the background does not change.

From the issues above, it can be concluded that the background has a bad influence on
the accuracy of 3D reconstruction, so we proposed a Matting-SfM algorithm in this paper,
in which we eliminated the background of the targeted object. This method removed the
influence of the background on the SfM and thus helped us obtain a good result in the end.

In summary, the conventional SfM algorithm is not able to reconstruct an accurate
result of an object that is in a self-rotating state. In response to such a problem, we propose
the Matting-SfM method, which has made the following contributions:

1.  We reveal the reason why conventional SfM cannot reconstruct self-rotating objects.

2. We propose a new algorithm called Matting-5fM, and compare the results of the two
algorithms (Matting-SfM and the SfM) after the MVS reconstruction. It was proven
that Matting-SfM algorithm possessed more accurate results and solved the problem
that the self-rotating objects could not be reconstructed.

The rest of this paper is organized as follows. Section 2 introduces the existing
3D reconstruction techniques. Section 3 presents our methods. The illustration of our
experimental materials is provided in Section 4. Our experimental results are provided in
Section 5, and the conclusions is presented in the last section.

2. Related Work

At present, the major 3D reconstruction methods generally include visual geometric
3D reconstruction and deep learning reconstruction. In visual geometry 3D reconstruc-
tion, there are some classical open source projects such as Colmap [9], OpenMVG [10],
VisualSfM [11], etc. On the other hand, there are also some deep learning methods for
3D reconstruction such as PatchMatchNet [12], MVSNet [13], R-MVSNet [14], PointMVS-
Net [15], Cascade series [16], etc. All of these methods can be used with a MVS framework
such as OpenMVS [17], CMVS [18], PMVS [19], etc. to obtain a good reconstruction result.
Moreover, further developments such as real-time reconstruction [20] or the applications in
embedded devices and hardware [21,22] are also very impressive.

Several 3D reconstruction algorithms are currently being widely used. In terms of
computing camera poses, there are two representative examples. One is based on RGB-D
(e.g., BundleFusion [23]), which requires a camera with depth information and has more
accuracy, but it also causes a device limitation. The other is RGB-based such as StM
(structure from motion) [24] or SLAM [25], which does not require the camera to have
depth information, but the depth should be calculated during the computing process.
These methods can be applied to the MVS system after obtaining the camera poses and
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a surface-optimized model with mapping will be obtained. In classical visual geometric
reconstructions, the SfM algorithm has been widely used, and thanks to the achievements
of people nowadays, we obtained a global SfM with high efficiency optimization [26].
Zhu et al. used a hybrid global and incremental SfM algorithm [27], and the following year,
they pushed the global SfM to a scale of millions of input images, larger than any previous
work [28]. Chen et al. proposed a tree-structured SfM algorithm [29], which greatly
improved the efficiency compared to the traditional SfM algorithm and also handled the
outliers more reliably, making the SfM algorithm more efficient and fault-tolerant.
Although the previous algorithm produced these exciting results, there is currently
none that can specifically handle the 3D reconstruction of self-rotating objects well. In order
to solve such a problem, we used the ResNet [30] to solve the defect of the algorithm, which
cannot reconstruct the rotating objects. We propose a Matting-S5fM algorithm, in which we
segmented the targeted object based on Background Matting v2 [31], using it to eliminate
the background completely. It largely removes the influence of the background on SfM.
The experiment proved that the Matting-SfM algorithm showed a great improvement over
the traditional SfM algorithm in the case of rotating objects and the background remains
unchanged, thus laying a good foundation for subsequent MVS reconstruction.

3. Methods
3.1. Video Segmentation and Background Replacement

Conventionally, the matting approach contains some of the classical algorithms, among
which the Canny algorithm [32] suits our task most. The problem is, for some complex
backgrounds, the results of the traditional algorithm are not always satisfying (Figure 1).
In Figure 1, the left background such as the areas marked in red boxes are not useful and
the object in the yellow box is the only area of interest. That is, the traditional algorithm
cannot eliminate the background totally.

