Institute of Information and
Communication Technologies

BULGARIAN ACADEMY OF

CONTROL OF SERV]CE YI'IPABJ'IEHHE HA CEF’BHBHH
MOBILE ROBOTS FOR POBOTHU 3A NMNOANOMAIAHE
HELPING HUMAN HA HOBEKA

ABTONSCIEATH Hl SB[ TaUuH

UHCTUTYT NO MHPOPMALIMOHHU U
KOMYHUKALUMOHHN TeXHONOIMMu

BEBIITAPCKA AKALIEMUA HA HAYKUTE

_.;\._5.
LA

[ESN:d514-65851



Tlopeouyama ,,Aémopeghepamu na oOucepmauyuu Ha
Hucmumyma no ungopmayuonnu u KOMyHUKAUUOHHU
mexunonocuu  npu  bvneapckama  axademusn  na
Haykume*  npeocmass 6  eleKmpoHeH — gopmam
asmopegepamu  Ha Oucepmayuu 34 NOLYHAGAHE HA
Hayunama cmenen ,,Jlokmop Ha Haykume” uiu Ha
obpaszoeamennama u HayuHama cmenen ,,J[okmop”,
sawumenu 6 Hncmumyma no uH@opmayuomHu u
KOMYHUKAYUOHHU — mexHonozuu  npu  bwreapckama
akademuss Ha Haykume. I[Ipeocmasenume mpyooge
ompasasam HOBU HAYYHU U HAYYHO-NPULOINCHU NPUHOCU 8
peouya obnacmu Ha uHQOpMayUOHHUME u
KoMyHUuKayuonnume mexnonocuu kamo Komniomwvpuu
mpedicu u apxumexmypu, Ilapanennu aneopummu, Hayunu
NpeCMsmanus, Junzeucmuuno Modenupane,
Mamemamuuecku memoou 3a o0bpabomka HA CeH30pHA
ungopmayus, Hupopmayuonnu MexHono2Uul 8
cueypnocmma, Texnonozuu 3a ynpaeienue u obpabomka
Ha  3Hanusi,  [puo-mexwonoeuu U - NPULONCEHUS,
Onmumusayus u esemane Ha peutenusi, Obpabomra Ha
cueHanu u pasnosmasane Ha obpasu, Humenucenmuu
cucmemu, Hngopmayuonnu npoyecu u  cucmemu,
Bepadenu ummenucenmnu  mexnonoeuu, Hepapxuunu
cucmemu, Komynuxayuonnu cucmemu u ycayeu u op.

Penaxkropu

Tenaouii Aepe

WHCTUTYT 10 WHPOPMAIMOHHH W KOMYHHKAIHOHHH
TEXHOJOTHH, bhirapcka akageMusi Ha HAyKUTe

E-mail: agre@iinf.bas.bg

Paiina I'eopeuesa

WHctutyr mno WHPOPMALMOHHM M KOMYHHUKAIIMOHHH
TEXHOJIOTHH, bhirapcka akagemus Ha

E-mail: rayna@parallel.bas.bg

Lanuena bopucosa

WHCTHTYT 1O WMHQOPMAMOHHM M KOMYHUKALMIOHHH
TEXHOJIOTHH, briirapcka akagemus Ha HayKuTe

E-mail: dborissova@iit.bas.bg

Hacmoswemo uzdanue e obekm Ha asmopcko npaeo.
Bcuuku npasa ca sanazenu npu npesoo, pasneuameane,
usnonseame Ha unoCmpayu, yumupanusi,
pasnpocmpanenue, 8b3NPoU3EHcCOane Ha MUKPODUIMU
un no Opyeu HAYUHU, KAKmMo U CvbXpamenue 6 Oasu om
OaHHU HA 6CUMKU UIU HAC OmM Mamepuaiume 6
Hacmosiwemo uzoanue. Konupanemo na uzoanuemo uiu
Ha 4acm om CbObPIUCAHUEMO MY € PAPEUEHO CAMO CbC
cvenacuemo Ha asmopume u/uiu peoaKmopume

The series Abstracts of Dissertations of the Institute of
Information and Communication Technologies at the
Bulgarian Academy of Sciences presents in an
electronic format the abstracts of Doctor of Sciences
and PhD dissertations defended in the Institute of
Information and Communication Technologies at the
Bulgarian Academy of Sciences. The studies provide
new original results in such areas of Information and
Communication Technologies as Computer Networks
and  Architectures, Parallel Algorithms, Scientific
Computations, Linguistic Modelling, Mathematical
Methods for Sensor Data Processing, Information
Technologies for Security, Technologies for Knowledge
management and processing, Grid Technologies and
Applications, Optimization and Decision Making, Signal
Processing and Pattern Recognition, Information
Processing and Systems, Intelligent Systems, Embedded
Intelligent  Technologies,  Hierarchical  Systems,
Communication Systems and Services, etc.

Editors

Gennady Agre

Institute  of Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: agre@iinf.bas.bg

Rayna Georgieva

Institute  of  Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: rayna@parallel.bas.bg

Daniela Borissova

Institute  of Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: dborissova@iit.bas.bg

This work is subjected to copyright. All rights are
reserved, whether the whole or part of the materials is
concerned, specifically the rights of translation,
reprinting, re-use  of illustrations, recitation,
broadcasting, reproduction on microfilms or in other
ways, and storage in data banks. Duplication of this
work or part thereof is only permitted under the
provisions of the authors and/or editor.

e-ISSN: 1314-6351

© IICT-BAS 2012

www.iict.bas.bg/dissertations



TEERATAEERT  BULGARIAN ACADEMY OF SCIENCES

Abstract of PhD Thesis

RESEARCH AND CONTROL OF SERVICE
MOBILE ROBOTS FOR HELPING HUMAN

Denis Safidinov Chikurtev
Supervisor: Prof. Dimitar Karastoyanov
Approved by Supervising Committee:

Prof. Todor Neshkov

Assoc. Prof. Luben Klochkov
Prof. Kostadin Kostadinov
Assoc. Prof. Vladimir Monov
Prof. Dimitar Karastoyanov

COMMUNICATION TECHNOLOGIES



4 Denis Chikurtev

Approved be Supervising Committee:

Prof. PhD Todor Neshkov

Prof. PhD Kostadin Kostadinov
Assoc. Prof. PhD Luben Klochkov
Prof. PhD Domitar Karastoyanov
Assoc. Prof. PhD Vladimir Monov

The PhD thesis was discussed and allowed to be defended during an extended session of the
Department of Embedded Intelligent Technologies at 1ICT-BAS, which had been held on July 31,
2017.

The defense of the PhD thesis had been heldon ...............at ......... am in Room 507, Block 2,
IICT-BAS.

The full volume of the dissertation is 106 pages. It consists of an introduction and four chapters.
The list of references contains 75 titles. The text of the dissertation includes 2 tables and 77 figures.

Abstracts of Dissertations 4 (2017) 3-16



Research and Control of Service Mobile Robots for Helping Human 5

Keywords: robot, service robot, mobile robot, robotic manipulator, Robot Operating System,
localization and navigation, odometry, computer vision, OpenCV, robot control, web user
interface, iterative learning control, tele-control, collision avoidance, intelligent service robots.

Introduction

The aim of the dissertation is research, improve and creation of methods, algorithms and control
systems for service robots for person assistance. The conduct of these studies should contribute to
the development of service robots by improving and expanding their capabilities to perform
complex tasks. Service robots must be able to move autonomously, recognize basic objects, take
and bring these objects, make decisions in certain situations, manage remotely and be at an
affordable price. The research covers the following problem areas of service robots: localization
and navigation, computer vision, robot operating system (ROS), Internet interface, sensor systems,
intelligent control systems, servicing the elderly and disabled, and budget decisions to reduce and
optimize the cost of the robots.

In order to achieve the goal of the dissertation, we have to solve the following tasks:

e Analysis of the current state of research and problems in the field of service robotics;

e Investigation of methods to improve localization and navigation in mobile robots;

e Research of methods of computer vision for object and human recognition;

e Research of the capabilities and application of the Robot Operating System - ROS;

e Research of methods for control of robotic manipulators for working in home environment;

e Development of methods for control of service robots by using various devices and
interfaces;

e Investigation of methods and techniques for helping the elderly and disabled;

e Conduct real experiments to show the results of the research and development;

1. Methodology

Serving robots receive mass media coverage, contributing to spreading this new area of robotics
to a wider audience. Robots are obviously on the rise: in production and more and more often in
everyday life. The growing interest in service robotics is partly due to the diversity and number of
new businesses, which now account for more than 25% of all robot companies. In addition, large
companies are increasingly investing in robotics, often through the acquisition of new companies.

In professional applications, service robots already have a significant impact in various areas
such as agriculture, surgery, logistics and underwater applications and increase their economic
importance. Driven by the rising security threat, there is an increasing need to keep track of daily
environments, resulting in increased and complicated task management and data flows. To meet
these major needs, robots will play a very important role in the maintenance, security and rescue
market.
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6 Denis Chikurtev

Personal and home use robotics have experienced strong global growth with a relatively small
number of mass-market products: floor cleaning robots, mowers and robots for education and
entertainment. Future product development points to home robots with higher complexity,
capabilities and quality, such as robot assistants to help adults to help with housework and
entertainment. Service robots for home assistance have to provide support and instructional help in
a person’s daily life and promote self-initiative [1]. They can provide services in hospitals for
surgery and rehabilitation [2], [3].

Over the last decades, many robotic platforms have been developed, most of which include
mobility, some autonomous navigation and, more recently, manipulation capabilities. However, it
is difficult to find service robot platforms, which also include vision capability with object
recognition, gesture recognition and scene modeling, comprehensive reasoning and component
planning, and user interaction concepts.

1.1. Algorithms for control, navigation and localization and computer vision.
e ROS

Robot operating system (ROS) - The Robot Operating System (ROS) is a flex-ible framework
for writing robot software. It is a collection of tools, libraries, and conventions that aim to simplify
the task of creating complex and robust robot behavior across a wide variety of robotic platforms
[4]. All ROS software is organized into packages. A ROS package is a coherent collection of files,
generally including both executables and supporting files that serves a specific purpose.

One of the basic goals of ROS is to enable roboticists to design software as a collection of
small, mostly independent programs called nodes that all run at the same time. For this to work,
those nodes must be able to communicate with one another. The part of ROS that facilitates this
communication is called the ROS master. A running instance of a ROS program is called a node.
The primary mechanism that ROS nodes use to communicate is to send messages. Messages in
ROS are organized into named topics. The idea is that a node that wants to share information will
publish messages on the appropriate topic or topics; a node that wants to receive information will
subscribe to the topic or topics that it is interested. The ROS master takes care of ensuring that
publishers and subscribers can find each other; the messages themselves are sent directly from
publisher to subscriber.

e Navigation and localization

Navigation systems for mobile robots require both sufficiently reliable estimation of the current
robot location and precise map of the navigation area. These systems are separated into two levels
of control: global path planning and local motion control. The local navigation systems are capable
of producing a new path in response to the environmental changes. These systems can be divided
into directional and velocity space based approaches [5]. The directional approaches such as
Potential field method [6], Virtual Force Field [7], which extends to Vector Field Histogram [8]
and Nearness Diagram algorithm [9], generate a direction for the robot to head in. Velocity space
approaches such as Curvature Velocity method [10], Lane Curvature method [11], and Dynamic
Window method [12], perform a search of the commands controlling the robot such as translational
and rotational velocities directly from the velocities space.
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For developing the navigation system of the robot, we use SLAM (Simultaneous Localization
and Mapping) for mobile robots [13]. The SLAM process consists of a number of steps. The goal
of the process is to use the environment to update the position of the robot. Since the odometry of
the robot (which gives the robots position) is often erroneous, we cannot rely directly on the
odometry. We can use laser scans of the environment to correct the position of the robot. This is
accomplished by extracting features from the environment and re-observing when the robot moves
around. An EKF (Extended Kalman Filter) is the heart of the SLAM process (fig. 1).

