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Abstract—Recent development in depth sensing provide various opportunities for the development of new methods for
Human Robot Interaction (HRI). Collaborative robots (co-bots)
are redeﬁning HRI across the manufacturing industry. However,
little work has been done yet in the ﬁeld of HRI with Kinect
sensor in this industry. In this paper, we will present a HRI study
using nearest–point approach with Microsoft Kinect v2 sensor’s
depth image (RGB–D). The approach is based on the Euclidean
distance which has robust properties against different environments. The study aims to improve the motion performance of
Universal Robot–5 (UR5) and interaction efﬁciency during the
possible collaboration using the Robot Operating System (ROS)
framework and its tools. After the depth data from the Kinect
sensor has been processed, the nearest points differences are
transmitted to the robot via ROS.
Index Terms—Human–robot interaction, human–robot collaboration, collaborative robots, trajectory planning, Microsoft
Kinect v2, ROS

I. I NTRODUCTION
In today’s digital age, modern industries are expanding day
by day and running with continuous production cycles. In addition to the expansion, robots have begun to appear in almost
every task. An inevitable consequence of the frequent use of
robots is that there will be more Human Robot Interaction
(HRI) in future. Human, robot and system categories should
be considered ﬁrst to understand HRI clearly. Taxonomy of
HRI metrics were presented in [1] which identiﬁed 42 distinct
metrics with 9 branches totally. Summarized results can be
seen in Fig. 1. In this study, interaction efﬁciency and safety
issues are examined. Starting from the consideration of these
metrics, smooth robot movement is considered more trustworthy than jerky movements. Besides that, if the movements are
not recognized or planned movements, therefore the safety is
in endangered and comfort in collaboration will be lower [2],
[3].
On the other hand, intelligent machines and robots are
expected to provide business-level services in the near future
by collaborating autonomously in teams with humans as a
critical part of a multi-company business process [4], [5].
Traditionally, fences prevent the operators from moving into
robot’s working area. The footprint of the safety protecting robot cells is large, and static safety measures prevent
reconﬁguration of the cells thus reducing the efﬁciency of
work especially small batch size production. Due to economic

Fig. 1: Taxonomy of HRI Metrics based on [1].
reasons there is a need to decrease the factory footprint, allow
existence of shared workplaces and maintain, and reconﬁgure
the production environment while production is running.
Seamless and safe collaboration will require from the robot
system transparency of operations, observation ability and
intelligence. The robot system will observe and recognize
the operator and his/her movements, thus providing accurate
positioning and orientation of his/her physical form. With
artiﬁcial intelligence, the intention can be extracted from the
data and system can interfere (audio or visual feedback) in case
the operator is not doing the tasks assigned to him at given
point in time. In order to match the time frames of the robot
and latencies originating from different sources, empirical part
of this paper is explained.
II. R ELATED W ORK
After the Kinect was launched in 2010, a great deal of
research has been done until now. Signiﬁcant number of
researches is related to the gesture recognition and hand
tracking application.
First of all, methods will be explained brieﬂy; see [6] for
more complete review. As one can see in [7], it proposes a
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method for tracking ﬁngertips and palm center using depth
data from Kinect. A big circle ﬁlter is applied for detecting
palm center and following that ﬁngertip detection is achieved.
On the other hand, in [8] a different method is presented
called Finger–Earth Mover’s Distance (FEMD). It uses both
color and depth data provided by Kinect to enhance robustness
and efﬁciency. In addition to these, [9] uses K–means clustering for hand detection, eight point neighborhood for ﬁnger
identiﬁcation to recognize the gestures. A novel technique
proposed by [10] which based on action graphs and its steps
are segmentation of Kinect depth data, tracking, ﬁltering,
normalization and feature extraction to achieve the recognized
gestures.
Apart from these methods, there are considerable amount
of researches using both Kinect and robots. [11] worked on
real time hand guiding of Universal Robot-5 (UR5). Kinect
data were used to generate hand position and a smartphone
was used for hand orientation. Both data are being sent to
UR5 via a client. Robot navigation with the capabilities of
the ROS and Kinect that relies on the fuzzy logic approach
can be seen in [12]. Moreover, visual guidance systems are
examined in [13], [14], [15] as good examples of the power
of ROS and Kinect. Collision avoidance can be shown as a
reﬂection of industry application in [16] and [17]. Both of
them are using predictive methods to estimate collision–free
UR5 robot trajectory.
In this particular HRI study, authors showed an efﬁcient HRI
with the planned trajectory based on nearest–point approach
by using UR5, Microsoft Kinect and the power of ROS and
its tools.
III. S YSTEM E NVIRONMENT
A. Universal Robot 5 (UR5)
It is important that the robotic system should be reliable due
to safety. The ISO speciﬁcation is named ISO/TS 15066 [18]
and is a supplement to ISO 10218 [19] “Safety Requirements
for Industrial Robots” standards. ISO/TS 15066 describes the
different collaborative concepts and details the requirements to
achieve. It also presents a research study on pain thresholds,
robot speed, pressure and impact for speciﬁc body parts.
The Universal Robots’ patented safety system features eight
adjustable safety functions such as joint positions and speeds,
Tool Center Point (TCP) positions, orientation, speed and
force, momentum and power of the robot [20]. For these
reasons, the six Degree of Freedom (DOF) UR5 from Universal Robots has been chosen to use in this study. The sketch
of the coordinate frames according to the Modiﬁed DenavitHartenberg (MDH) convention is shown in Fig. 2. The robot
is lightweight (18kg), its workspace and payload are 850mm
and 5kg respectively.
B. Microsoft Kinect v2
Kinect is an RGB–D sensor that provides synchronized
color and depth images. With its wide availability and lower
cost than other traditional 3 Dimension (3D) cameras such as
stereo cameras and Time-of-Flight (ToF) cameras [22], many

