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ABSTRACT
Point cloud is a set of (x, y, z) coordinates of the points of an object or a scene captured using a depth
camera. Color information may also contain per each point. Microsoft Kinect is a low cost depth sensor,
which is capable of capturing color information as RGB, and depth information, which together called
RGB-D information in the literature. We captured the RGB-D information of objects from different
camera positions and viewing directions using multiple Microsoft Kinect version 2 sensors. Point clouds
are then generated using the RGB-D information. We present the procedure of aligning these different
point clouds using Iterative Point Cloud (ICP) algorithm. Detailed information and comparison of the
performance of ICP is presented with several objects.
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Table 1: Comparison of depth sensors
Senz3D Kinect v1 Kinect
[4]
[5]
v2 [5]

Leap
Motion [6]

RGB

3D entertainments are getting famous in the
world since the last several years. Most of the
recent movies released in 3D as well. Many
world renowned TV manufacturers like
Samsung, Sony, LG, now have multi view 3D
TVs. 3D content creation for these 3D capable
devices is another field of research. Mostly depth
sensing methods in parallel with color sensing is
used in such 3D content creation. Several
consumer level 3D capturing devices are now
widely used by the researches and application
developers. Microsoft Kinect v1 and v2, Creative
Senz3D, Leap Motion are several famous such
depth sensors. Specifications of these devices are
given in Table 1 (figures are not in scale).
Sens3D, Kinect v1, and v2, provide both color
and depth image, which is mostly referred as
RGB-D image or stream. In the other side, leap
motion provides only a thin wedge shaped depth
map. Another noticeable difference between
Kinect v1 and v2 is, v1 is capable of vertical
camera rotation of ±27° with a motor control,
while v2 does not have that capability. Leap
Motion from Leap Motion Incorporated is
designed for simulation of a computer input
device, such as, mouse and keyboard. With the
availability of the v2 sensor Microsoft phased out
the sale of the original Kinect for Windows
sensor in 2015 [1]. Microsoft Kinect v2 sensor
can be currently purchased for about 149.98 USD
[2]. All the sensors given in the Table 1 are near
range sensors. Velodyne LiDAR (Light Detection
and Ranging) introduces several middle range

depth scanners as shown Figure 1 and as
compared in Table 2 . All these sensors can range
around 100 m and specially capable of scanning
360° horizontal. Their smallest sensor VLP-16 is
only 830 grams in weight and can be purchased
for 7,999.00 USD [3].
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Figure 1: Comparison of Velodyne LiDAR products
(images are not in scale) [3]
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[3]

Channels
Range (m)
Points/second
(million)
Horizontal
FOV (°)
Vertical FOV
(°)
Angular
resolution
(azimuth) (°)
Accuracy
(cm)
Vertical
Resolution (°)
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-

-
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-
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-
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METHODOLOGY

2.1. Point Cloud

We generate point clouds using the RGB-D
information from Microsoft Kinect v2. RGB-D
stands for RGB information provided with depth
information for each point. Algorithm 1 shows
the points clouds generation process based on
Kinect input information. Depth information
provided by Kinect depth camera is used for the
generation of the point clouds. We can clearly see
the size differences of the color and depth images
of the Kinect in Figure 3. As the resolutions of
the color and depth images are different,
Microsoft Kinect SDK provides functionalities to
project each image to other image’s space. As an
example we first project the depth map in to the
3D or the camera space to get the real world 3d
coordinates of each point, and then the color
image is projected to the depth image space to
get the relevant color information. Figure 4
shows an example point cloud generated.
Algorithm 1: Point clouds generation from Kinect

Point cloud is a set of 3d (x, y, z) coordinates of
an object. As we use colored point clouds here,
we need to represent color of each point as well.
Hence, a point is represented as a vector with 6
elements, 3 for x, y, z coordinates and 3 for RGB
color. There are several ways of representing
point clouds. One famous file format is PLY
format. Figure 1 shows a part of a PLY file. First
few lines are the header, which explains the
format representation of the PLY file. Third line
shows the number of points represented in this
point cloud file. Then the representation of a
point is explained. In our case, we set the value
of alpha component to 0 for every point, as we do
not use that value.