Laser Scan

}
—l Landmark

Odometry change Extraction

l ..

EKF Data

Odometry update Association

!

EKF

Re-observation

¥

EKF

[ Y

New observations
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Figure 1. SLAM process.

When the odometry changes because the robot moves the uncertainty pertaining to the robots
new position is updated in the EKF using Odometry update. Landmarks are then extracted from
the environment from the robots new position. The robot then attempts to associate these
landmarks to observations of landmarks it previously has seen. Re-observed landmarks are then
used to update the robots position in the EKF.

e Odometry errors

Odometry computes the robot's relative horizontal displacement and change in orientation as a
function of the incremental horizontal displacement of the drive wheels [14]. The latter is found
from incremental wheel encoders as follows: Suppose that at sampling interval | the left and right
wheel encoders show a pulse increment of NL and NR, respectively. Suppose further that

cm = Dn/nCe

where

cm - Conversion factor that translates encoder pulses into linear wheel displacement.
Dn - Nominal wheel diameter (in mm).

Ce - Encoder resolution (in pulses per revolution).
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n - Gear ratio of the reduction gear between the motor (where the encoder is attached) and the
drive wheel.

One can then compute the incremental travel distance for the left and right wheel, UL,i and
UR,i according to

UL/R,i=cm NL/R, i

Our robot has the following parameters:
e Wheel radius — 76,2 mm

e Distance between wheels — 390 mm
e Encoders resolution — 144 ticks / turn

We calculate the distance travelled by each wheel in meters, given the current readings of the
encoders:

left_distance: = (current_left_encoder _ticks - last_left_encoder_ticks)/
LEFT_TICKS_PER_METER

last_left_encoder_ticks: = current_left_encoder_ticks

Next, we estimate the total distance between the current and previous positions in meters:
distance: = (left_distance + right_distance) / 2.0

We calculate the heading of the robot:

theta: = theta + (left_distance — right_distance) / DISTANCE_BETWEEN_WHEELS
Finally, we can estimate the current position (X, y) of our robot:

X: = X + distance * cos(theta)

y: =y + distance * sin(theta)

Odometry is based on simple equations that are easily implemented and that utilize data from
inexpensive incremental wheel encoders. However, odometry is based on the assumption that
wheel revolutions can be translated into linear displacement relative to the floor. This assumption
is only of limited validity. One extreme example is wheel slippage: If one wheel was to slip on,
say, an oil spill, then the associated encoder would register wheel revolutions even though these
revolutions would not correspond to a linear displacement of the wheel [15].

We publishing the odometry information over nav_msgs/Odometry message. The pose in this
message corresponds to the estimated position of the robot in the odometric frame, along with an
optional covariance for the certainty of that pose estimate. The twist in this message corresponds
to the robot's velocity in the child frame, normally the coordinate frame of the mobile base, along
with an optional covariance for the certainty of that velocity estimate.

e Computer vision

Some of the primary vision technologies used in service robots are: structured light systems,
two-camera stereo systems, time-of-flight sensors, lidar, and single-lens camera systems. Other
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sensing/locating technologies may be combined with the vision components to provide even more
information to the robots, including GPS navigation, radar, sonar, and inertial guidance. For more
sophisticated robots, simultaneous localization and mapping (SLAM) is critical to build maps of
unknown environments or to update maps within known environments, while at the same time
keeping track of the current location of the robot.

OpenCV (Open Source Computer Vision Library) is an open source computer vision and
machine learning software library. The library has more than 2500 optimized algorithms, which
includes a comprehensive set of both classic and state-of-the-art computer vision and machine
learning algorithms.

Our robot is controlled by the ROS. There is vision_opencv stack, that provides packaging of
the OpenCV library for ROS. There are two main packages for using OpenCV in ROS:

e cv_bridge: Bridge between ROS messages and OpenCV;
o image_geometry: Collection of methods for dealing with image and pixel geometry.

ROS passes around images in its own sensor_msgs/Image message format, but many users
will want to use images in conjunction with OpenCV. CvBridge is a ROS library that provides an
interface between ROS and OpenCV. CvBridge can be found in the cv_bridge package in
the vision_opencv stack [16].

Face recognition based on the geometric features of a face is probably the most intuitive
approach to face recognition. One of the first automated face recognition systems was described in
[17]: marker points (position of eyes, ears, nose, ...) were used to build a feature vector (distance
between the points, angle between them, ...). The recognition was performed by calculating the
euclidean distance between feature vectors of a probe and reference image. Such a method is robust
against changes in illumination by its nature, but has a huge drawback: the accurate registration of
the marker points is complicated, even with state of the art algorithms. Some of the latest work on
geometric face recognition was carried out in [18]. A 22-dimensional feature vector was used and
experiments on large datasets have shown, that geometrical features alone my not carry enough
information for face recognition.

1.2. Service robots for specific purposes
e Mobile robot control

Distant control of the robot is developed in two methods. The first one is control via physical
joystick and for feedback, we use the camera of the robot. The second one is semi-autonomous
control, which includes autonomous navigation and web based user interface.

We wanted our platform to have reliable and secure motion. In order to achieve this, we
measured the maximum acceleration for safe movement of our robot. Its height is about 1 meter.
We placed on top of it a non slipping mat and glasses full with liquids. The result was maximum
acceleration of 40 cm per square second. Therefore, this was the limits of our platform.

Next thing we did to achieve robust control was using regulators based on, the aforementioned,
PID technique. This type of control was integrated into the firmware of the used Eddie Control
Board in our robot. We used it, to regulate the speed of each driving wheel. The feedback was
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given by the mounted on the wheel axis quadrature encoder. There were two separate controllers
on each wheel working on the following principle: (shown on fig. 2).

Figure 2. Control of robot mobile platform.

The encoder ticks measure the travelled by the robot distance. By differentiating it, the current
speed of the wheel can be estimated. Then, the difference between the desired speed and the current
one is computed. This difference is the given on the input of a simple P controller whose task is to
convert the desired speed rate into a desired acceleration. This acceleration is then limited and
feeded into PID controller. On its output is the necessary motor power for achievement our goal
speed.

Next thing we did was to use the data from our distance sensors to avoid collision with nearby
objects. The sensors we used had the following limitations: the infrared one can sense objects which
are very close to the robot, no more than 80 cm away; the sonar sensor had more distance — 300
cm from the mobile platform.

Our tests showed that the much closer distance sensor — the infrared one, is not enough when
we want to avoid collisions. When this sensor senses object it is already too late for the robot to
react because of its speed and mass properties. And limiting the speed is just not applicable.

Also, because our target group are people with disabilities we can assume that they live alone
or move slow, so the environment in which the robot is operating is almost static. So, people or
objects will not show suddenly in front of the platform and those sensors given the proposed logic
(fig. 3) will be enough to avoid collisions.
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Figure 3. Algorithm for obstacle avoidance.

For our robot we estimated that when it is about 150 cm away from obstacle the speed should
be limited to 50 cm per second and when the obstacle is 40 cm away the robot should stop. Those
measurements were made according to these limits: maximum linear speed of 100 cm per second
and maximum acceleration of 40 cm per square second.

e User interface

The communication between the robot assistant and the disabled person is a really important
issue. It determines how fast he will adapt to the system and starts using its full potential. The
system in this research was supposed to be cost-effective. So, we made web based user interface
(shown on fig. 4). With this interface the control, setup and communication with the robot could
be done via any decent device with a web browser — smartphone, tablet, laptop or a personal
computer. This type of interface allowed us to reduce costs for hardware to their minimum, because
this interface was hosted on the already existent computer in the robot.

For the interface we used the Python based web framework — Django. We implemented two
sided video and audio communication in real time via the WebRTC library which is already
supported in most of the modern web browsers. The interface also provides access to all parameters
of our robot assistant system and saves any modification of them, which makes personalization and
tuning of the robot a very pleasant and user friendly task. There is also a virtual joystick for
controlling the position of the robot and live video stream from its camera. Also, the current status
of the platform is shown on the interface. We made special buttons for voice synthetizing of
important to our person information, like the weather or the current time.
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12 Denis Chikurtev

Since robot, system is based on ROS. So, we used the JavaScript library roslibjs and the
rosbridge package for establishing the communication between the user interface and the mobile
platform.

Camera and Microphone

Web User Interface

ROS Driver

Multimedia System

Figure 4. Communication system.

e Control of robot manipulators

Obiject transportation is a very complicated process, which incorporates multiple types of
robotic systems. It can be divide into the following steps:

Step 1: Recognition of the object of interest and then relocating the mobile platform as close as
possible to it, so that the object will be placed within the working zone of the robotic arm. Mobile
robot should autonomously navigate within a domestic environment by using Simultaneous
Localization and Mapping algorithms. In addition, while moving around the map the robot needs
to recognize objects of interest and put them on the map for later use [19].

Step 2: Next step is to position the robotic gripper at the exact point of the object. This a very
challenging task. Some researches focus on very complex systems combining multiple cameras in
order to achieve highly reliable multi-view object recognition even for assembly manipulation tasks
[20]. After the object is recognized then its pose relatively to the robot is estimated. Then if the
precise kinematics and dynamics models of the robot arm are known it is a relatively easy task to
move the end effector to the exact position for grasping.

Step 3: Final step is the object grasping. In order to be robust this process must relate on various
types of sensors: vision, proximity, tactile. After the object is grasped then the mobile robot can
deliver it.
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At this point, we look at the problem of positioning a robotic manipulator to a particular object,
the ultimate goal being to capture that object. Problems such as positioning and calculation of exact
dynamic and kinematic models are solved using stereo computer vision, providing visual feedback
to compensate for any inaccuracies through the Iterative Learning Control (ILC) procedure.

The next algorithm relates on the real-time visual data from a stereo camera in order to position
the gripper at the perfect point for grasping any pre-selected object of interest:

(S1) Set the robot arm to initial position.

(S2) Recognize the object of interest on both left and right images of the stereo camera (see fig.
5.a.).

(S3) Start rotating around Z axis until the distances between the center axis and the distances
from it to the object on the left and right camera are equal (see fig. 5.b.).

(S4) Move the gripper forward until object of interest is vertically centered on both cameras
(see fig 5.c.).

(S5) Start descending the gripper straight down perpendicularly to the XY plane until the object
lies within the grasp area, as shown in fig. 5.d.

(S6) Close the gripper and deliver the object.

Y o & v
a b
& 4
.—-_
c d

Figure 5. Positioning of the manipulator.

Step S5 from the above algorithm can be rewritten as:

(S5.1) Remember the current position and set as initial position for the BEA algorithm.

(S5.2) Go to initial position of the BEA.

(S5.3) Start descending down until unacceptable tracking error occurs or the object is reached.

(S5.4) If the object is reached then proceed to next step else use the BEA ILC procedure and
update the control signals and go to step S5.2.
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Standard memorization technique can be applied. The execution time of the above algorithm
can be reduced if the control signals after the last update of the ILC are associated with the starting
position and memorized. Then after completion of step S4 and before the start of step S5.1 the
control signals associated with the closest to the current starting point are used as initial.

e Intelligent systems for service robots
The algorithm for person recognizing, person following and fall detection is shown in figure 6.

The robot turns on all sensors, systems and engines. Then it scans the surroundings and starts
the procedure for locating a person. When the robot finds a person, it begins the owner recognition
process, if that is not its owner, it returns to the search for a person procedure. And so on, until it
finds and identifies its owner.

urm an
sensors and

mators

Scan area

Search for
hurnan

h
Recognise
sheleton

Y

Measure
distance

call
emergency

Figure 6. Algorithm for person following and fall detection.