Original Image

Edge Image

Figure 1. The matting result of the Canny algorithm.

To solve this problem, in this paper, foreground segmentation and background replace-
ment of objects were performed based on Background Matting v2 (BGMv?2 for shortcut).
We needed to provide a video or an image dataset of the object with the background and a
background image without the object. The more accurately the background is aligned with
the original video, the better (Figure 2).

We trained a new model by ourselves based on the approach of Lin’s team [31],
which was more suitable for our task to perform 3D reconstruction. The network was
ResNet 50, the epoch was set to 30 with a batch size of 16. We first trained the base
network and the refinement network was trained after it. Our two datasets comprised
VideoMatte240 K and a dataset made by ourselves. VideoMatte240 K contained 484 pairs of
high-resolution Alpha matte and foreground video clips extracted from green screen stock
footage, constituting 240,709 unique frames. The self-made dataset contained 1000 pictures
of different objects such as toys and models. The Alpha matte « and foreground F were
extracted by Photoshop manually.
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Figure 2. The input video (I) and background image (B).

First, the original video or image I and the background image B were linked to a
size of 6 * Hc * W, where the H represents the Height of the image, W represents the
Width of the image. Then, the image will be downsampled with multiplier C to generate
an input of size x 6 x Hc * W, which is fed to the basenet. The input and output results
of the two networks can be briefly represented as follows (Figure 3). The model ends
up with five results: Alpha, Foreground, ...Error Map, Refine, and Composite. For us,
Composite was the result that we needed to focus on, which is the core input of our 3D
reconstruction system.

Souce Image

“ DGD':":UDDDD DJoofjdo

Background

J

Target Background

N P Backbone ASPP Decoder

input BaseNet RefineNet Result

Figure 3. The two network structures of BGMv2 and the input and output results.

The architecture of the basenet is based on DeepLabV3 [33] and DeepLabV3+ [34],
where basenet consists of the backbone and ASPP module [35] along with a decoder
module. The above generated images of size 6 * Hc * W are input to the backbone for
feature extraction. Behind the backbone, the atrous spatial pyramid pooling (ASPP) module
is connected, which is a model that combines null convolution [33] with spatial pyramid
pooling (SPP) [36]. The decoder is connected behind the ASPP and stitches together the
previous output and the extracted special features of the backbone through skip connection
and performs bilinear upsampling, and then extracts the coarse result that consists of four
parts: Coarse Alpha «c; Foreground Residual FX; Error Map E.; Hidden H.. The subscript
C indicates the downsampling multiplier and the R refers to the word residual. We set
the downsampling multiplier to 4, which means that the four coarse results generated by
basenet were 1/16 of the original image.

Unlike basenet, operations are not performed on the original map in refinenet, but on
the patches with the K highest prediction errors extracted from the feature map with the
help of Error Map Ec. Since the multiplier C in the previous step was set to 4, the input Ec
obtained in refinenet is 1/16 of the original image, so each pixel within E¢ corresponds to a
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patch of 4 * 4 size of the original image. Refinenet connects the four coarse results output
from basenet with the processed image I and background map B as feature maps, selects
patches in the feature maps by E¢, and then performs two 3 * 3 convolutions to output 4 * 4
patches. The next step performs upsampling to output 8 * 8 patches, connects this patch
with the corresponding 8 * 8 patches in the original map, performs two 3 * 3 convolutions
again, and finally obtains 4 * 4 Alpha outputs and Error Map patches. Finally, the coarse
Alpha and coarse Error Map are upsampled until the original size, and then the patches are
replaced with the 4 * 4 Alpha and Error Map patches obtained by refinenet.

