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REAL-TIME DYNAMIC INDOOR SCENE
RECONSTRUCTION BASED ON MULTIPLE KINECT

ABSTRACT

Scene reconstruction is one of the underlying technologies in computer vision. It plays an
important role in the application of augment reality and robot control. However, restricted by the
technologies of hardware and software, real-time dynamic scene reconstruction has never been
implemented. This subject is to study how to implement real-time dynamic scene reconstruction
based on Kinect.

Multiple Kinect devices are used to capture a scene from different views at the same time.
Depth and RGB images obtained are combined to modelling the scene. The reconstruction process
mainly includes data preprocessing, vertex construction, point clouds registration and surface
reconstruction. The entire process are GPU implemented to speed up the calculating. Key
algorithms implemented in this subject includes Iterative Closest Point based on GPU, Octree
construction and searching based on GPU, surface reconstruction based on the signed distance
function.

Experimental results show that the algorithm efficiency reached TODO fps and models
reconstructed are relatively complete, with the resolution of about TODO mm.

the experimental results prove that, the reconstruction process implemented meet the
requirements of the real-time dynamic scene reconstruction and the precision of models
reconstructed meet the needs of non-exact calculation application. But the efficiency still need to
be improved. The outcomes of the subject showed it possible to reconstruct real-time dynamic
scene based on the Kinect and GPU parallel computing.

Key words: real-time dynamic scene reconstruction, GPU, computer vision
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REAL-TIME DYNAMIC INDOOR SCENE
RECONSTRUCTION BASED ON MULTIPLE KINECT

Scene reconstruction is one of the underlying technologies in computer vision. The real-time
dynamic scene reconstruction plays an important role in the application of augment reality and
robot control. For example, we can apply this technology to our office to make it digitalized. Thus
all natural interaction in the scene can be handled by computer. Also the office scene reconstructed
can be combined with a remote scene to implement a local-like telecommunication. However,
restricted by the technologies of hardware and software, real-time dynamic scene reconstruction
has never been implemented. With Kinect published, restriction on hardware has been solved. This
subject is to study how to implement the real-time dynamic scene reconstruction based on Kinect.

The hardware system is simple. Multiple Kinect devices are fastened around the scene to
capture the scene from different views at the same time. Fixed Kinect devices can make
reconstruction simple and robust. After the system is deployed, all kinect devices need to be
calibrated using chessboard. The calibration contains intrinsic parameter calibration and extrinsic
parameter calibration. This process need to be done only once.

The reconstruction method follows a regular framework. Firstly, depth and RGB images are
obtained from Kinect. Secondly, image preprocessing is applied on the depth and RGB images to
reduce noise. Then, each pair of depth and RGB image is used to generate point cloud in 3D space.
After that, registration between point clouds is done to optimize the extrinsic parameters of Kinect
devices and minimize the transform error between point clouds. The last step is extracting surface
from point clouds. To gain a real-time performance, all processes a designed and implemented
according to the GPU architecture, that is, designed to be highly parallel.

Key algorithms implemented in this subject includes image denoising in image preprocessing
process, projection-based nearest neighbor search and CPU-GPU combined transform estimation
in registration process, GPU based octree construction and GPU based Marching Cubes in surface
extraction process.

The denoising method for depth image is a variation of Gauss filter. Unlike ordinary images,
the borders of depth images represent the boundary of different objects in the scene. So keeping
borders clear in denoising is important. The main idea is to mask the neighbors of a pixel
according to the difference between two adjacent pixels. If the difference is larger than the
specified threshold, it should be seen as a border. The neighborhood of a pixel should not across
the border, thus only neighbors on the same face with the pixel will contribute to the pixel.