Upon successful identification, the robot continues to work on the implementation of two new
procedures. One is to maintain certain distance from the owner and the other for monitoring the
health of the owner and eventual voice communication with emergency services- phone number
112 in case the person falls.
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Keeping the correct distance from the owner is achieved by the following procedure: The robot
measures the distance to the object and if the distance is greater or less than 1.5 meters it should
perform a movement forward or backward until it reaches the correct distance of 1.5 meters from
the person. Thus, when the owner moves in any direction, the robot begins to follow, keeping the
set distance.

The procedure for fall detection: robot scans and determines the skeletal structure of the person.
If it is in predetermined positions and proportions, this means that the owner is in good condition.
However, if there is an instantaneous change in the positions of certain points of the skeletal
structure (fall), the robot will recognize this and take appropriate action. Robot asks the owner to
confirm with a voice command if that is really an accident. If there is a negative answer, it goes
back in the beginning of the procedure, and tracks for new changes in skeletal structure. If the
answer is that there is a problem or there is no response, the robot automatically makes voice call
to the emergency services 112 (hospital/ambulance).

Contribution summary

1. The state and development of research and problems in the field of service robotics are
analyzed. Methods to improve localization and navigation in mobile robots have been
explored, such as real-time algorithms, correcting systematic and non-systematic errors,
and improved motor management;

2. Methods and algorithms for object and human recognition are investigated and applied by
using OpenCV;,

3. Applications of the Robot Operating System - ROS on the robot have been developed.
Described are the main features and operating principle of the operating system. Multi-
channel robotic control has been implemented through various devices;

4. A method for Iterative Learning Control of robotic manipulator has been developed, using
computer vision for feedback and methods for optimization of the control by applying
memorization and error correction;

5. Methods and techniques have been developed to help elderly and disabled people, such as
tracking a human being and recognizing a fall. Also provided is a sensing system for
identifying dynamic objects passing in front of the robot;

6. A comparative analysis of the performance of the improved systems has been made against
the initial capabilities of the control systems of the service robots;
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Iea u 3apaun

LlenTa Ha nucepranusra € H3CIEIBaHE, MONOOpSBAHE W Ch3JaBaHE HAa METO.H,
AJITOPUTMU U CHCTEMHU 32 YIIPaBJICHUE HA CEPBU3HH POOOTH, PEHA3HAYCHHU 33 MOJIIOMAraHe
Ha 4oBeka. [IpoBexnaHeTo Ha Te3W W3CIIEABaHUS TPsSOBa Ja JONPHHECE 3a Pa3BUTHUETO HA
CEpBU3HHUTE POOOTH, KaTo MOJOOPU M Pa3sUIMPH TEXHHUTE BH3MOXKHOCTH 3a M3IIBIHCHUE HA
pa3IMYHU MO CIIOKHOCT 3amayd. CepBU3HHTE pPOOOTH TpsAOBa Ja MOTraT Ja Ce JBHKAT
ABTOHOMHO, a pa3snoO3HaBaT OCHOBHU IMPEAMCTHU, Ja B3UMAT U OOHACAT TC3U MPCAMCTH, Oa
B3UMaAT PCIICHHA B ONIPCACICHU CUTYyAllUH, na MOraTt aa C€ yIlpaBJiABaT JUCTAHIIMOHHO U Ja
ObIaT Ha NOCTBHIHA IeHa. M3cienBaHusiTa 0OXBaIIaT CIETHUTE MPOOJIEMHH OOJNACTH TpPU
CCPBU3HUTC pO6OTI/I: JIOKaJIM3alud W HaBUTallks, KOMIIIOTBPHO 3PCHHUC, OICpAllMOHHATAa
cucrema 3a poootu (ROS), unrepuer unrepdeiic, CCH30pHU CUCTEMHU, HHTEIIUTEHTHU CUCTEMHU
3a ynpalieHHe, poOOTH 3a 00CITy)KBaHE Ha Bh3PACTHU U MHBAJIMIU U OIO/DKETHU PELICHUS 32
HaMaJsIBaHE M ONITHMHU3UPAHE Ha [IeHaTa Ha pOOOTHTE.

JlocTuranero Ha 1eNTa HA IUCepTanusaTa o0xBama Habop oT 3agaun. Pemenuero Ha Te3u
3a/1auu 1€ JOBEJE 0 PEe3yJITaTH, KOUTO Ja yAOBICTBOPSAT 3anaacHaTa ueia. GopmynupaHuTe
3a/1auu ca CJICTHUTE:

e Apamn3 Ha HACTOAIIOTO CBCTOAHUC HAa HAYUYHHUTC H3CIICABAHUA U HpO6H€MI/ITe B
obJacTTa Ha cepBU3HATA POOOTHKA,
e l3cienBaHe Ha METOJIM 3a MMO00PSIBAHE HA JIOKATM3AIINS M HABUTAIHMS TIPU MOOMITHUTE

poboTH;

e 3crensaHe Ha METOIU OT KOMIIIOTBPHOTO 3PEHHE 3a pa3llO3HABaHE HA MPEAMETH U
xopa

e 3scrensaHe Ha BB3MOKHOCTHTE M MPHIIOKEeHHETO Ha OmepalioHHaTa CHCTEMa 3a
po6otu — ROS;

e 3cienBaHe Ha METO/AM 3a yIpaBlIeHUE HA POOOTU3MPAHU MaHHUITYJIaTOpH 3a paboTa B
JIOMalllHa Cpefa;

e PazpaborBaHe Ha MeTOAM 3a YNpaBICHHE Ha CEPBU3EH pOOOT, ype3 pa3iInuyuHu
YCTpOWCTBA U UHTEp(decH;

e l3cnenBane Ha METOAM M TEXHUKH 3a TIOJANIOMAaraHe Ha Bb3pacTHU XOpa U MHBATUIN

e [lpoBexaaHe Ha peaJlHU EKCIIEPUMEHTH 32 J1a CE TIOKa)KaT Pe3yJITaTUTE OT IPOBEACHUTE
W3cneABaHus U pa3paboTKu.
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YBOJI

CepBusHarta po6oTH € 00J1aCT, KOSITO C€ Pa3BUBa C OTPOMHHU TEMIIOBE MPE3 MOCIETHUTE
roauHu. nesta Ha Te3u poOOTH € Ja 3aMCHST YacT OT ©)KCJIHEBHUTE YOBEIIKH JICHHOCTH,
KOUTO ca CBBbpP3aHU C paboTa BBB BpEeIHU cpend, paboTa Ha TPYJHOAOCTHIIHHU MeECTa,
W3BBPIIBAaHE HA MOJNOMAramy ACWHOCTH, MHCIEKTHpAaHE Ha Pa3IMYHU MecTa W APYTH.
[ToBeueTo OT cepBU3HHTE POOOTH ca CIECNHUATM3UPAHM 3a KOHKPETHH 3aJadd, IOHEKE
HampaBaTa Ha YHUBEpCaJleH poOOT M MHOTO CIIOKHO U CKbIIO0 HaunHaHue. Knacudukanusta Ha
CepBHU3HUTE POOOTH Ce TIPABH CIIOPE]] TAXHOTO MPEIHA3HAYCHHE.

B To3u Tpya ca 3acerHatu HsAKoW (GyHIAMEHTAIHM NPOOJIeMU KaTo HaBHTaIus,
JOKalimdanuss W OJOMCTPUSA IIpHU MOOWMIHUTE pO6OTI/I, KOMIIIOTBPHO 3pCHUC U BHUACO
o0paboTBaHe U yIpaBlIeHUE HA aHTPOITOMOPGHU POOOTU3NPAHN MAHUITYIATOPH.

Hacrosimiara nucepranmonHa padoTta € CTpyKTypHpaHa KakTo CIIe/IBa:

I''TABA 1: aHanmuM3upaHo € CBCTOSHHUETO Ha I1a3apa Ha CEpPBU3HUTE pOOOTH.
AHanu3upaHu ca TUTIOBETE CEPBU3HU POOOTH CHOPE TAXHOTO MpeaHa3HAYCHHE. pasrielaHu
ca Hy XJIUTe OT CEpBU3HU POOOTH 3a MOJIIOMaraHe Ha 4oBeka. Pasrienanu ca npobieMuTe npu
yOpaBlieHHE Ha CEepBU3HHUTE pOOOTH B CIEIHUTE OONACTH: aBTOHOMHO JABW)KCHHE Ha
CEpBU3HUTE POOOTH, B3aUMOJEHCTBME Ha pOOOTUTE C cpelaTa, XopaTa U IpeIMETH,
MIPUIIOKEHHE Ha pOOOTHUTE 3a MOAIOMAaraHe Ha Xopara.

I'JTABA 2: B Ta3u r71aBa € ONMCaH CEPBU3HUSA POOOT, KOMTO ce U3I0JI3BA 32 IIpUjIaraHe
U TIPOBEXKIaHE Ha EKCIIEPUMEHTH, CBbp3aHu C paborara mo auceprauusara. OmnucaHu ca
BB3MOKHOCTUTE U MIPUHIUNA HA paboTa Ha OnepalnoHHa crcTeMa 3a YIpaBieHue Ha poOoTu
(ROS). Omucanu ca MeToJu 3a ONTHMHU3UpPAHE HA HABHTAIlMOHHA CHCTEMa U OJIOMETPUSITA.
Onucanu ca METOAM 3a pealn3MpaHe Ha KOMIIOTBPHO 3PEHHME 3a pa3lO3HABaHE Ha JMIA U
oOektu. [IpencraBenu ca aaropuTMu 3a 1mo100psiBaHe Ha CIIOMEHATUTE CUCTEMHU.

I'JTABA 3: B Ta3u 171aBa ca 3aCerHaTH CeIU(GUIHN MPOOJIEMH TIPH CEPBU3HHUTE POOOTH.
[IpencraBenn ca MeTOAM 3a NUCTAHIIMOHHO YTpaBlIeHHE Ha POOOTUTE Upe3 pa3IHuHU
ycTpoiicTBa u uHTepdeiicu. Pasrnenanu ca Bb3MOKHOCTH 3a 3aCHEMaHE Ha M300pa’KeHUs ¢
MOMOIITa HA TepMO Kamepa. Peanmsupan e uHTepHeT OasupaH MOTpeOUTENCKH MHTepdeiic,
KOWTO TIpeAOCTaBs pas3nuvHu (yHKIMH 3a yrpaBieHue. [loka3aHu ca HOBH MOIXOIU 3a
WUTEPATUBHO YIIPaBJICHHUE HA AaHTPOTIOMOP(EH MaHUTTYIATOP.

I'JIABA 4: uznoxkeHu ca pe3yJiTaTuTe OT MPOBEICHUTE HAYYHH €KCIIEPUMEHTH, BEPXY
poborta. HampaBeH € aHanm3 Ha CHCTEMHTE Ha poOOTa, HAYMHA MO KOWTO C€ € MOA00pHIIo
[SJIOCTHOTO TIOBeJIeHUe Ha poOoTa. OTYEeTEeHH ca TOYHOCTTA MPH MOAOOpeHaTa HaBUTALUS U
OJIOMETpHsI, YCIEBAEMOCTTa MPH Pa3IlO3HABAHE Ha JIUIA W TPEIMETH, MPEIHU3HOCTTa IMPHU
yOpaBlieHHe Ha pPo0OTa TMOCPEICTBOM pa3WYHU YCTpoiicTBa W uHTepdelicu. Bceuuku
EKCIIEpUMEHTH Ca MPOBEACHU B PEATHU YCIIOBHS C TOMOIITA Ha POOOTa.
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I'’'TABA 1. JluteparypeHn 0030p.