Using the black background as the final composite image background, given as image I,
background map B using the obtained Alpha mask map a and foreground map F, the new
image I’ can be synthesized by replacing the B with B’ as follows (1):

I'=aF + (1 —a)B )

While the above I and background map B were provided by us, B’ was set to a black
background since we wanted to remove the background. Alpha mask and foreground
F were predicted by the network structure of BGMv2 as follows. After performing the
processing of the two networks, the final output foreground residual FR can be expressed
in Equation (2):

FR=F—1] )

F can then be obtained by feeding FX into image I in Equation (3), and by combining
Equations (2) and (3), we can obtain a more detailed foreground image F:

F = max (mm(PR s 1),0) 3)

The L; loss is employed over the entire Alpha matte and its (Sobel) gradient to learn
with respect to the ground truth, a is the ground truth of « obtained by manual processing;:

Ly = Jla = o™}y +[|[Va = Va7 4)

Using Equation (3), we can calculate the foreground layer using the predicted fore-
ground residual FR. We only calculated the L; loss on pixels when a > 0, where a > 0isa
Boolean expression, and F" is the ground truth of F obtained by manual processing:

L= [[(a” > 0)x (F = F') [y ®)

The ground truth error map is defined as in Equation (6) for the refinement region
selection. Next, we determined the loss by computing the mean squared error between the
expected error map and the actual error map E, where E* is the ground truth error map
defined by [28]:

E* = |a—a (6)

Le=|[E-E|, @)

According to the above formulas, the base network (ac, FcR, Ec, Hc) = Gbase (Ic, Bc)
operates at 1/c of the original image resolution and the loss function is used as:

Lbase = thc + LFC + LEC (8)

The same as refinenet («, F, R) = Grefine (ac, FcR, Ec, He, I, B), the loss function of it is
used as Equation (9):
Lrefine =Ly +Lp (9)

3.2. Reconstructing Sparse Point Cloud

In visual geometric 3D reconstruction, there are two methods of the SfM algorithm:
incremental SfM and global SfM. In this paper, we used incremental SfM for reconstruction,
so the Global SfM was not included. Before the steps of 3D reconstruction, we had to
conduct some pre-processing steps such as SIFT feature extraction [8], AC-RANSAC [37]
for linear fitting, etc. The main steps of pre-processing can be described as follows (Figure 4).
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/ Input: Dataset of Images /

|
v

Extracting feature points and Computing descriptors

Calculate potential matching
l feature point pairs

Use neighboring feature point matching methods for
feature point matching

[
¥

Estimate Basic Matrix F

l Filtering false matches using
geometric consistency

Estimate Homography Matrix H

Output: Feature point matching results
after Geometric Calibration

Figure 4. The pre-processing process.

In order to find the connection between p and p’, we used the AC-RANSAC algorithm
provided by OpenMVG to calculate the Basic Matrix in Equation (10), and the parameters
in the formula can be referred to in Figure 5.

F=K"T[Tx]RK™! (10)

where F is the basic matrix, and K and K’ are the internal parameter matrix of the two
cameras. [ and I are the rays of p and p’, [ and I are two different planes. O; and O, two
diferent views. R and T are the rotation and translation matrix in 3D coordinates, and
[Tx]R is referred to as the essential matrix in Equation (11):

E=TxR=[Tx|R (11)

Figure 5. The parameter in the basic matrix.
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In the pre-processing stage, we also need to obtain the homography matrix (Figure 6).
It is known that the internal parameter matrix K of the first camera, the internal parameter

matrix K’ of the second camera, the position of the second camera with respect to the
— — —
first camera is (R, t ), t is a vector, n is the unit normal vector of the plane 7r in the

coordinate system of the first camera, and 4 is the distance from the coordinate origin to
the plane 77 (7). P, p and p’ are three corresponding points in different planes. Through
the parameters above, we can gain the homography matrix in (12). Once the basic matrix
and homography matrix are obtained, we can use these two matrices to the following
triangulation calculation, which is a very important step of the SfM.

— T
H:K’<R+t xﬁd> (12)

KI

R,t

Figure 6. The parameter in the homography matrix.