Fig. 2: Left of the ﬁgure shows sketch of the UR5 manipulator’s coordinate frames according to the MDH convention and
right shows the MDH parameters adapted from [21].

researchers in computer science and robotics are leveraging
the sensing technology to develop new ways in terms of
interaction with machines [23], [24]. Kinect V2 has an RGB
camera, infrared (IR) camera, IR emitter and multi-array
microphone. In addition, right–handed coordinate system is
also shown in Fig. 3.

Fig. 3: Microsoft Kinect v2 right–handed coordinate system
and its components.

C. Robot Operating System (ROS)
The Robot Operating System (ROS) is a set of software
libraries and tools that help one build robot applications. From
drivers to state–of–the–art algorithms, ROS has capabilities for
different tasks with the power of peer–to–peer communication.
And it’s all open source [25], [26]. In this project, Kinetic
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Kame version of ROS is used with Ubuntu 16.04 Long Term
Support (LTS) installed computer.
D. Libraries and tools of system
In this particular research case following libraries and tools
are used.
libfreenect2 is an open source driver for Kinect v2 devices
created by the OpenKinect community. Its features are color
image processing, IR image and depth image processing,
registration of color and depth images [27], [28]. IAI Kinect2
is a collection of tools and libraries for a ROS Interface to the
Kinect v2 [29].
MoveIt! Motion Planner is state–of–the–art software for
mobile manipulation and it provides the latest advances in motion planning, manipulation, 3D perception, robot kinematics
and control. There are several planners such as Open Motion
Planning Library (OMPL), Stochastic Trajectory Optimization for Motion Planning (STOMP), Search-Based Planning
Library (SBPL) and Covariant Hamiltonian Optimization for
Motion Planning (CHOMP). More details can be found in
[30]. It also provides an easy–to–use platform for developing
advanced robotics applications, evaluating new robot designs
and building integrated robotics products for industrial, commercial, R&D and other domains [31]. Due to its strength and
simplicity, the MoveIt! motion planner is used in this project.
Its overall structure can be seen in Fig. 4.

geometric coordinates. When color information is present, the
point cloud becomes 4D [33]. Point clouds can be acquired
from hardware sensors such as stereo cameras, 3D scanners,
or Time-of-Flight (TOF) cameras [34]. PCL also supports the
3D interfaces, therefore, it can acquire and process data from
devices such as the PrimeSensor 3D cameras, the Microsoft
Kinect, or the Asus XTionPRO.
IV. M ETHODS
In this study, following methods and tools are used.
A. Data Acquisition
Data are acquired from Kinect using PCL, libfreenect2
and IAI Kinect2 tools. Data are points representation of our
environment. Thus, this point representation enables efﬁcient
algorithms and ﬁlters to be applied to our system.
B. Euclidean Distance
The Euclidean distance or Euclidean metric is the “ordinary” straight–line distance between two points in cartesian
space. With this distance, Euclidean space becomes a metric
space. The associated norm is called the Euclidean norm. A
generalized term for the Euclidean norm is the L2 norm or L2
distance. In general, for an n–dimensional space, the distance
can be generalized in Eq.(1). p and q represent two points in
cartesian space.