1.1. Jlepnnnums n kaacugukanus HA CEpBU3HUTE POOOTH.
1.1.1. Jdedunumus 3a pod0OT U cepBU3EH POOOT.

B pesynrar Ha chBMecTHHMTE ycwiaus 3amovyHanu mpe3 1995r., Mkonomuueckara
komucus Ha OOH (UNECE) u Mexnaynapoanata deneparus nmo Poboruka (IFR) [1] ce
aHTa)XHpaT BBPXY CBH3lIaBaHE Ha ONpEACICHHE 3a CEepPBU3EH pOOOT M cXemMa 3a
knacudunupane Ha cepusHute podotu. Criopen ussineuenus ot I1SO cranmgapra 8373 [2]
neUHUIIMKUTE 32 pOOOT U CEPBU3EH POOOT ca:

e PobOore 3aIBUKBAH MCXAaHU3BM, IMPOrpaMUupyCcMm B ABC HUJIU IMMOBCYC CTABU CHC CTCIICH
Ha aBTOHOMHOCT, ABHIKCII] C€ B CBOsATA CpClia 3a Aa U3IIbJIHABA 3aJaiCHU LCJIN. B to3m
KOHTCKCT aBTOHOMHOCT C€ pa361/1pa KaTo CIIOCOOHOCTTA Ja CC€ M3IIbJIHABAT 3aJaJCHH
ey Criopea TCKymoTO CbCTOAHUC U Ha6JIIOII€HI/IC, 0e3 JoBeIlKa HaMeca.

e CepBu3eH pobOT € poOOT, KOWTO M3NBIHSABA IOJIE3HU 3aJaud 3a Xopara WU
o0opyJBaHe € M3KJIIOUYEHHE HA TNPWIOKEHUS B HHAYCTpUAIHATa aBTOMAaTH3ALMS.
Tps6Ba na ce orOenexu, ye K1acupuKausaTa Ha poOOT JaJId € UHIYCTpHAJIeH POOOT
WIN CEPBU3EH POOOT ce MpaBu CIOPE PEIBUACHOTO My IPUIIOKEHHE.

e [lepcoHasneH cepBH3eH pOOOT MIIM CEPBU3CH POOOT 3a IIEPCOHATHO ITOJI3BAHE € CEPBU3CH
po0OT, KOWTO CE M3IOJI3Ba 32 HEKOMEPCHAIHY 3a7a4i, OOMKHOBEHO OT XOpa Ha JIETJIO.
[Ipumepu 3a TakuBa poOOTH ca IOMAIICH pOOOT CEPBUTHOP, ABTOMATU3NPAH HHBAIH/ICH
CTOJI, TIEPCOHAJIEH MOOMJICH aCHCTEHT POOOT M POOOT 3a 3a0aBJICHHE HA JOMAILTHUTE
JTFOOMMIIH.

e [Ipodecronanen cepBuseH poOOT MM CEPBU3EH POOOT 3a MPo(eCHOHATHH MOI3BAHE €
cepBu3eH poOOT 3a KoMepcHaiHu 1eu. OOMKHOBEHO Te3HM POOOTH Ce YyIpaBIsBAT OT
o0yden omeparop. Ilpumepn 3a TakpB poOOT ca MOYMCTBAIl POOOT HA OOIIECTBEHU
MecTa, poOOT 3a JOCTaBKM B OpHCHTE WK OONHHIUTE, poOOT 3a raceHe Ha MOXKapH,
po0oT 3a pexabumuTaIysi, pooOT, U3BBPILIBAIIL ONepaiy B OOTHUIIUTE U APYTH. B TO3M
KOHTEKCT OIepaTop Ha CEpBU3EH POOOT € YOBEK, KOMTO € MPaBOCIIOCOOEH Jla CTapTupa,
HaOJII0/1aBa M MpeKpaTsBa J1a/IeHo JeiicTBUE Ha poOOT Wi poOOTHU3MpaHa CHCTEMA.

PoGotusupana cucremMa € cucTeMa ChCTaBeHa OT POOOT(HM), M3MBIHUTEIEH KpaeH
MEXaHHU3bM U BCSKAKBM JAPYrd MEXaHU3MH, YCTPOMCTBA WJIM CEH30pPH, KOUTO [a
mojArnomarar po0ora, 10KaTo TOM U3MbIIHSABA CBOUTE 3a/1a4H.

BbB Bpb3ka ¢ neduHUIMATA 32 CEPBU3EH POOOT, MAHUMYJIAIIMOHHUTE UHAYCTPUATHH
po0OoTH (KOUTO MOTa J]a C€ MOHTHPAT Ha JaJCHO MACTO WM Ha MOOMITHA TIaTdhopMa), ChIIO
MOTaT Ce pa3riekJaT KaTo CepBU3HH POOOTH, MPHU YCIOBHE, Y€ T€ Ca MHCTAJIHpPaHU B
HETpOM3BOACTBEHN Tmpouecd. CepBU3HUTE pPOOOTH MoraT Jna ca OOOpyIBaHH C
MaHUITyJIaTOp WIM Ja HE ca Oo0OpyJBaHM C TaKbB, KAaKTO B HSIKOW CIIy4yau IIpH
NPOMHMIIUIEHUTE POOOTH. MHOTO 4eCTO, HO HE BUHATH CEPBU3HHUTE poOOTH ca MOOWITHH [3].

B nsxou ciydau, cepBu3HHTE poOOTH CE€ CHCTOSIT OT MOOMITHA TuTaTopMa, Ha KOSITO ca
MOHTHPAHHU €JHa WJIM HAKOJIKO PbUC U CC YIPABJIABAT B CHIIUA PCKUM, KAKTO PHUCTC HA
uHaycTpuaneH pob6otr. OCBeH TOBa 3a pa3iWKa OT CBOUTE HHAYCTPUAIHU aHAJIO3H,
CEepBU3HHUTE POOOTH HE TpsiOBa na ObJAT aBTOMATHYHM WJIM aBTOHOMHH. B MHOro ot
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Clly4auTe Te3W MEIMHU MOoraT Ja MoAroMarar 4oBeka nmoTpeOuTen win aa 0baar Tene —
yIpaBIIsSBaHU.

[Topaau MHOTOOOpa3ueTO HA GOPMHU U CTPYKTYPH, KaKTO U Ha 00JIaCTH Ha TIPUIIOKEHNE
€ TPYJHO JIa Ce HaIpaBU TOYHO ONPECIICHHE 3a CEpPBU3EH pOOOT.

1.2. Pe3rome 1 nporuo3u Ha MexnyHapoanara ®@enepauus no Podoruka 3a
Pa3BUTHETO H NMPOAAKOUTE HA CEPBU3HM POOOTH Mpe3 NOCJIeHUTE T'OJUHH.

1.2.1. Pe3wme 3a nepuoaa 2014-2015 r.

B npoyuBanero Ha MexayHapoaHaTa ¢eaepaunus no poOoTuka, ca AokiaasaHu 707
Opos poboTH3rpanu MoOWIHY MaTdopMu 3a o0ma yrnorpeda, 32% noseue cipsimo 2014r.
[Ipomax6ure Ha pobOTH 3a MpodecuoHanHO MOYUCTBAHE ca ce yaBowiu mpe3 2015r. B
cpaBHenue ¢ Te3u npe3 2014 no nouru 600 6post. Oxoso 568 CTPOUTENHH U pa3pyIIUTEIHU
cucTeMHu ca jgocrtaBeHu npe3 2015r., karo ce mpeanosara ye MpoJaxOUTe ca IMOBeue.
HocraBenu ca 275 cucteMu 3a MHCIEKUMS M NOAJAPBHXKKA U 131 NOIBOAHM CUCTEMH.
[MonBomHUTE cUCTEMHU ca cpel Hall-IIEHHUTE NMPOo(eCHOHaTHN CepBU3HHA pOOOTH ChC CpeHa
1eHa ot okoiyio 0.69 muH. nomapa. OOmara cTOHHOCT Ha MpoaaxouTe € okojo 91 MITH.
Jojlapa, KOETO MpeAcTaBisiBa Jsil oT 2% oT olmara CTOWHOCT Ha MpoJaxOuTe Ha
npodecroHanHu cepBu3Hu podboTH 3a 2015t. To3u Opoif Moke na ObJe 3HAYUTETHO TI0-
TOJISIM.

PobGoture acucTeHTH 3a XOpa B 3aTPYAHEHO IOJIOKEHHE, TPE3 TOCICTHUTE TOANHU
M3MBJIHABAT BCE MOBEUYE OT M3MCKBAHUATA 3a TsAxHaTa padorta. IIpe3 2015r. obmo 4713
pobotn ca mpomanenu, B cpaBHeHue ¢ 4416 mpes 2014 — yBemmuenue ¢ 7%.
MHOroOpoHHTE HAIIMOHATHU W3CJIEIOBATEICKA TPOCKTH B pPA3IUYHU JTbpXKaBU Ce
(doKycupar BBpPXy TO3M OrpoMeH OBJell IMa3zap 3a CEpBU3HM poOOTH. 3a pasivkKa OT
JIOMaKWHCKUTE W pa3BIEKATEIHUTE POOOTH, Te3W pOOOTH ca BHCOKOTEXHOJIOTUYHU
TIPOJTYyKTH.

W3uncnennsta mokaspar, ue npe3 2015t. ca npogaaenn noseue ot 3.7 MITH. pOOOTH 3a
OUTOBM HYXIHU, BKIIOYMTEIHO POOOTH 3a IMOYUCTBAHE, KOCEHE Ha TpeBa, MHUEHE Ha
npo3opuu u Apyru. Koeto e ¢ 11% noBeue otkonkoto 3a 2014r. Peannusr 6poii, obaue
MoKe Jia O'b/ie 3HAYUTETHH MO-TOJIsIM, Thi KaTo npoyuBaneTo Ha MOP He Moxe 1a o0xBaHe
U3LSI0 CBETOBHUSA Mazap Ha pobotu. CToiHOCTTa Ha mpoaaxoute e okoio 1.2 Munuapna
nonapa. B cpaBaenue ¢ 2014r. te ca ce nokauunu ¢ 1%.

1.2.2. Onucanue HA Pa3BUTHETO U MPOGJIEeMHUTE PH CEPBU3HUTE POOOTH 32
MOAIIOMAraHe Ha Y0BeKa.
B 1031 Hay4eH Tpy ce pasriexaar CepBU3HHA poOOTH, KOUTO Jja MOJIIoMaraT Xxopara, KakTo
B TEXHUTE JIOMOBE, Taka W B OOIIECTBEHU CTpajy KaTro OOJTHUIM, My3eH, OPHCH U JpYTH.
Pob6oTtuTe npenHazHadeHu 3a JOMaIIHU MOMOIIHUIIM TPsOBa a MOrar Jia momarat Ha Xopara,
KaTo U3BBHPILIBAT IOBEUETO OT TEXHUTE €KETHEBHU JCHHOCTH.

[Ipe3 mocnegHuTe neceTHneTHs ca pa3paboTeHH MHOTO POOOTH3MpPaHU IIaT(HOPMH,
MOBEYETO OT KOMTO BKIIFOUBAT MOOMIIHOCT, HAKaKBa aBTOHOMHA HAaBUTAIMSA H - HAIIOCIEIBK - U
MaHMITYJIaMOHHU ciocoOHOCTH. CIIUCHKBT Ha 00CTyKBaIuTe poOoTH, M300paszeH Ha ¢ur. 1.5
Jlaned He € 3aBbpIICH, TOKa3BalKKi caMO TE3U C MO-ClI0KHA (PyHKITMOHAIHOCT. TpyaHo e obaye
Jla ce HaMepAT TIaTGOPMH 32 CEPBU3HU POOOTH, KOUTO OCBEH TOBA ChIBPKAT CIIOCOOHOCT 32
BU3MA C paslo3HaBaHEe Ha OOEKTH, paslO3HaBaHE Ha JKECTOBE M MOJEIHMpaHE Ha CLEHH,
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M34YepIiaTeTHU Pa3ChKIACHUS U IUIAaHWPaHE Ha KOMIIOHEHTH M pa3pab0TBaHe Ha KOHIICTIIIMM 32
B3aUMOJICHCTBHE HA TTOTPEOUTEITUTE.