In the pre-processing stage, we could see a certain problem that the same background
feature points could be observed in every image with the same background; instead,
the feature points of the reconstructed object showed less matching compared to the
background. We used OpenMVG as an example and the SfM algorithm provided by
OpenMVG for reconstruction, which has the following approximate steps (Figure 7).

Input: Camera's Internal Parameters,
Feature Points and the results

of Geometric Calibration

Constructing Connected Graph (Co-View)

4

Reconstructing the Initial Point Cloud from Two Views

A 4

Add Views to the System to Enable Multi-View
Reconstruction

4

Output: 3D point cloud and Camere
Poses

Figure 7. The steps of the SfM provided by OpenMVG for 3D reconstruction.
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In the step of ‘Reconstructing the Initial Point Cloud from Two Views’ (see Figure 7),
we needed to select an edge from the connected graph obtained from the previous step.
In this step, the relationship between the edges should be satisfied that when all points
correspond to point triangulation, the median angle between the camera and the ray on
the 2D image cannot be greater than 60°, but not less than 3°. For a dataset with a large
number of feature points that come from the background, the ray pinch angle is basically
constant, which is the reason why no feature points meet the requirement. In the 2D image,
it looks like there is a certain angle (see Figure 8) between these two pairs of points, but the
corresponding 3D points of these two pairs are completely unchanged after triangulation
and do not satisfy the case where the median of the ray angle is greater than 3° when the
corresponding points are triangulated, so such pairs of points will not be selected. All of
the features extracted from the dataset and their matches are shown in Figures 9 and 10.
Although there were indeed a large number of matches in Figure 9, most of them were not
useful at all because they came from the background.

Matching Features in Two Images

feature in image 1

feature in imaqe 2

Figure 8. The angle of the ray at the triangulation point.

Figure 9. The features extracted from the image.
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Figure 10. The useless matches between two images.

The dataset of the Composite result after segmentation was input (Figure 2). It is easy
to extract feature points from such a dataset; for the SIFT feature extractor, a large amount
of the same black RGB information in the background cannot be extracted as features, so
most of the feature points will come from the object that needs to be reconstructed and a
sparse point cloud will be gained step-by-step (Figure 11).

OUTPUT
IUT - -
Initial Pair Cloud and Poses
Dataset with Segmentation - -
Colorized Robust

Figure 11. The sparse point cloud obtained from the SfM.

3.3. Densifying the Sparse Point Cloud by MVS

After obtaining the sparse point cloud and camera poses in the previous step, for
a better observation, these results were used as the input to MVS to densify the sparse
point cloud. For all of the sparse point clouds in this paper, OpenMVS [16] was used to
finish that task except for VisualSfM. Note that OpenMVS does not support VisualStM
anymore since 2 years ago, so we were only able to use CMVS-PMVS [18,19] to densify
the sparse point cloud, but there will not be too much difference. The inputs to the whole
MVS system are the image dataset and the camera poses, which need to be processed with
domain frame selection [38] as well as the global best domain frame selection [39] in the
initial stage of data preparation. In the DensifyPointCloud step, the semi-global matching
(SGM) [40] is used to compute the depth of the image and input the computed depth map
into MVS to obtain the dense point cloud, which is more complete and tighter than the
sparse point cloud.

In this way, the sparse point cloud is made more tighter and easy to observe, which
means that we have an intuitive way to compare the results obtained by different methods.
The output can be clearly seen in Figure 12 and the difference between the sparse point
cloud and dense point cloud can be well observed in Figure 13.
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Densifying the Sparse Point Cloud

INPUT OUTPUT

Cloud and Poses

Figure 12. The output of densifying the sparse point cloud by MVS.

Comparison
INPUT OUTPUT

Figure 13. The comparison between the sparse and dense point cloud.