d(p, q) =

(p1 − q2 )2 + (p1 − q2 )2 + . . .
+ (pi − qi )2 + . . . + (pn − qn )2

(1)

Euclidean distance is used in the PCL point representation of
our environment. Points has X,Y and Z dimensions. In order to
calculate the Euclidean distance, Eigen tool is used for matrix
calculation [35].
C. Voxel Grid Filter
A voxel grid is as a set of tiny 3D boxes in space. Voxel
Grid (VG) ﬁlter aims to downsample the point cloud. In each
voxel (3D box), all the points downsampled with their centroid
[33]. C++ implementation is shown in Algorithm 1.
Fig. 4: MoveIt! Structure adapted from [30].
Gazebo Simulation Tool (GST) is a well-designed simulator
that makes it possible to test algorithms rapidly, design robots,
perform regression testing, and train Artiﬁcial Intelligence (AI)
system using realistic scenarios [32]. It also offers to simulate
populations of robots in indoor and outdoor environments
accurately and efﬁciently. It has a robust engine, high-quality
graphics and easy to use graphical interfaces.
Point Cloud Library (PCL): A point cloud is a data structure
used to represent a collection of multi-dimensional points. It
is commonly used to represent three-dimensional data. In a
3D point cloud, the points usually represent the X, Y, and Z

Algorithm 1 Voxel Grid Filter
1:
2:
3:
4:

pcl::VoxelGrid <pcl::PointXYZRGB>vg;
vg.setInputCloud (input cloud);
vg.setLeafSize(0.1f, 0.1f, 0.1f);
vg.ﬁlter (ﬁltered cloud);

D. Radius Outlier Removal Filter
Radius Outlier Removal (ROR) ﬁlter removes all indices
in its input cloud that do not have at least some number of
neighbors within a certain range [33]. C++ implementation also
be shown in Algorithm 2.

2018 14th IEEE/ASME International Conference on Mechatronic and Embedded Systems and Applications (MESA)

Algorithm 2 Radius Outlier Removal Filter
1:
2:
3:
4:
5:

pcl::RadiusOutlierRemoval <pcl::PointXYZRGB>ror;
ror.setInputCloud (input cloud);
ror.setRadiusSearch (0.5);
ror.setMinNeighborsInRadius (80);
ror.ﬁlter (ﬁltered cloud);

E. Statistical Outlier Removal
Statistical Outlier Removal (SOR) ﬁlter is based on the
computation of the distribution of point to neighbors distances
in the input cloud. For each point, the mean distance from all
its neighbors is being computed. By assuming that the resulted
distribution is Gaussian with a mean and a standard deviation,
all points whose mean distances are outside an interval deﬁned
by the global distances mean and standard deviation can be
considered as outliers and trimmed from the dataset [33].
Algorithm 3 represents C++ implementation of the ﬁlter.
Algorithm 3 Statistical Outlier Removal
1:
2:
3:
4:
5:

pcl::StatisticalOutlierRemoval <pcl::PointXYZRGB>sor;
sor.setInputCloud (input cloud);
sor.setMeanK (25);
sor.setStddevMulThresh (1.0);
sor.ﬁlter (ﬁltered cloud);

Fig. 5: Environment of system.