[ToBeueTo oT Te3u poOOTH ca OOIIH: TE ca YUCTH TUIaT(GOopMU 3a pazpaboTKa ¢ MaIbK aKIIEHT
BBPXY CBBP3aHUTE C KpPaliHUs MOTPEOUTEN BHIPOCH KaTo JAM3aliH WK u3noi3BaeMocT. lenra
€ Ja ce pa3paboTu IUIOCTHA KOHIICMIMS, MOAXOMAAIIA 33 MPOIYyKTOBA BU3UA, ChUeTaBalla
TOPENOCOYCHUTE TEXHOJIOTUYHH ACTIEKTH C KOMIIAKTEH U JIECEH 3a M3MOJI3BaHe JU3aiiH.

TexHuueckure CpcacTBa MO3BOJISIBAT HAa BB3PACTHUTE XOpa W XOpaTa € YBPCKIAAHUA [a
KHUBECAT HE3aBUCUMO B CBOUTEC IOMOBEC, aKO TC ITOXKEIIAAT. HMmenHo CCPBU3HUTC pO6OTI/I ca TE31
TCXHUYCCKHU CPCACTBA, KOUTO Jida U3IIbJIHABAT TC3U (I)yHKI_II/II/I [7] Tesu p060TI/I Morart ga B3€Mat
W HOCAT pa3IMdHU MPCAMCTH WA Ja U3IIBJIHABAT APYTrU 3aJa4U 3a IOAIIOMAaraHe Ha Xxoparta.
€TO 3a1Io pO6OTI/I3I/IpaHI/IHT JoMalI€H aCHUCTCHT TpSI6Ba Ja MOXC Ja H3IIbJIHABA CICIHUTC
3aJa4u:

- JlomMakuHCKHU 3aJ1a4u:
e Bsumane u HoceHe Ha 00€KTH, HAIPUMEP KHUTH, JIEKapCTBa U JIp.;
e [loamomaraHe npu xBailaHe, HOCEHE U BAWIaHE Ha MPEIMETH;

L4 I/ISBLpH_IBaHe Ha C)KCAHCBHU 3a/1a4M KaTO CCPBHUPAHC HA HAIIUTKU, IPUT'OTBAHC
Ha Macara, pa60Ta C MHUKPOBBJIHOBA IICUKA, ITPOCTHU 3aJa4U 3a TIOYHUCTBAHC,

e KoHTpoa Ha [oMamHaTta WHPPACTPYKTypa, HAOpUMeEp OTOIUIMTENIHATA
CUCTEMA, KIIMMAaTHK, OCBETJIICHHUE, IPO30PLIM, BpaTH, ajlapMeHa CUCTEMA U JIp.

- IloMour pu ABUKEHHUE:
e [loamomaraHe mpu cTaBaHe OT JIETJIO UJIU CTOJI;
e llgTenuredTeH NOMOIIHUK 3a XOJICHE.
- KOMyHI/IKaTI/IBHOCT 1 COIIhaJIHa I/IHTGFpaIII/ISII
e VmpaBiieHHE HA MEIUWUHUTE YCTPOUCTBA (TEIEBU3HS, CTEPEO U JIP.);
e  MeHWDKBp 3a HAIIOMHSHE (BpeMe 3a NMPUeM Ha JICKapcTBa U JIp.);
L] Hamop Ha ) KU3HCHUTEC ITOKA3aTCJIN U CIICIIIHO ITOBUKBAHCEC.

Ot cera u B OpAemie poOOTUTE IIe HU MOMOTHAT Jia C€ BH3CTAHOBHUM CIIE/ yJlap, KaTo
3aMEHST TeXKaTa pabora Ha pexabumurtaropure. Karo ce mobaBiar u (akropure Karo
MOBTOPSIEMOCT, TOYHOCT M H3IPBKIUBOCT, POOOTHTE MOraT Jia ce MPEBbpPHAT B MO-T00pH
CHCTEMHU 3a pexaOWIHTAIHs, & CAMHUTE PEXaOMITUTATOPH J1a OTPEACTIAT METOANTE 32 JICUCHHE
Ha manueHTuTe. B kpaiiHa cMeTka Te OmMXa MOTJIHM J]a c€ HacodyaT KbM JIeTJIIOTO, HIIH JOpH Ja
3amenst ncuxuatpu [11] [12].

I'JIABA 2. AaropurvMu 3a ynpapjieHHe, HABUTallUsl M JIOKAJIM3ALUSA H
KOMIIIOTBPHO 3peHue.

2.1. Onucanue Ha XapaKTePUCTUKUTE HA MOOWIHHUS PoOOT 32 MOANOMAraHe Ha YoBeKa

Pobota BbpXy, KOMTO ce MpOBEXJAT BCUUKU U3CIEABAHUSA U €KCIIEPUMEHTH € CHEelUaTHO
Ch3/1aJIeH 3a yueOHHU U u3caenoBarencku nenu (¢urypa 2.1). CbcraBHUTE MOAYJIH Ha poOoTa
ca MoOwiHa ratgopma, antpornomopdna podoruzupana ppka POBKO 01, aBa koHTpOosepa 3a
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yIpaBlIeHUE Ha eJIEKTPOMOTOPUTE Ha Tuiatdopmara u pbkata, KuHekT ceH30p, HHppayepBeHH
U YITPa3BYKOBH CEH30pH U OaTepuu.

Queypa 2.1 Cepsusen mobunen pobom
Ha ¢urypa 2.2 e noka3aH npuHIIMIIA HA yIpaBJIeHUE HA TUPEPESHIIMATHO PA3MOI0KCHUTE
KoyieJa. AKO M JIBaTa MOTOpa C€ BBPTAT C €JHAKBa CKOPOCT, POOOTHT 1€ CE JBUXKH MPABO
HampeJ Wid Ha3ad. AKO MOTOPHUTE C€ BBPTAT C pa3iMyHa CKOPOCT, TOTaBa pOOOTHT IIIE CE
JBUKH IO TPACKTOPUS € ompeeieH paanyc. M Korato MOTOPUTE Ce BBPTSAT C €AHAKBA CKOPOCT
B IIPOTUBOTIONIOKHU TTOCOKH, pOOOTHT III€ c€ BHPTH OKOJIO IIEHTHPA CH:

e JIBmKeHHE MPpaBo HANpPEI/Ha3aa: VL = VR, VL >0
e JIBmxkenue 1o gageHa tpaekropus: vL > vR, e.g. vL = 2vR
e Bwprene Ha mscto: vL =—VR, vL > 0.

I REE
= = .= =

STRAIGHT TURN LEFT TURN RIGHT SPIN IN ITS POSITION

Queypa 2.2. Jlughepenyuanto ynpasnenue
2.2.0nepanuonna cucrema ROS

ROS (Robot Operating System) [35] e MmeTa-onepanmoHHa cucTeMa, KOSTO UMa 3a IIelT Ja
OCHUTYpH EIMHHO peIICHHE Ha copTyep 3a pa3iuuHH BHIOBE poOOTH. TepMHHBT MeTa-
OIlEpallMOHHA CHCTEMa O3HAyaBa, Y€ BeYe KMMa HMHCTAIMpaHa OIEpaldOHHA CHCTEMa Ha
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xapayepa 1 ROS e umHCTanmupaHa BBpPXY Ta3HW ONEpallMOHHA CHUCTeMa. 3a MOMEHTa Linux
muctpubdynuara Ubuntu e onepanonHaTa cucteMa, KosAaTo noaabpika usipsiio ROS.

ROS ce crcTom oT Tpu HUBa: (aliJIOBO HUBO, U3UHUCIUTEITHO HUBO U HUBO OOIITHOCT.
2.3.HaBuramus v JOKaJIU3aLHA

HapuramyoHHuTe CUCTEMH 3a MOOUITHH pO6OTI/I CC HYXIAAT OT AOCTATBYHO HAACKIHO
HU3MCPBAHC HaA TCEKYIIOTO MCCTOIIOJIOXKCHUC Ha p060Ta U OpCliM3Ha KapTa Ha 30HATa 3a
HaBuranus. Te3u cucTemMu ce pa3aciiaAT Ha IBC HUBA HA YIIPABJICHUC!: ri00aiHo IJIaHUPAHC Ha
I'bT U YHPABJICHUC HA JIOKAJTHOTO ABUKCHUC.

JlokajaHHUTE HABUTAI[MOHHHU CHUCTEMHM ca CIOCOOHU J1a M3YHCISABAT HOB BT B CJIEJICTBUE HA
MPOMEHH B cpeaara. Te3n CHCTEMH MOXKE J1a Ce pa3/eisaT Ha J(Ba MOAXO0J]a, CAHHUAT € 32
IIOCOKMTE, a Apyrudar € 3a yckopenusra [40]. Ilonxoaute 3a onpezensHe Ha IOCOKAaTa KaTto
MeToAa 3a MoTeHIuana Ha mojeto [41], BUpTyanHOTO mose Ha cuiaute [42], KOUTO ce
pasrppuiaT A0 XUCTOrpaMa Ha BEKTOPHOTO moje [43] W anropurbM 3a Jauarpama Ha
pascrosausitTa [44], ompeaenar mocokara, Mo KOSITO poOoThT ce aBwxku. [logxonure 3a
yckopeHwue B npoctpanctBoto karo Curvature Velocity method [45], Lane Curvature method
[46] 1 Dynamic Window method [47], u3nbiaHsaBaT QyHKIMM 32 HAMUpPAHE HA MPaBUJIHUTE
KOMaHIIM 3a YIpaBleHHEe Ha po0OoTa KAaTo TPAaHCIAMOHHOTO M POTAIIMOHHOTO YCKOPEHHE
JTMPEKTHO BBPXY MPOCTPAHCTBOTO.

3a peanu3upaHe Ha HaBUTAIIMOHHATa CHUCTEMa Ha pobOora m3mon3Bame meroga SLAM
(Simultaneous Localization and Mapping) — eaHoBpeMeHHa JIOKaIu3anus 1 kaprorpadupane
[48]. SLAM npouecsT (urypa 2.8) ce ChCTOM OT HIKOJIKO CThIIKKA. OCHOBHATA I1€JT Ha TIpolieca
€ M3M0JI3Ba JaHHUTE OT cpefiaTa, B KOSTO ce€ HaMHpa poOOTHT 3a J1a ONPECHIBA MO3UIIHITA MY .

Laser Scan

|
—l Landmark

Odometry change Extraction

l ..

EKF Data

Odometry update Association

.

EKF

Re-observation

!

EKF

[y

New observations

Queypa 2.3. Ipunyunna cxema na SLAM npoyecvm

2.3.1. Kondurypauusi Ha JaHHUTe OT ceH3opuTe B cpeaara Ha ROS

Uerenero u myOauMKyBaHETO Ha MaHHHUTE OT ceHzopute upe3 ROS [49] e BaxHO 3a
MPaBIWJIHOTO W 0O€30MacHO M3I0JI3BaHE HAa HAaBUTallMOHHUA MakeT. ChIIEeCTBYBAaT MHOI'O
CEH30pH, KOUTO MOTAT Jla ce M3MOJ3BAaT 3a MpeAoCTaBsHe HAa HHGOpMaIUs HA HABUTALIMOHHUS
MakeT: Jla3epHU CKEHEpPH, KaMepH, YJATPa3BYKOBH CEH30pH, HWH(pauepBEHH CEH30pH,
€JIEKTPOMEXaHUYHH CEH30PH U JAPYTH.