4. Experiment Materials and Evaluation Indices

For the experimental part, the dataset organization is shown in Figure 14, and more
details will be introduced as follows. A single image was selected to see the details, and
for better observation, some of the total were chosen to show the continuous images in the
dataset. Four representative experiments were selected in this paper. These experiments
were all conducted in a well-lit environment, and the resolution and frame rate of the
three videos were all 4 k/60 Hz. Thirty frames of each of these three videos were used
as the three groups of the dataset that were input to Colmap, VisualSfM, and OpenMVG.
Since we wanted to place more emphasis on the influence of the background, a single
typical car model was chosen to test our algorithm. Our final purpose was to gain a very
accurate object without any residue of the background since merchants may not know how
to eliminate the residual 3D points in the point cloud. All of the experiments focused on
the influence of the background.



Mathematics 2022, 10, 2892

11 of 20

Experiment 1 [ Experiment 2 |Experiment 3 | Experiment 4

Single

Some of
the total

Figure 14. The dataset organization.

The first experiment was to verify the performance of the traditional reconstruction
method by putting the object on the turntable and recording a video using a camera to
shoot around the targeted object. The targeted object of the video was a car model, and
there were a large number of feature points on the object that could be provided to the
algorithm for computation. The left side of Figure 15 shows one of the images in the object’s
image dataset obtained from the video, and the right side shows a general overview of the
30 image dataset of the object.

Single Image

The Image Dataset of Experiment 1%

Figure 15. The image dataset used in experiment 1.

The second experiment was to investigate whether the traditional algorithm could
use the dataset of a self-rotating object for 3D reconstruction. The object of the video was
the same car model, and we put the car on a motorized turntable and fixed the camera on
a camera mount. In this experiment, the background was complicated. The left side of
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Figure 16 shows one of the images in the object’s image dataset obtained from the video,
and the right side shows a whole look of the 30 image dataset.

Whole Looking
Single Image

The Image Dataset of Experiment 2™

Figure 16. The image dataset used in experiment 2.

Next, to eliminate the impact of the background, we tried to artificially remove the
background of the dataset, making it as simple as possible. Therefore, we proceeded with
the third experiment. A smooth and white background was chosen to obtain the dataset.
The same as in the above figures, on the left side of Figure 17 is one of the images of the
object’s image dataset from the video, and on the right side is an overview of the 37 image
dataset of the object.

Whole Looking

Single Image

The Image Dataset of Experiment 3™

Figure 17. The image dataset used in experiment 3.
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The fourth experiment was to explore the performance and accuracy of the Matting-
SfM algorithm. The background of the second dataset was replaced with a black back-
ground without feature points, which means that the original background eliminated the
background totally. Figure 18 shows the intermediate products of the Matting-SfM, that is,
the dataset after segmentation.

Whole Looking
Single Image

The Image Dataset of Experiment 4"

Figure 18. The image dataset used in experiment 4.

When it came to the evaluation, we choose three methods: hist similarity; peak signal
to noise ratio (PSNR); and the structural similarity index (SS5IM). All of these were used to
evaluate the similarity between the original image and the models.

For the hist similarity, the histogram data of the source image and the image to be
filtered were collected, and the collected image histograms were normalized, then we
directly performed a correlation comparison provided by OpenCV.

For the PSNR, given a clean image I and noisy image K of size m * n, the formulas
used were:

1 m—1n-1 )
MSE = — [1(i, j) = K(i, )] (13)
mn ;= ];J
2
PNSR = 10 x log;, (%) (14)

where the MSE is the mean square error; MAX;? refers to the maximum possible pixel value
for the images.

For SSIM, given two images X and Y, the formulas are as follows. The L(X,Y), C(X,Y)
and S(X,Y) refer to the luminance, contrast, and structure of two images, respectively:

2 C

L(X,Y) = uuxu# (15)
x2 +uy2 +C
2

C(X,Y) = UWLQ (16)
2 +0y2 + C

C
S(X,Y) = Tt o (17)

oxoy +Cs
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where uy, uy represent the mean of image X and Y; ox and oy represent the standard devia-
tion of image X and Y; ox, and oy, represent the variance of image X and Y; oxy represents
the covariance of image X and Y; C;, C,, and C; are constants to avoid the denomina-
tor being 0 and maintain stability. Usually C; = (K; *L)*2, C; = (K *L)2, C3 =Cy/2, and
generally K; = 0.01, K; = 0.03, L = 255.