V. E XPERIMENTAL R ESULTS
A. Mapping
Cartesian coordinates need to be mapped as shown in Fig. 5.
According to the setting of our system, no change is made in
the X–axis. The Kinect’s Y–axis is mapped to the Z–axis of
UR5 and ﬁnally the Z–axis of Kinect is mapped inversely to
the Y–axis of UR5.
B. Pre-Processing of Point Cloud
The point cloud is processed using VG, ROR and SOR
ﬁlters. Performance of ﬁlters based on processing time can
be shown in Fig. 6. According to the results, although VG
has best execution time, it is not enough to use only it due to
the outliers. ROR or SOR ﬁlters have to be used to estimate
the nearest point accurately. Our system has got 200 thousand
points approximately. Fig. 6 also gave information about the
latency.
C. Results and Discussion
In order to test our system under difﬁcult conditions, a test
trajectory is created with the help of teach pendant of UR5
that is shown in Fig. 7. Kinect turned to the robot and the test
trajectory is run. Following that the depth data are saved during
the ﬁrst cycle of the trajectory. The robot is brought to the
starting position. This time, the system is run with the recorded
data and the movement of the robot is observed. The main idea
of the test is that how our algorithm follows the exact trajectory
accurately. Firstly, classical cartesian method which only uses

Fig. 6: Compare of three of ﬁlters such as Voxel Grid, Radius
Outlier Removal and Statistical Outlier Removal ﬁlters based
on execution time in second. And average execution time for
a million points can be seen, too.

position is tested. Next, time parameterization method which
uses position, velocity and acceleration is tested, too. The
difference between trajectories for cartesian method is shown
in Fig. 8 and for time parameterization is shown in Fig. 9.
Accuracy according to the cartesian method can be seen in
Tab. I and accuracy according to the time parameterization
can be seen in Tab. II.
In order to reduce pre–processing time, the number of points
are reduced. The system has 200 thousand points and only
ROR ﬁlter is applied to it. Pre-processing time is 1.75 seconds
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TABLE I: ACCURACY OF UR5 USING CARTESIAN
METHOD
Coordinates

Accuracy for Cartesian Method

X
Y
Z

85.79%
87.14%
79.63%

TABLE II: ACCURACY OF UR5 USING TIME PARAMETERIZATION METHOD
Coordinates

Accuracy for Time Parameterization Method

X
Y
Z

97.32%
93.34%
91.77%

now. As one can see in Fig. 6, VG ﬁlter is quite fast. The points
are downsampled to 55–60 thousand with VG ﬁlter and now
SOR ﬁlter is applied following that. The pre–processing time
is reduced to 0.14 seconds. As one can see, the VG ﬁlter has
had no effect on time.
Using these methods, faster response is received. Researchers who want to increase the HRI and trajectory efﬁciency can develop their systems by using the PCL library
and various ﬁlters as it is done in this paper.

Fig. 8: Cartesian method. Red straight line represents the
trajectory which robot should follow and blue dash line
represents the trajectory which robot actual follow.

VI. C ONCLUSION AND F UTURE W ORK
This thesis presented an analysis of possible error sources
originating from used technologies, algorithms and deployment methods. The identiﬁcation error sources and deploying
appropriate mitigation procedures are much needed in ensuring
safe and seamless human–robot collaboration. Especially, the
reduction of latency becomes critical if vision–based safety
systems are used for ensuring safety in heavy duty HRI
applications in manufacturing industry.
This work demonstrates that latency affects efﬁciency and
seamless cooperation directly in real–time HRI experimental
work. In addition to this, it is essential to ensure safe interaction through planned trajectory. From these two main HRI
metrics, an interaction study is conducted with existing softwares and libraries. As an use case scenario, a pick and place

(a) View of the test script which
used for implementation

(b) View of the test script from a
difference angle

Fig. 7: The test trajectory of UR5

Fig. 9: Time parameterization method. Red straight line represents the trajectory which robot should follow and blue dash
line represents the trajectory which robot actual follow.

task that includes smooth trajectory can be easily programmed
by an inexperienced operator with further improvements.
Finally, the limitations can be listed as follows. ROS only
works on Linux based operating systems, so the built-in
functions of Kinect can not be used and the external library
must be used to get the data (e.g., libfreenect2 and IAI Kinect2
for this project). Next, when the downsampling is done with
the VG ﬁlter, the resolution is lost in point cloud and the
point is calculated incorrectly if the points go below 60K.
On the other hand, in order to use built–in ﬁlters in PCL,
only C++ development and programming can be used at this
time. Moreover, in MoveIt!, since the search–based calculation
method is used, milliseconds can not be reached for the
trajectory planning.
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As a future work, one can focus on closed form trajectory
planning method to reduce the trajectory calculation time in
milliseconds order. Besides, the efﬁciency can be enhanced by
using different kind of ﬁlters in the PCL library and testing
on various complex robot trajectories.
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