Asmopegepamu Ha ducepmavuu 4 (2017) 17-59



28 [leHnuc YnkypTtes

3a poboTu ¢ azepHu ckeHepu, ROS npegoctaps creruaieH THI ChOOIIEHHE OT MaKeT ChC
croOmeHusTa, HapeueH LaserScan. [lakeTsT KoWTO IpenocTaBs B3MOxkHOCTTa HA ROS na ce
CBBP3Ba M OOMEHSI IaHHH C IBJIOOYMHHU CEH30pH C€ Hapu4ya openni_camera. Tornwumwure, OT
KOUTO CE HY)KJaeM ca 3a IhJI0O0OYMHHUS ceH30p Ha Kinect-a:

2.3.2. HaBuranmonen nmaker 8 ROS

Hauranuonnusat naket B ROS e npocT npoliec Ha KOHLENTyaaHo HUBO. Toll B3eMa JaHHU
OT OJOMETpUsATa U CEH30PHUTE CUCTEMM M BpbIla KOMAHJU 3a YCKOPEHUETO KaTO U3XOJEH
CUTH&JI 3a YIpaBleHHMe Ha MoOwiHata Iuiatpopma Ha pobota. IlpunoxeHuero Ha
HaBUTALMOHHUS MaKET BbPXY MPOU3BOJIEH POOOT 0bade € J0CTa CI0XKHA 3a/1a4a.

S Navigation Stack Setup
move_base ‘ “/map"

Y Y nav_msgs/GetMap map_server

amc| — global planner <— global_costmap

7
sensor transforms it internal < ' __sensor topics A o
tfitiMessage nav_msgs/Path recovery_behaviors Ss:::g::nr?:gss#;snetrcslgzg
odometry source —___"odom’_ » local_planner <«— local_costmap

nav_msgs/Odometry

"emd_vel" [geometry_msgs/Twist

Y provided node

optional provided node

platform specific node
CDuzypa 2.4. HpuHuunHa cxema Ha pa6omama Ha Ha@uzaquHHuﬂ nakem

HaBuranuoHHus makeT M3MCKBa OT poboTa na myOnumKyBa WH(OpMANUATA 33 BPH3KHUTE

MEX]Ty KOOPJAMHATHUTE PAaMKH KaTO Ce U3Io3Ba onbnmmnoTekara ,,tf™ [50].

‘ base controller

2.3.3. Undopmanus oT ogoMeTpUsITA

OnomeTpusiTa € MHOTO BaXKEH METOJI, U3TOJI3BAH 3a M3YUCIISIBAHE HAa TEKYIaTa MO3UIKs Ha
MOOWIHHN cucTeMH. KOJIKOTO MO TOYHU ca OJOMETPUYHHUTE JIaHHM TOJIKOBA IO JOOpH ca
TOYHOCTTA W MPEIM3HOCTTA Ha MO3UIIMOHUpaHe. Peanu3nupan e anropuThM 3a U3UHCIIIBaHE Ha
OJIOMETPUIHUTE JIAHHH.

Omnuncanue Ha aJiropurbMa:

e 3uncnasBaHe Ha U3MHUHATaTa JUCTAHIIMS 3a BCSIKO KOJIEIO IOOTICIHO B MCTpPHU:

left_distance = (current_left_encoder _ticks - last_left_encoder_ticks) /
LEFT_TICKS_PER_METER
right_distance = (current_right_encoder _ticks ~ —  last_right_encoder_ticks)  /

RIGHT_TICKS_PER_METER
last_left_encoder_ticks = current_left_encoder_ticks
last_right_encoder_ticks = current_right_encoder_ticks

e 3uncnaBane Ha 00O U3MUAHATATA TUCTAHIIUA:
distance := (left_distance + right_distance) / 2.0

e HM3zuuciasBaHe Ha 3aBbPTAHCTO HA p060Ta:
theta := theta + (left_distance — right_distance) / DISTANCE_BETWEEN_WHEELS
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L] Onpez[emIHe Ha ceraliHaTra Imo3uiius
X := X + distance * cos(theta)
y :=y + distance * sin(theta)
TE3W M3YUCICHUS ca HeoOXoauMu Ha OmbimmoTekara ,,tf'‘ 3a ma Moke Ja ce peaau3upar
(YHKIIMUTE 32 FTeHEpPHpPaHe Ha ITBT M 32 YIIPaBJICHHE HA MOOMITHATA I1aThopMa.

2.3.4. YupasJjeHnue Ha mjaaTdopmara

HaBI/IFaI_II/IOHHI/IHT MNakKeT MOXE na u3Ilpama KOMaHIUW 3a CKOPOCTTa KaTO H3IO0JI3Ba
geometry msgs/Twist message, Npu TOJOKEHUE, Y€ BCHYKO € CHHXPOHU3HUPAHO C
KOOpJAnuHAaTHATa paMKa Ha p060Ta Ha TOITMKa cmd_vel. ToBa O3Ha4daBa, 4€ Tp5{6Ba Ja uMa BB3CII,
KOHUTO Ja I10JACKa3Ba Ha Cl’Ild_Vel TOIIMKA, Y€ MOXKC 1a IpHEMa MMapaMCTpUTEC 3a CKOPOCTTa U Ja
' npeo6pa3yBa B KOMaH/JIK 3a MOTOPUTEC, KOUTO 4 U3IIpallad KbM MOOMIIHATA HJIaT(I)OpMa (VX,
vy, vtheta) <==> (cmd_vel.linear.x, cmd_vel.linear.y, cmd_vel.angular.z).

AnTopUTHEMBT 3a IOJ00psBaHE HAa HAaBUTAIMATA HAa poOoTa e mokasaH Ha ¢urypa 2.10. B
HAYaJIOTO Ha aJIrOPUTHhMA € 3apeXkJlaHe Ha KapTaTa Ha cpejiaTa Wi Ch3JaBaHe Ha HOBA KapTa
aKo cpejaTa € Hermo3Hara. AJropuThMa 3a H3UHCIISIBAHE HA BT € M3MOJI3BaHKS B U3KYCTBCHUS
UHTEJIEKT alropuThM A*, KOMTO BUHArW HaMHUpa Hal-KPaThK BT 10 LENTA.

Open/build map

L Find current

position
R
L Find desire Calculate and
destination generate path
— !

Start moving

4

gheck position ars
orientation

Continue moving

Reach the target

Queypa 2.5. Ancopumvm 3a onmumusupane Ha HABUSAYUIMA
2.3.5. Kaprorpadupane - Mapping

Ta3u ¢yHKIMs ce M3MON3Ba 3a Ja ce ch3gaBaT W 0OpabOTBAT KapTH Ha cpenata. T4 e
M3KIIOYUTEIHO TI0JIE3HA 32 HaBHUTanuATa. BCHYKM KapTH MoraT Ja ce H3MIO0J3BaT OT
HAaBUTAIMOHHUS TAKET 3a Jla Ce IOCTUTHAT MO-IA00pW pEe3yNTaTH TNPH OPHEHTHpPAHE H
no3uimonnpane. Ha ¢urypa 2.11 e moka3aH kapra Ha €IHO OT CKaHHPAHUTE IMOMEIICHHUS,
HarpaBeHa B PbUYCH PE3UM Ha CKaHHPaHE — yIpaBisiBAME PoOOTa € JPKOWCTHK.
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Queypa 2.6. Kapma nanpasena om poboma.
Kaptara ce renepupa xaTo poOOTHT 00X0XK/1a M CKaHHpa JKeJlaHaTa cpesia. 3a Ch3aBaHe Ha
camoara KapTa ce IpukH Hoja “‘slam_gmapping”.

2.3.6. Jlokanu3anus 4 pa3no3HaBaHe HA MOMeNIeHUs U CTPaau

OcHoBHaTa ujest Ha Ta3| pa3paboTKa € MPH CTapTHpaHe pOOOTHT Jja HAIPABU CKaHUPAaHE
OT MSCTO Ha 3a00MKaJAIIaTa IO Cpela U OT 3aCHETOTO Jia pa3depe KakBa € Heropara TOYHA
MO3UIIMS B TOMEIICHUETO, B KOeTO ce Hamupa CIie1 TOBa CpaBHsIBa HalpaBeHaTa KapTHHA JTajIH
CBBIIaJ]a C HAKOS OT MPEBAPUTEITHO HANPABEHUTE KAPTH, HAMHpAIIU ce B 0a3zaTa JaHHH Ja
pobora.

2.3.7. AJroputrnbM 3a CKaHWpaHe NMPH CTAPT.

B ocHoBata Ha anropuTbMa cTou makera ,,gmapping“ [51]. To3u maker HM naBa
BB3MOKHOCT J1a peanuzupame SLAM mporiec, kaTo u3noi3Bame ja3epHus ckenep Ha Kinect
ceHsopa. ,,slam_gmapping* e uMeTo Ha Bb3eJa B ONEpallMOHHATa CUCTEMa 3a poOOTH, Upe3
KOHTO MOKEM Jia Ch3JjaBaMe JIByMEPHH KapTHHU HA IIOMEUICHUTA. 3a Ch3AaBaHe HA TE3U KapTu
ce M3MO0JI3BAT JAHHUTE OT Ja3epHUs CKeHEp U MO3MLUATa Ha poOoTa.

ITocneroBaTeTHOCTTA Ha M3IIBIIHEHUETO Ha OTISTHHUTE 3a/1aull B aJITOPUTHMA 32 CKAaHUPAHe
IpH CTapTHUpaHe Ha poOoTa ca KaKTo CIIeBa:

BxitouBane Ha poOoTa

CrapTupaHe Ha MakeTUTe gmapping u navigation stack

3aBbpTane Ha poboTa Ha 360 rpagyca 3a 1a ckaHupa

CpaBHeHHUE Ha CKaHMpaHaTa Kaprta ¢ 0a3aTa JaHHU

AKO UMa ChBIaJIeHUE — IPEMHUHABA B PEKUM Ha TOTOB 3a padboTa

AKO HsIMa CHBITaJICHHE — CTAPTHPA MPOIIEAYypa MO CKaHUPaHE Ha HOBOTO
MOMETIIEHUE

Cren mpuKIIFOYBaHE HA HOBOTO CKaHMpaHE ce 3alaMeTsiBa HoBaTa KapTa

PoGota oTnBa B M3X0/1HA MTO3UIUS B PEKUM TOTOB 32 padoTa.

[Ipu craptupane Ha poOOTa TO3M ANTOPUTHM CE aKTHBHpA aBTOMATHYHO aKO HE MOJaJIeM

HHMKaKBH KOMaHJIHU Ha p060Ta 10 CCKyHIHU CJIC] CTapTa.

AN N NN

AN

2.3.7.1. CpaBHsiBaHe Ha HOBATa KapTa C 3allaMeTeHUTe KapTH.

3a na ce peaqu3upa HAyaJHOTO CKaHUpPAHE, C€ HU3IO0J3BAaT €JHOBPEMEHHO NaKeTUTE
gmapping u navigation stack. Koraro po6oTta HampaBu CKaHHpaHETO MOJy4eHaTa KapTa ce
CpaBHsBa C MPEIBAPUTEIIHO HAIIPABEHUTE KapTH 3allaMeTeHu B 0a3aTa JaHHU Ha poOoTa.
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[Ipu HamupaHe Ha CBHBIAJCHHE POOOTa TpEKpaTsBa NpoOIeaypaTa 1O CKaHWpPAHE Ha
MOMEIICHUETO ¥ TPEeMUHAaBa B PS)KUM Ha OYaKBaHE Ha 3aJ1a4 OT MoTpedutes. B To3u cioyyaii
MakeTa gmapping ce cupa u poOO0Ta 3armoysa Ja ce yrnpasisBa caMo oT navigation stack.

