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Abstract
In this note we consider the problem of computing the 3D shape of an unknown, arbitrarily shaped scene from multiple color photographs taken at arbitrarily distributed viewpoints using a mobile device. The estimated camera
orientation and position in 3D space obtained from publicly available SLAM
libraries permits us to perform a 3D reconstruction of the observed objects.
We demonstrate that it is possible to achieve a good 3D reconstruction on a
mobile device. Most available applications are normally tethered to a computer and/or require expensive specialized hardware. We want to avoid this
need and build a freehand 3D scanner.

1

Introduction

3D scanners are growing in their popularity as many new applications and products
are becoming a commodity. These devices utilize many different technologies such
as structured light, time of flight and stereo to accurately reconstruct observed
surfaces and objects. Common traits among these devices is that they are relatively
expensive and require specialized hardware as well as demanding tethering to a wired
computing platform.
As a solution to these limitations our contribution is a simple approach matched
to mobile constraints that can perform 3D reconstruction at a sufficient level of
usability. Figures (1) and (4) illustrate the high level structure and use of the
proposed system.
Our scanner is based on the ability to detect the location and orientation of the
mobile device during the scanning process. This stage is crucial because otherwise
there would be no way to integrate the images viewed by the camera into a common
global coordinate system. We take advantage of the PointCloud SDK [1] which is
capable of tracking marker images and feature points (SLAM) from a live camera
feed.
We capture images from arbitrary positions with arbitrary orientations. Then we
utilize the ability PointCloud SDK provides to have a set of images with known
arbitrarily distributed viewpoints. At that point we can apply space carving as
described by Kutulakos et al.[2].
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Figure 1: Illustration of the scanning process with a mobile device.

2

Background extraction

The aim of this project is to provide a proof of concept of the ability of reconstructing
a 3D shape with a mobile device and no additional equipment thus we would not
deal with complex segmentation problems and we will assume a monochromatic
background with an object of different color in front of it. Following the claim
above we have decided to use simple threshold segmentation in HSV color space.
By using HSV color space we gain big advantage dealing with lightness problems by
using hue channel only. Figure (2) illustrates the results of this . It is harder though
to perform a good segmentation with gray levels because those differ in saturation
channel and might have different values for the hue channel for the same color.

3
3.1

Voxel projection
Obtaining projection matrices

Obtaining the correct camera orientation and position is a very interesting problem which we do not intend to solve for our current purposes. Thus we have used
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Figure 2: Results of segmentation process.
PointCloud SDK [1] a free available tool which is capable of tracking feature points
(SLAM) from a live camera feed. PointCloud SDK provides us with a robust tracking
of the scene and rotation-translation(RT ) matrices relative to some original position
and orientation at any time. In order to complete the construction of projection matrix we need the matrix of intrinsic parameters of the camera. Our implementation
was tested with iPhone 4s for which we used


456 0 240
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1
Finally we can construct our projection matrix by multiplying (1) by the RT matrix
acquired as described above.
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Projecting voxels onto the images
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Then we normalize the homogeneous vector
 0 

 x0  
x
 y 0  → yz00 = u
w
z0
z0

(4)

Finally we round u and w to get the projected coordinates in the image space.
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Carving the volume

Similarly to the process described by Kutulakos et al.[2] we implement a simple
straight forward approach in which we begin with a voxel volume containing the
scene and carve as much voxels as possible for each image. We will note a couple of
simple facts which will help us understand why the simple algorithm works.
• If a voxel is contained in the reconstructed shape(type I) than it will be projected to the object segment for each of the segmented images obtained in the
previous section.
• If a voxel is not contained in the reconstructed shape(type II) than it can be
projected to any segment for each of the segmented images obtained in the
previous section. We assume that camera positions are arbitrarily distributed
thus we assume that for every voxel of type II exists an image for which that
voxel is projected to the background segment.
Carving Algorithm
step 1: Initialize V to a volume containing the true scene
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step 2: For each voxel ν ∈ V :
step 2.1: Project ν onto every segmented image
step 2.2: If the projection is on the background segment then remove the voxel
One can see that the second note implies that all voxels of type II will be removed
on step 2.2 of the algorithm. According to the assumption mentioned in the second note for each voxel ν exists an image for which that voxel is projected to the
background segment thus that image will be found on step 2.1 and the ν will be
removed on step 2.2. Regarding voxels of type I, they cannot be removed at any step
of the algorithm because voxels are removed only at step 2.2 if and only if they are
projected to the background segment of any of the images but the first note implies
this cannot happen to voxels of type I. Following the arguments above we conclude
that after the implementation of the algorithm a voxel remains in V if and only if
it is of type I i.e. contained in the reconstructed shape.