Figure 2: A part of an example PLY file

Figure 3: Example color and depth image of the
Kinect v2

International Research Symposium on Engineering Advancements 2016 (IRSEA 2016)
SAITM, Malabe, Sri Lanka

- 119 minimizes the following L2 error E:
M

M

i 1

i 1

E R, t    ei R, t 2   Rx i  t  y j*

2

,

(02)

where ei(R, t) is the per-point residual error for
xi. The point yj* ∈ Y is denoted as the optimal
correspondence of xi, which in the context of ICP
is the closest point to the transformed xi in Y, i.e.
j*  arg min Rx i  t  y j .
j1,...,N 

Figure 4: An example point cloud

2.2. ICP
To merge two point clouds of the same object,
registration is necessary. ICP (Iterative Closest
Point) algorithm is used to register two point
clouds into the same coordinate system. ICP
finds a transformation matrix for the source cloud
to transform to target cloud minimizing the error
in similar point pairs. One incremental
transformation matrix (Tinc) [7] corresponding to
an iteration can be expressed as,
é 1
a -g
ê
ê
Tinc = [ r | t ] = -a 1 b
ê
êë g -b 1

t x ùú
t y ú,
ú
t z úû

(01)

where, r and t = ([tx, ty, tz]T) presents the rotation
and translation matrices. tx, ty and tz stands for the
rotations along each axis. α, β and γ represents
yaw, pitch, and roll angles respectively. ICP takes
two point clouds as input and output the
integrated transformation matrix for the
registration. Since the Euclidean Distance
calculates the difference of two point clouds, the
first step is to find the point-to-point
correspondences of these two point clouds.
Inevitably there may be outliers, some points that
cannot find correspondences from the other point
clouds and are discarded. According to [8], there
are
several
strategies
to
calculate
correspondences between two point clouds as,
closet points, normal shooting, and projection.

Given initial transformation R and t, the ICP
algorithm iteratively solves the above
minimization via alternating between estimating
the transformation in Eq. (01), and finding the
closest-point matches by Eq. (02). Due to such
iterative nature, ICP can only guarantee the
convergence to a local minimum.
3.

RESULTS

Original ICP algorithm is modified to include the
color information as well in our method. Only the
distances to find the corresponding points are
used in the original ICP algorithm. But in the our
modified ICP algorithm, we consider a pair as a
corresponding pair, if the color difference (for
each RGB) is less than 20 and the distance is less
than a threshold of 0.001. This provides better
results as it considers color information as well in
finding pairs. As there are many points in the
point cloud, we merge or remove some pairs
during the alignment based on the intra-pair
distance. First, the distance between the points in
each pair each calculated (intra-pair distance, d).
Figure 5 shows and example histogram of intrapair distance. For this example, mean value of the
intra-pair distance of all the pairs is dm =
0.0030345. If the d > dm, the pair is removed, and
if d ≤ dm the pair is merged.

The standard ICP algorithm solves an L2-error
minimization problem, defined as follows [9].
Let two 3D point sets X = {xi}, i = 1, ..., M and Y
= {yj}, j = 1, ..., N, where xi, yj ∈ ℝ3 are point
coordinates, be the data point set and model point
set respectively. The aim is to estimate a rigid
motion with rotation R and translation t, which

(03)

Figure 5: Intra-pair distance histogram
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planned on noise removal of the point clouds and
further improving the alignment.
5.

Figure 6: An example ICP alignment of two views
captured with Kinect v2 (Left column shows static
colors and right column shows the original colors.
Source (green), target (yellow), Red: duplicates in
source (removed), Blue: duplicates in target
(removed), Magenta: merged duplicates).

Figure 6 shows an example alignment series of
different point clouds. Alignment of point clouds
captured from Kinect 1 and 2 are shown. In the
left column point clouds are shown in static
colors to differentiate the points of each cloud.
Source cloud is in green and target cloud is in
yellow. In ICP we iteratively move the source
cloud to align with the target. Red colored points
shown are corresponding point of the duplicate
pairs in source that comply the condition d > dm
and are removed during the alignment. Blue
colored points are the corresponding point in the
target and also removed. Pairs that satisfy the
condition d ≤ dm are shown in magenta and are
merged during the alignment. Right column
shows the resultant point cloud with original
colors.
As explained during the duplicate removal ICP
alignment process number of points in the
aligned point clouds reduces. There were 3,543
and 3,353 points in the point clouds of Kinect 1
and 2 respectively. So there are 6,896 points in
the aligned and merged point cloud if we do not
remove the duplicates. But after duplicate
processing there are only 6,555 points.
4.

CONCLUSION

Point clouds that represent the x, y, and z
coordinates of the captured objects are created
using multiple RGB-D sensors Microsoft Kinect
v2. These multiple point clouds taken at different
viewpoints and directions of the same object are
then aligned using ICP algorithm. Color
difference and the distance threshold are used to
find the corresponding points of two point
clouds. Mean of the intra-pair distance value is
used to merge or remove the correspondences in
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