2.3.7.2. PexxuMm Ha 3amuc Ha HOBA KapTa.

Koraro To3u pexum ce akTuBHpa podoTa 00X0k/1a TOMEIICHHETO, B KOETO C€ HaMHUpa KaTo
B TOBa BpeMeE € aKTHBUPaH MaKkeTa gmapping 3aeIHO C HAaBUTAIIMOHHUS nakeT. PoboTa ce nBku
JIOKATO HE IOJy4YH I'bJIHA KAPTHUHA HA NOMELIEHUETO, CIIeJ KOETO C€ BpPbIlIA B U3XOAHATA CU
no3uiusi. HoBo-ckanupanara kapra ce 100aBsi KbM 0a3aTa JaHHU Ha po0OTa U ce ACaKTHUBUPA
nakera gmapping. To3u eram OT anropuTbMa Bce OIIe € B MIpOIEeC Ha pa3paboTBaHe U
€KCIIEPUMEHTH.

2.4 Kopurupasne Ha 0JJOMeTPUYHHU I'PELIKHU

OnomMeTpusiTa ce OCHOBaBa Ha YpPaBHEHHS, KOMTO CE M3YHUCISBAT CPABHUTEIHO JIECHO U
M3M0JI3BaT JaHHU OT €HKOJCPUTE Ha BCAKO OT Koyenara. Bee mak omoMeTpusita pa3yura Ha
NpPE/CTaBsIHETO, Y€ O0OpOTUTE Ha KoJjejgara MoraT Ja ce IpeoOpa3yBaT B JIMHEHHO
pEeMECTBaHE CIPSIMO I0/1a.

3a ;a ce U34MCIM U3MUHATOTO Pa3CTOSIHUE HA €HO KOJeslo TpsbBa jJa ce mpeodpaszyBar
UMITYJICUTE OT €HKOJIepa B JIMHEHHO MpeMecTBaHe (Cp,):

¢m = D, /nC, ;
Ksaero, D,, — nuamersp Ha KosenoTo; C, — pe3otonusi Ha €HKOAepa; N — NpeaaBaTeIHU
YHCIIO Ha PEIyKTOpa MEXIy MOTOpa M KOJIEIOTO;

Taxka CJICA KpaTbK HMHTCPBAJI 1 CHKOACPHUTC Ha IABCTC KOJICJIA IIOKA3BAT HATPYIIAHUTC
HUMITYJICH 3a BCAKO KOJICIIO NL u NR . CJ'IC,Z[ TOBa 06]].[0T0 HU3MHUHATO PAa3CTOSAHUC 3a BCAKO KOJICIIO
c:

AUL; = cymNy1; AUgp = cyNg ;5

{W}

Queypa 2.1. Ilapamempu na ooomempuama.
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2.4.1. KopurupaHe Ha CHCTeMAaTHYHHUTE I'PEIIKHU.

OcHOBHUTE I'PEIIKH, KOUTO OKa3BaT BIMSHUE ca: pa3jiyKa B AMaMeThpa Ha kosenara (E;) n
HEee/IHAaKBOCT Ha KoJlecHaTa Iuiargopma Ha pobota (Ej). Kopurupanero Ha rpemkure crasa,
KaTo c€ M3MEpPH TAXHOTO BIMSHHE BBPXY MOBEACHHETO Ha poOOTa, Cilel KOETO TOBa Ce
KOMIIEHCHpa co(pTyepHO IpU TeHEpUpaHe Ha YIPaBISABALIUTE CUTHAIA KbM MOTOPHTE.

Kakro e mokaszano B [54], rpemkara E;, ce mposiBiBa camo, KOTaTo MMame 3aBHUBaHE, a
rpemkata E; oka3Ba CBOETO BIUSHUE BBbPXY JIBMKEHHETO Ha muiaT¢opmara, KOraTto T ce
JBUKU HanpaBo. Ey, u E; ca Hen3aMepuMu CTOMHOCTH, U3Pa3€HU KaTO MPOLIEHT OT HOMUHAJIHATA
cToiHOCT. MoxeM aa neduHupame:

E; = D./Dg ;
Kwaero D; u Di ca ChOTBETHO ACHCTBUTCIHUTE AUAMETPH Ha JIIBOTO M JSICHOTO KOJIEIA.
ChI110 Taka MOXEM Jia iehuHHpame:

Ep = bactuar/bnominai i
Kbnero b e Mmexayocuero Ha MoOMIHATA TUIaT(opma.

2.4.2. KopurupaHe Ha HECHCTEMATHYHHTE I'PEIIKHU.

[Tonexe cieneHo 3a OTKJIOHEHHE C€ CIIyuBa B pPeaJHM BpeMe TyK HE ce Hajara jJa ce
M3YMCIABAT ONPENIEICHU IPELIKH, a C€ MPUIara alfOpUThbM 32 KOPUTHPAHE HA MO3ULUATA HA
po6ota. To3u anropursM e qo6aBeH kato 4act oT SLAM mporieca, KaTo OCHOBHATa My IIET €
Ja moAoOpu IUIOCTHATa paboTa Ha HAaBHTallMOHHATA CHUCTEMa Ha poOoTa. ANTopuTbMa €
nokazaH Ha ¢urypa 2.13, karo ocHOBHaTa My (PYHKIUS € NPH HU3MEPEHO OTKIOHEHHUE B
OpHEHTAIMTa WM JIBH)KEHHUETO Ha po0oTa, Ja ce KOPUTHpaT Te3W OTKJIOHEHHs KaTo ce
perynupar IOMbIHUTEIHO YCKOPEHHUATA M CKOPOCTUTE KbM MOTOPHUTE Ha KOJIeNaTa.

A 4

Start moving

Wrong_~Check position an

orientation

Correct <

A

Continue moving

Reach the target

Quzypa 2.8. Anecopumvm 3a Kopueupame Ha HeCUCMeMamuyHume 2pewiKil 8 peaino epeme.
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2.4.3. KopurupaHe Ha CHCTEeMATH4YHATa OJOMeTPHYHA IpeliKa Ype3 CeH30p 3a
OpMeHTalUs U yCKOpeHue

3a ga ompeAeTuM CHCTEMAaTHYHHTE TPEIIKH HW3IOJI3BaMe MPHUHIMIA Ha JBYIOCOYHOTO
00X0JKIaHe Ha BT BB popMaTa Ha KBajapaT. Pobora e nmporpamupan jaa npasu 90-rpaaycoBu
3aBOM MO MMOCOKA Ha YaCOBHUKA U 00paTHA Ha yacoBHUKA (dur. 2.14).

:iqj‘:»%rward .............. = ___;-
[End == 6

Executed trajectory

L Pre-programmed
I | square path, 3m x 3m

@uzypa 2.9. Obxoxcoane na nom 6v6 popmama Ha Keaopam.

Crnen npoBexJaHE Ha TO3U EKCIIEPUMEHT C€ YCTAaHOBH, Y€ U3II0JI3BAHETO HA JAHHUTE OT
€HKOJIEpUTE HE € J0CTaThYHO aKo MCKaMe Jla U3MEpBaMe NPELU3HO MO3ULHUATAa Ha poOoTa.
[Tonyuenara rpelika e rosisiMa, opajid HEPaBHOCTHU Ha 10Jja U OOKCYBaHE Ha KoJieaTa B HAKOU
MomeHTH. [lopamu ToBa moOaBuxMe BrpajieHo m3mepBareiaHo ycrpoiictBo (IMU) [55] keMm
pobora.

2.5. KoMnoThpHO 3peHue
2.5.1. CuBmectumoct Me:xkay ROS u OpenCV

Hamusat po6ot ce kontposmmpa ot ROS. Hanwie e vision _opencv cTek, KOHTO OCHTypsiBa
ornakoBane Ha OpenCV oOubnuorekarta 3a ROS. Vima nBa OCHOBHU MakeTa 3a U3MOJI3BaHE Ha
OpenCV B ROS:

e cv_bridge: ocurypsisa mocT Mexay ROS u OpenCV 3a usmnpaiiate u mojxy4aBaHe Ha
CBHOOIIEHNS;

e image geometry: Habop Ha MeToaM 3a paboTa C TEOMETpHUs Ha H300paKCHUS U
TTHKCEJIH.

OpenCV OpenCV cv::Mat

!

;

CvBridge
3
hJ

ROS Image Message

ROS

Quzypa 2.10. komynuxayus mexncoy ROS u OpenCV
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Image geometry [58] cwhabpka Oubmamoreku Python m C ++, kouTo ompoctsBat
TC€OMETPUYHOTO THIKYyBaHE Ha N300paKeHHs Upe3 mapaMeTpure oT sensor_msgs / Cameralnfo.

2.5.2. Hamupane / pa3no3HaBaHe Ha 00eKTH

KakTo kazaxme mo-paHo Haliata CHCTEMa 3a KOMIIOTBPHO 3peHHe BKiIrouBa Kinect u
ctepeo kamepa. Kinect-pT uma RGB kamepa, ko510 n3noi3Bame 3a pa3no3HaBaHe v CEH30D 3a
IBI0OYMHA, 3a J1a M3MEpUM pa3cTossHUEeTo 10 obekta. VideoCapture Moke aa H3TErau
CIIEIHHUTE JaHHM:

a. JlanHuTe, MafieHu OT reHepaTopa Ha IbI00YHMHATA!
o CV_CAP_OPENNI_DEPTH_MAP - nJbpn0OYMHHM CTOHHOCTH JAJCHH B
muumetpu (CV_16UC1);
CV_CAP_OPENNI_POINT_CLOUD_MAP - XYZ B metpu (CV_32FC3);
CV_CAP_OPENNI_DISPARITY_MAP - HecbOTBETCTBUE B IHKCEIUTE
(CVv_8UC1);
o CV_CAP_OPENNI_DISPARITY_MAP_32F - HechbOTBETCTBUE B MUKCEIUTE
(CV_32FC1);
o CV_CAP_OPENNI_VALID_DEPTH_MASK - macka Ha BalHIHU MUKCEIU
(ue e ckpuTa, He € 3aceHuena u T.H.) (CV_8UCI).
b. Jlannu, nanenu or BGR reneparop Ha n300pakeHUETO:
o CV_CAP_OPENNI_BGR_IMAGE — ngerno uzoopaxenne (CV_8UC3);
o CV_CAP_OPENNI_GRAY_IMAGE — cuBo u3obpaxenue (CV_8UCI).
3a na pasno3HaeM 0O€KTHTe, IoJlydaBaMe KpauiaTa Ha cueHara. Cieq ToBa cucTeMara
Thbpcu KOHKpeTHH ¢opmu. CroiiHocTra L Chabpika CTOMHOCT 3a JIeKOTa Ha BXOJHOTO
n3o0paxeHue, KpaeTo L ce n3uncisBa, KakTo € MoKa3aHo:

L= max(R,G,B)+min(R,G,B)
= . :

K’BI[CTO Le cpeaHarTa CTOﬁHOCT, Re YCPBCHUAT KaHAJI Ha BXOJAHOTO I/I306pa)KCHI/IC, Ge
3CJICHUAT KaHall Ha BXOJHOTO I/I306pa)KCHI/IC u B e cuHUAT KaHaa Ha BXOJHOTO I/I306pa)KCHI/IC.

2.5.3. Hamupane / pa3no3HaBaHe Ha LA

Pa3no3naBaHeTo Ha JUIA KaTO IUIO M Pa3lO3HABAHETO HA MPUIBHKBAHETO HA XOpa B
€CTECTBEHH CIICHH TO-CIEIMAIIHO M3MCKBAT HA0Op OT BU3YaJIHHM 3aJadd, KOUTO Ja ObIaT
M3ITBJIHEHH C TOJIIMa CTeTeH Ha pobacHocT [59].