5

Surface extraction and colors

Once we have carved our volume we would like to extract the surface and color it
for graphical representation on the device’s screen. Therefore we utilize the well
known marching cubes algorithm similarly to the description of Lorensen et al.[3].
After we have obtained the surface in form of triangles we would like to assign
color to each of the vertices. In order to do so we decided to use a quiet simple solution which can be implemented on the mobile device within reasonable time limits.
Coloring Algorithm
step 1: For each image create a z-Buffer
step 2: Project each voxel ν ∈ V onto each of the images and add it to the z-Buffer
of each of them
step 3: For each voxel ν ∈ V assign its color to be the mean of all the color on all
the images it was projected on and it was the nearest voxel in the z-Buffer
i.e. only colors from images where ν is visible will be taken into consideration
The algorithm above provides us a reasonable solution to obtain fine coloring. Improved coloring taking into consideration the direction of the camera with respect to
the returned ray from the surfaces might be considered in further implementations.
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Results

As mentioned we tested our scanner using iPhone 4s. We used the camera matrix
described above (1). We have tested our implementation with various voxel volume
dimensions 643 , 1283 , 2563 . The carving process of the images displayed on figure (3)

Figure 3: Images captured for reconstruction.
took 2s, 23s, 156s respectively and about the same time for surface extraction and
coloring. As mentioned before we did not use GP U enhancement. We smoothed
the mesh using several iterations of Laplacian smoothing to achieve the final results
on figure (4) with 2563 volume. Then we decided to test our carving capability with

Figure 4: Reconstruction result.
non simply connected surface on figure (5). One can see on our reconstruction result
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on figure (6) that the hole was carved very accurately throw the clips’ volume.

Figure 5: Images captured for reconstruction.

Figure 6: Reconstruction result.
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Reconstruction quality measurement

For our final test for our scanner would be taking a well known object in our case
a sphere and make a simple test to retrieve the RMSE(Root Mean Square Error)
of the reconstruction. Since our reconstruction is scale independent we would like
SE
.
to compare the RMSE to the sphere radius. We would like to test the ratio RM
radius
The only question here would be what is the sphere radius in the reconstruction
coordinate system. Assuming the reconstructed vertices distance from their center
of mass is distributed symmetrically we can take the mean distance to be the radius.
We took the images displayed in figure (7) and got the reconstruction in figure (8).

Figure 7: Images captured for reconstruction.
We measured RM SE = 2.57 which means a mean error of 2.57 voxels. The radius
SE
= 0.0969 ratio i.e. the RM SE
of our ball was radius = 26.6 which gives us RM
radius
is roughly 9.5% of the radius. Also we note it was quite difficult to scan the lower
part of the ball which also causes perturbations that effect the RM SE significantly.
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Conclusions

We demonstrated our ability to transform a mobile device into a freehand 3D scanner. All algorithms were designed to make it as simple and as fast as possible in
order to get good results in reasonable time. Nevertheless the design allows straight
forward optimization such as GPU enhancement. For a more robust scanner improved methods for image segmentation and vertex coloring should be taken into
consideration. As mentioned before our aim was to provide a proof of concept of
surface extraction and 3D reconstruction of an unknown object. Such methods that
would allow scanning almost any object in front of almost any background might
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Figure 8: Reconstruction result.
provide a useful tool for further development of applications by other researchers
and practitioners.
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Remarks

The Source code for the scanner can be found on https://github.com/AlexFish89/iPhone3D-scanner and a short tutorial on https://youtu.be/zy40dpsmprg.

References
[1] 13th lab. Pointcloud sdk. http://developer.pointcloud.io/sdk, 2014.
[2] S.M. Kutulakos, K.N.and Seitz. A theory of shape by space carving. In Computer
Vision, 1999. The Proceedings of the Seventh IEEE International Conference on.
IEEE, 1999.
[3] W.E. Lorensen and H.E. Cline. Marching cubes: A high resolution 3d surface
construction algorithm. In Computer Graphics, Volume 21, 1987.

9