Finally SSIM can be expressed as:

SSIM(X,Y) = L(X,Y) *C(X,Y) x S(X,Y) (18)

5. Results

For all of the experiments, the SfM system was set to a high quality mode to ensure
that all of the SfM systems were run in the same way, but in some cases, the high quality
mode still did not go well.

The first experiment was to explore the performance of the traditional SfM algorithm.
The experiment results proved that the traditional SfM algorithm worked well when the
camera recorded around the object (the object was kept still and the background changed,
see Figure 12). In the first experiment, the models were indeed obtained, but the background
influenced the accuracy (see the blue edges around the model in Figure 19) of the model,
making it look coarse and rough. Furthermore, the shaking of the video will also have an
impact on the result, so we must make a lot of effort to stabilize the camera in our hands.

VisualSFM OpenMVG

sparse|. -

Dense

Figure 19. The results of experiment 1.

In order to solve the problem raised in experiment 1, we proceeded with experiment
2. The recording method of fixing the camera position and making the targeted object
rotate was used. This way avoided the bad impact of human factors on the reconstruction.
However, for this dataset, we could not obtain any results at all, and all of the methods
failed when reconstructing the second dataset (Figure 20).

It is deduced that this phenomenon was due to the unchanged background, so next,
the third dataset was used for testing. Although we tried to simplify the background, the
background still had a certain impact on the accuracy of the result (Figure 21). In this case,
the results were obtained but they were still not satisfactory, so the influence of background
still existed. Moreover, a result could not be gained even in the high quality mode for
OpenMVG, as we only obtained a defective result from it.
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Colmap VisualSFM OpenMVG
sparse FAILED FAILED FAILED
Dense FAILED FAILED FAILED

Figure 20. The results of experiment 2.

Colmap

VisualSFM

OpenMVG

sparse| ..

2.
[t

Dense

Figure 21. The results of experiment 3.

After several experiments, it was obvious that the effect of the background of the
datasets was always bad for the traditional SfM algorithm, so we introduced our method
of Matting-SfM. In experiment 4, Matting-SfM was used to process the second dataset by
simply providing a background image (Figure 2) and totally eliminated the background

(Figure 22).

Figure 22. The dataset after segmentation.
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The second dataset was put directly into our Matting-SfM algorithm, and after pro-
cessing, it produced an intermedia dataset (Figure 22). In this experiment, we removed
the effect caused by the background. Finally, we performed the whole procedure of 3D
reconstruction, where it can be seen that a 3D model with high accuracy and detailed
texture was reconstructed (Figure 23).

~ FAB : . o A > -
ﬁims 5/
e Y == e

p ==

T
X

Figure 23. The final reconstruction of Matting-SfM after segmentation.

For all of the datasets above-mentioned, except for the first one, we used the same
method to process the dataset, and finally, the comparisons are listed in Table 1. Note that
Table 1 only includes the third dataset because Colmap, VisualSfM, and OpenMVG did not
obtain any results from the second dataset; since Matting-SfM is an algorithm that focuses
on the self-rotating object, the first dataset was not included.

Table 1. A comparison of all of the datasets using the mathematical method.

