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Abstract— Robot manipulators in factories are usually
used in automatic mode, running a pre-written program. My
goal with this project was to be able to control the robot
manipulator in real time with hand movements. This would
allow in the future, by using augmented reality and a mobile
robot manipulator, to work in places that would be dangerous
for human life (e.g., chemical environment, extreme cold/hot
environment.)
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1. INTRODUCTION

Many examples in modern robotics show that, in some
cases, seamless and real-time control is needed. In many
cases it is difficult to control a robot with a keyboard or with
the control panel of the robot itself. Gesture-based robot
control is where a human can control the robot with hand
movements and does not need to enter numerical values
with a keyboard or control panel. This is suitable for
controlling any robot in areas where human operation is not
feasible for safety reasons [1]— [3]. So, you can control the
robot safely in front of a TV or PC [4].

Thanks to the development of the Robotics Laboratory
at the Alba Regia Faculty of Technology of Obuda
University, students will gain access to the most common
industrial robots and collaborative robotics in industry. The
collaborative robot in the lab can be used by any student to
extend, develop, and test different ideas [5]— [8]. The
collaborative robot is a Universal Robots URS e-series 6
degrees of freedom multifunctional co-robot.

II.  PROBLEM DESCRIPTION

I have taken the following aspects into account in the
design:

e Implementation with minimum hardware
requirements

e Plug n play with any webcam and universal
robots

e 3D movement with a webcam
e Integrating OpenCV into ROS

The main problem was caused by the different Python
versions. OpenCV and Mediapipe only works with Python3,
while ROS Melodic uses Python2. The reason for choosing
ROS Melodic over the newer ROS Noetic (which already
supports Python3) is that the Universal Robots GitHub page
for the package recommends Ubuntu 18.04, which only runs
ROS Melodic.
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III. STRUCTURE OF THE ENVIROMENT

The project only required a Universal Robots URS e-
series collaborative robot and a webcam. For image
processing, 1 used the Open-Source Computer Vision
Library (OpenCV) with Python3, and for hand recognition
and tracking, I used Mediapipe developed by Google, also
with Python3. Mediapipe was chosen because we wanted to
track not only the hand itself, but also the hand points, to
allow for the description and teaching of gestures in the
future (see Figure 1.)

Hand_Tracking_ROS: >

Figure 1. Hand recognition with OpenCV and Mediapipe

Universal Robots URSe

Technical Data of URS5-¢ (see Figure 2. ):
. Maximum reach: 850 mm
. Weight with cable: 20.6 kg
. Maximum payload: S5kg

*  Degrees of freedom: 6

Figure 2. URSe
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IV. STRUCTURE OF THE PROGRAM
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Figure 3. Structure of the program

The developed system uses live video stream for gesture
recognition. It monitors in real time the position of the
points on the hand and issues movement commands to the
robot based on this information. The proposed technique
Robot system operation is divided into four subsections:

Setup ROS environment

Hand detection with OpenCV and Mediapipe
Processing data from hand detection

Sending motion commands to the robot

A. Setup ROS environment

Robot Operating system (ROS) is a flexible framework
for creating robot programs. Every ROS project needs a
central core on which to hang other nodes that perform
complex tasks. For this project, I used the Universal Robots
factory package as the core. The package includes Moveit
and Rviz (see Figure 5. ), a visualization environment that
allows me to easily design the path needed to move the robot
and Rviz was used for one of the safety elements.

B. Hand detection with OpenCV and MediaPipe

The project is based on the HandTrack.py file (see Figure
3.). To detect the hand, I used the open-source computer
vision library (OpenCV) and Mediapipe. OpenCV can be
used to draw lines on the camera image so that I can draw
the origin point and the threshold zone, where the robot
stops moving when the tracked point is reached. For hand
recognition and tracking I used Mediapipe, which is an
open-source Python package developed by google which is
perfect for hand recognition. It places a landmark of 21
points on the recognized hand, the points of which I used to
control the robot (see Figure 4. ).
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C. Processing data from hand detection

The data from HandTrack.py is collected by the
Talker.py (see Figure 6.) file and passed to the Listener files.
The Talker.py file is the publisher node which is the
transition between Python2 and Python3. The subscriber
nodes are the Listener nodes. These files decide whether the
robot should move in a positive or negative direction on a
given axis, and they also define the size of the step per
instruction and the threshold zone (marked with red lines,
see Figure 1. ). Listener z.py is the file where the initial
length of the segment between point 1 (WRIST) and point
12 (MIDDLE FINGER TIP) is defined (see Figure 4. ). If
the length of the segment increases by a factor of 1.2 during
hand tracking, the robot moves in a positive direction, if it
increases by a factor of 0.8, the robot moves in a negative
direction on the axis. Here it is important that the hand is in
front of the camera when starting the Main.py file, because
only then can the length of the section be recorded,
otherwise the robot will only move on 2 axes.