The projection-based nearest neighbor search is the first step of Iterative Closest Point
algorithm.Its essence is brute force search. Implemented on GPU, brute force search has alomost
the same performance as a well designed search algorithm implemented on CPU, such as KD-tree.
The main idea of the projection-based nearest neighor search is to restrict the search area to a
small region. Note that if two points are near in 3D space, their projected points in 2D plane are
also near. So if a source point is projected onto target image plane, its nearest neighbor in target
point cloud can be found in a small rectangle area whose center is the projected source point on
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the target plane. This restriction can make a brute force search more efficient on GPU.

The transform estimation is the second step of Iterative Closest Point algorithm. It needs
simple computing on large scales of data as well as complex computing on small data such as a
four dimension matrix. The latter has low degree of parallelism and will be slow if run on GPU.
So to gain the highest performance, CPU and GPU should divide the work. Tasks such as
computing mass centers of points should be done on GPU because it can be run highly parallel,
while other tasks such as computing the eigen values and eigen vectors of a 4>4 matrix should be
done on CPU to make use of its high speed.

The octree structure is used to divide the space, organize the point cloud and solve the
discrete solution of signed distance function in the surface extraction process. Unlike the
traditional construction method, the GPU-based construction of octree should be designed as a
highly parallel algorithm. The construction of nodes goes down-to-up and is in parallel for each
level. A key is assigned for each node, which is the path from root to it. Because the paths of

siblings are only different in the last level, it’s easy to construct higher level nodes from the lower
ones. Another optimization is the use of a look up table when connect links between neighbors.
While the traditional neighbor search need to trace back several levels, the search using the look
up table only need to visit the parent or the parent’s neighbors. The look up table contains the
parent’s neighbor which contains the neighbor and the index of the neighbor in its parent. Vertices
and edges of the nodes in lowest level are also constructed for later processes.

The signed distance function model is used in the surface extraction process. The signed
distance is defined as the projected distance of a point in space to a point on the surface onto the
normal of the point on the surface. Thus the value of the signed distance function at a point is
calculated as the average of signed distances of the point to near points on the surface. Because the
values of signed distance function at points on surface are all zero, the zero-set of the function can
be presented as the surface extracted. The discretization is done by calculating the value of signed
distance function at every vertex of octree nodes in lowest level. Vertices on the surface are
generated by doing a linear interpolation between two vertices of an edge.

Marching Cubes method is used in the last step of surface extraction, which is to generate
triangles between vertices on the surface. As described above, each vertex has a signed value,
positive if outside the model and negative if inside it. Thus there are 256 different node types
according to the sign of values of nodes’ vertices. Nodes with the same type generate the same
topology between the model vertices on its edges. A table is used to record all types and all nodes
in lowest level are processed in parallel to generate triangles by looking up the table. The table is
constructed automatically by applying a method called positive areas expanding. The idea of
positive areas expanding is to set positive areas at every positive corners firstly and expand the
positive areas as much as possible. Problems in doing Marching Cubes on octree is that triangles
in empty area cannot be generated because the absent of nodes. This problem is solved by
generating fake nodes in those area and then doing Marching Cubes on the fake nodes.

The scene reconstruction is implemented in C++ and using DirectX’s compute shader to
implement the algorithms on GPU. Experiments are done on a laptop with Intel® Core™
i7-2570QM, 8.00 GB memory and AMD Radeon™ HD 6770M. Experiments include
reconstruction of a statue and reconstruction of an office scene. The statue reconstructed is fine
but the office scene reconstructed is undesirable. When the distance of objects is larger than 1.0 m,
the models reconstructed have too many holes. The interference between Kinects is also found in
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experiments. A reconstruction process needs about 300ms, which led to the performance of 3 fps.

The experimental results prove that, the reconstruction process implemented meet the
requirements of the real-time dynamic scene reconstruction. But the result and the efficiency still
need to be improved. Low memory usage in constructing octree is a bottleneck, which currently
restricts the RGB and depth images captured by Kinect to 320>240. The outcomes of the subject

showed it possible to reconstruct real-time dynamic scene based on the Kinect and GPU parallel
computing.