Methods Hist Similarity (%) PNSR SSIM
Colmap 99.85% 10.95 0.25
VisualSfM 99.80% 10.79 0.21
OpenMVG 99.50% 9.55 0.14
Matting-SftM 99.90% 11.51 0.26

The experiments used three methods to evaluate the results, all of which were used to
evaluate the similarity between the original image and the models. To ensure the accuracy
of the results, all models were set to the same direction and the screenshot was compared
to the original image. We compared all of the same angles with the datasets and calculated
the mean values of the three methods. For the parameters above, the higher the parameters,
the more similar the model to the original image.
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What should be emphasized is that the parameters are only a digital way to evaluate
the results, and the mathematical method is not always the best way to distinguish the
differences between images as they may produce some misunderstandings and the models
actually look more different than the display of numbers. Therefore, we have to use a
visible way to evaluate the results, as shown in Figure 24. Through the mathematical
methods and visible ways, we can clearly distinguish the results of four approaches, where
Matting-SfM obtained more accurate results than the others.

Colmap | VisualSFM | OpenMVG [Matting-SFM

sparse 2| FAILED FAILED FAILED

dense 2| FAILED FAILED FAILED

d| %
sparse 3 | -

rd
dense 3

result Reduntant | Reduntant | Defective Accurate

Figure 24. A comparison of all of the datasets using the visible method.

In addition, the performance of Matting-SfM was tested on other objects (Figure 25).
Three objects were selected, the first one being a money jar, the second one being a dog doll,
and the last was a very small accessory. Note that the background of the three datasets
was chosen to be as complex as possible. It can be seen that the first two objects were
reconstructed well through Matting-SfM, however, it did not work well on the conventional
SfM. Furthermore, due to the tiny size and the complex background of the last object,
the conventional SfM did not produce any results, while for Matting-5fM, the object was
indeed reconstructed, but the quality leaves some small room to be improved.

It can be concluded that Matting-SfM can work properly with fixed camera position
and self-rotating object and it can reconstruct a good result. Matting-SfM solves the
problem of not being able to reconstruct self-rotating objects with unchanging background.
Experiments have shown that our results are greatly improved after applying the Matting-
SfM algorithm. The result shows that the Matting-SfM algorithm is able to reconstruct the
object under rotation normally, which solves the problem that the traditional SfM algorithm
cannot reconstruct the object under a self-rotating state.
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Figure 25. More objects used to test the performance of Matting-SfM.

6. Conclusions

In this paper, we proposed a Matting-SfM algorithm to solve the problem of recon-
struction failure under the condition of a self-rotating object and maintain a high accuracy.
Since the SfM algorithm has certain requirements on the stability and lighting of the camera,
we selected an indoor environment. We fixed the camera using a camera support and
placed the object on a motorized turntable to make the object rotate for shooting. This
approach not only ensured the stability to achieve high precision reconstruction, but also
avoided the negative impact of artificial recording.

At present, we have embedded the algorithm in our system and have deployed it
on the server. By uploading the format of mp4 videos and the background image, the
algorithm in the server will eliminate the background using deep learning methods, then
output the video with the background in black after segmenting the object. The video is
processed by intercepting key frames and outputting them as an image dataset, and the
output dataset will be automatically reconstructed after the processing is completed. Finally,
the system downloads the results (GLTF Files and PNG Texture Image) to the computer, so
we can simply view the result through the website constructed by Web OpenGL.

Although this algorithm solves the problem that self-rotating objects with unchanging
background cannot be reconstructed, there is still no way to match the feature points well for
some objects with not enough feature points, or regions with highlights and weak textures
such as the back of the car in Figure 22. We can see that the depth information was wrong
when calculating, leading to a dent in the back of the model. For some excessively detailed
and skeletonized areas, a background that is very aligned with the original video needs
to be provided, otherwise it will output less accurate results. Sine we cared more about
accuracy than real-time, in the future, we will try to solve the problem of highlights and
weakly textured areas with a deep learning approach, replacing such areas with valid RGB
information from a deep learning method in a better way. In this way, feature extraction,
feature point matching, and texture mapping will not be affected badly. Furthermore, it
is a good way to improve feature extraction by replacing the CNN (convolutional neural
network) [41-45] with a traditional algorithm such as SIFT as it may perform better.
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