D. Sending motion commands to the robot

The Main.py file (see Figure 7. ) is responsible for the
movement commands. The starting position and the
orientation of the TCP are defined here. In addition, the
Main.py file collects the data returned by the Listener files
and sends it to the robot, which executes it in the form of a
motion. The program's motion, designed with state and
executed with the real robot's state, is displayed in Rviz, so
that we can even remotely control the robot manipulator
after modeling the robot's environment.
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Figure 4. Mediapipe hand landmarks
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Figure 5. URSe in Rviz
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droid@dr0id-ThinkPad-L440: ~

File Edit View Search Terminal Tabs Help

roscore http://droid-ThinkPad-L440:11311/ =
dim: []
data_offset: @
: [0.182, ©.3, 8.355, 0.204, 0.306, 0.043, 8.239, 0.013]
[ INFO] [1632752576.613982]: layout:
dim: []
data_offset: @
: [0.162, ©.307, 0.326, 0.192,
[ INFO] [1632752578.839807]: layout:
dim: []
data_offset: @
: [0.156, ©.318, 0.325, 0.263,
[ INFO] [1632752579.460439]: layout:
dim: []
data_offset: @
: [0.162, ©.322, 0.331, 0.208,
[ INFO] [1632752586.888231]: layout:
dim: []
data_offset: @
: [0.158, ©.321, 0.327, 0.203,
[ INFO] [1632752582.388224]: layout:
dim: []
data_offset: @
: [0.156, ©.319, 0.325, 0.198,

droid@droid-ThinkPad-L440: ~

.042, 0.215, 0.014]
.046, 0.207, 0.016]
.049, 0.213, 0.02]
.04, 0.207, ©.002]

.04, ©.205, 0.005]

Figure 6. Talker.py during running
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Figure 7. Main.py during running

V. SAFETY FUNCTIONS

During testing, the robot follows unpredictable
trajectories after losing track of the hand. Three main safety
features were implemented to avoid unexpected trajectories.
First, the robot's workspace was virtually constrained. This
was solved within Rviz by creating a simple safety cage. We
were able to limit the range of motion sufficiently so that the
robot cannot damage its environment. When the robot
reaches the green wall, it stops automatically (see Figure 8.
). Secondly, when the program detects too much movement
at the hand between two image refreshes, it stops
immediately. This is necessary because if the detection of
the hand is incorrect, the robot may receive incorrect data
which can lead to unpredictable movement paths and
possible collisions. Finally, when the camera loses hand
tracking it sends a 0 value to the robot so that the robot stops
moving, so there is no need to stop the program in case of
signal loss.
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Figure 8. URS5e in Rviz with the safety cage

VI. PROBLEMS DURING PROJECT AND OPPORTUNITUES
DEVELOPMENTS

The project has encountered several problems. The main
problem with 3D movement is that only the distance
between 0 and 12 points is observed, so a fist strike is
enough to move the robot. To solve this problem, we need
to replace the webcam with a Microsoft Kinect V2 [5]-[9],
which is capable of depth sensing, which would solve this
problem. The other big problem is software optimization.
The software currently works at a very low FPS. The
consequence of this is that it is not possible to make fast
movements with the hand because it loses tracking, this
should be optimized in the future. One possible solution
could be to rework the structure of the program and include
Kinect Studio if Kinect V2 is used. This would allow faster
movements and tracking on the robot side. With Kinect
Studio, it would be possible to program and teach dedicated
gestures [3], [14] and hand signals, which would facilitate
working with a collaborative robot. Another solution could
be to re-implement difficult computational parts/modules in
C++, e.g., with python bindings. The use of Leap Motion
for higher accuracy was considered, but we could not test
and implement this because Leap Motion is not available at
the university.

VIL

The document presents a preliminary project for
scientific studies and research. The robot can be controlled
by hand gestures in the following ways. The robot will move
along the x, y and z axes depending on the quarter of the
camera image in which the tracked point on the hand (see
Figure 4. ), in this case point 0 WRIST, is located and the
length of the segment between point 12
MIDDLE FINGER TIP and point 0 WRIST increases or
decreases compared to the initial length recorded at startup.
The experimental results show that with shorter steps and
higher robot speed, a less skilled, more fluid and more
accurate movement can be achieved. In the future, we would
like to replace the webcam with a Kinect V2 or a Leap
Motion sensor for more accurate hand detection.
Furthermore, we would like to rewrite the more resource-
intensive modules or, if necessary, the whole program in
C++ to achieve higher performance.

CONCLUSION
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