[Tokazano e ot JleitBun Xyo6en u Topcren Yeiins [60], ue MO3BKBT HU UMa CHICIIUATTU3UPAHU
HEPBHU KJIETKH, KOUTO OTrOBapsT Ha CHEUU(UYHUTE MECTHH OCOOCHOCTH Ha CIIeHa, KaTo
JIMHUH, p’b6OBe, BI'JIN UJIN IBUKCHUC.

Enna ot mbpBUTE aBTOMaTU3MpaHU CUCTEMHM 3a pa3llO3HAaBAaHE Ha JMIla € onucaHa B [61]:
MapKepHHUTE TOUYKH (TIOJ0KEHUETO Ha OUUTE, YITUTE, HOCA, ) Ca M3MOJI3BAaHM 33 U3TpaKJaHe Ha
BEKTOp Ha QyHKUUSA (Pa3CTOSHUE MEKIY TOUKUTE, BI'bJl MEKIY TsX, ). Hikou oT Hali-HOBUTE
pa3pabOTKX HAa TEOMETPUYHOTO Pa3l03HABAHE HA JIUIIA Ca 3BBPIICHHU B [62].

2.5.3.1. OTtkpuBaHe Ha JIHLA.

OpenCV Bede chabpka MHOTO MPEIBApUTETHO OOy4YeHH Kiacu(puKaTopw 3a JIMIe, OYH,
ycmuBKa u ap. Tesu XML daiinose ce cbxpansBar B mankarta opencv / data / haarcascades /.
Ja cw3nagem nerextop Ha uue u oun ¢ OpenCV.
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[IepBO TpsiOBa ma 3apeaum HeoOxomumure XML kmacudukaropu. Cien ToBa 3apename
BXOJHOTO M300pa’keHHE (MJIM BUICOKIIHIA) B PEKUM HA CUBOTO..

face_cascade = cv2.CascadeClassifier(‘haarcascade_frontalface_default.xml')
eye_cascade = cv2.CascadeClassifier(‘haarcascade_eye.xml')

img = cv2.imread('sachin.jpg')

gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

Cera oTkpuBame nuiaTa B obpasza. AKo ce HaMmepsAT JIMla, TO BpBIIA MO3UIUUTE Ha
oTKpuTuTe Tula kato Rect (X, y, w, h). Cinen kaTo moay4uM Te3u MECTOIOIOKEHHUS, MOXKEM Ja
cb3nazeM ROI 3a nuuero u fa npuiiokuM oTKpuBaHe Ha ounte Ha Ta3u ROI (Thil kaTo ounre
ca BUHAru Ha JIULETO).

faces = face_cascade.detectMultiScale(gray, 1.3, 5)
for (x,y,w,h) in faces:
cv2.rectangle(img,(x,y),(x+w,y+h),(255,0,0),2)
roi_gray = gray[y:y+h, x:x+w]
roi_color = img[y:y+h, x:x+w]
eyes = eye_cascade.detectMultiScale(roi_gray)
for (ex,ey,ew,eh) in eyes:
cv2.rectangle(roi_color,(ex,ey),(ex+ew,ey+eh),(0,255,0),2)
cv2.imshow('img',img)
cv2.waitKey(0)
cv2.destroyAllWindows()

2.5.3.2. Pa3no3HaBane Ha JuIAa.

OpenCV 2.4 cera unBa ¢ HOBUs kiac FaceRecognizer 3a pasmo3HaBane Ha JuIia, KOWTO
OCUTYpsIBa €JUHEH JOCTBHII 10 BCUYKH aJTOPUTMHU 3a pa3no3HaBaHe Ha jnia B OpenCV. Beekun
FaceRecognizer ¢ anmroputseMm (Algorithm), Taka ve ysiecHoO MOXke Ja ce Mojydvar / 3ajagatr
BCUYKHU BBTPEITHU MOJEIH (aKO TOBA C€ MO3BOJISIBA OT Pa3O3HABAHETO).

Algorithm ocurypsiBa ciieIHUTE XapaKTEPUCTUKH 38 BCHUKU H3BJICUCHH KIIACOBE:

e Taka HapedeHusT "BUpTyasieH KOHCTpYKTOp". ToBa 03HavaBa, ye BCEKU MPOU3BOJCTBEH
QITOPUTBM € PETrUCTPHUpaH MpU CTapTHpaHE Ha MporpamMara U MOXKETe Ja MOIyYUuTe
CIUCHKA C PErHCTPUPAHU AITOPUTMU U Ja Ch3/IaJIeTe KOIMKe Ha ONpeeNieH allrOPUTHM
c umeto my (Algorithm :: create ()).

e . Axo cTe m3non3Bany GyHKIHATA 3a 3aCHeMaHe Ha Buaeo oT Moyt OpenCV highgui,

o UYerene u 3anucBane Ha napamerpu ot / kbM XML nmu YAML daiinose.

Ocsen ToBa Bceku FaceRecognizer momabpika:

e OO0yuenue Ha FaceRecognizer ¢ FaceRecognizer :: train () BbpXy HazeH HaboOp OT
n300pakeHus (Barrata 60a3a JaHHU 3a JuIal).

o IlpenckazBane Ha J[dageHO NPUMEPHO U300pakeHHE, KOETO O3HauaBa JIMIIE.
N3o00paxkenneTo ce naBa karo meroaa Mat.

e 3apexnaHe / 3arma3BaHe Ha ChCTOSTHUETO HAa Mojiena oT / kbM gagaeH XML wim YAML.

e Hactpoiika / [lomy4yaBane Ha nH(pOpMAIUS 32 ETHUKETH, KOSITO CE ChbXpaHsIBa KaTO HU3.
Nudopmanuara 3a eTMKeTH 3a HHU30BE € IMOJIE3HA 3a 3ala3BaHe HAa MMeHaTa Ha
pasmno3HaTUTE XOpa.

Hannunu kbM MOMEHTA aJITOPUTMHU:

o Eigenfaces (createEigenFaceRecognizer ())
o Fisherfaces (createFisherFaceRecognizer ())
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e I'paduku Ha noxanaute nBonuHu mabaouu (createl BPHFaceRecognizer ()
[To-popmanHo ommcanue Ha omeparopa 3a JokanHu OumHapHu mabmonu (LBP) moxe ma

OBJle JaleHOo KaTo:

P—1
LBP(xe,uc) = 3 27s(i, — i)
p=0

,C [xf ¥ yf] KaTO HCHTPAJICH ITUKCCII C I/IHTCHSPITCT]'{‘; uln MpEACTaBJIsABAlll MHTCH3UTCTA HA
ChCEJICH IMUKCEIl. § € 3HAKOBaTa (IJYHKLII/IH ,Z[C(I)I/IHI/IpaHa KaKTO CJICABA.

s = [1 T =0
10 else

ToBa ommcaHume JaBa BB3MOXKHOCT Jia C€ 3aCHEMaT MHOTO ()MHU MOIPOOHOCTH B
n3o0paxenusTa. Taka ye omepaTopbT € PasLIMPEH, 3a Jla M3I0JI3Ba IPOMEHJIMBA ChCEIHA
¢bynkuus B [63]. UnesTa e na ce mpuBene eAMH ChbKpaTeH Opoii ChCeau Ha KPBI' C IPOMEHIINB
paznuyc, KOMTO 103BOJISABA /1 CE YJIABAT CIESJAHUTE KBapTaJIu:

Spot Spot/Flat  Line Edge Corner

Queypa 2.11. I paghuxu na noxkarnume 080uUuHU WAOIOHU — NPUHYUN HA paboma.

yPEP

3a gajeHa TOYKa [xf,yf] MO3UIMATa Ha ChCEOHA TOYKa [EP"HF]
W3YUCIIU OT CIIETHUTE U3Pa3H:

MOXE Ja C€

Xp = X. + R CUH[Z?TT]}]
2
Yp = Ye —Rsirl[g]

Knaero R e pamuycst Ha kpora, a P e 6posr na equrmannTe TOUKH.

OmneparopsT € paszmupenne Ha opuruHanauTe LBP kxonoBe, Taka 4ye moHsKora ce Hapuua
pasupern LBP (napuyan ome "kpbros LBP"). Ako KkoopAMHAaTHTE HA TOUYKH B OKPBKHOCTTA
HE ChOTBETCTBAT HAa KOOPJAMHATUTE Ha N300pa’keHUETO, TO TO ce MHTepnoaupa. KommorspHara
HayKa UMa Kyl MHTEJIWTE€HTHU MHTEPIOJAMOHHU CXEeMH, n3nbiIHeHHEeTO Ha OpenCV npasBu
JBYJIMHENHA UHTEPIIOIALUS:

fx,y) ~ [1—x « [0 TODHT=y)
f(1,0) f(L,D] | v
Mo nedunumus omeparopsT Ha LBP e ycToifuMB cperry MOHOTOHHU CHBU MamiaOHU
TpaHchopMmanuu. MoxeM JIeCHO Jla MPOBEPUM TOBA, KaTo pasriiefjaMe H300pakeHUETO Ha
M3KYyCTBEHO Moaubuupanus oopas Ha LBP:
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I/

%* % _ . é. "- !
Queypa 2.12. LBP uzobpadicenue cied obpabomxa.
I'/TABA 3. CepBu3nu po0orTu 3a cnenuuYHU LEJIH.

3.1. IlucTaHIMOHHO yNIpaBJjieHHe HA CePBU3HU POOOTH 32 HHCIEKIHS ¢ TEPMO Kamepa.
3.1.1. ¥YnpasieHue Ha MoOMWJIHATA MIaTdopMma.

B Ta3zu Touka ca omucaHM cucTemMaTa 3a PbYHO yIpaBleHHE Ha poOOTa, KaKTO U ca
MIpe/ICTaBEHU HAKOM 0COOEHOCTH IMPH 3aCHEMaHE Ha N300pakeHUs ¢ TEpMO-Kamepa.

Cxemara Ha ¢urypa 3.1 mokas3Ba Kak L€ C€ OCHILIECTBSBA yNpaBiIeHUETO Ha poboTa. OT
€HaTa CTpaHa Ha CXEMaTa € yIpaBJIdBallusad KOMIIIOTBP CBBHpP3aH KbM H)KOﬁCTHK 1 MOIYyJ 3a
0e3KMYHAa KOMYHHUKAIMsI, a OT Jpyrara € poOOTHT, KOUTO CBIIO € CBBP3aH KbM MOIYJ 3a
Oe3KuyHa KOMYHUKaIUs.

To3u THIT CBBpP3BaHE TMO3BOJISABA JIa CE U3IOJI3BAT U3UNCIMTEIHATA MOIIL M BH3MOKHOCTUTE
Ha KOMITIOTHpa 3a (JOpMHUpaHE Ha yIPaBJIsIBaIlMTE CUTHAIN U 00paboTKa Ha TOJTyYeHUTE TaHHN
oT poboTa, KOETO TMO3BOJIsABA PaboTa ¢ MHOKECTBO MH(OPMALHUS, pealn3upaHe Ha CIIOKHU
aITOPUTMU U Obp3oeiicTBre [64].

() (9)
g

Mo6unHa
@ naatpopma

Queypa 3.13. Vnpasnenue na poboma 3a uncnexyusi.
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M3nom3BanuaT Moays 3a Oe3xuIHa KOMyHHKaIus € X-bee moayi. [lpuanuna va padora
Ha MOIYJIMTE W CBBpP3BAHETO MM € Moka3aH Ha ¢urypa 3.2. XBee momyna ce cBBp3Ba C
MHOKECTBOTO YCTPOMCTBA, IIPE3 TIOTMYECKO HUBO HA aCHHXPOHEH CEPUEH MOPT [65].

CMOS Logic (2.8 - 3.4V)

CMOS Logic (2.8 - 3.4V)

 EEEE— | MU T—
DI (data in) Dl {data in)
— ] b —
., CTS XB XBee CTS
: Rl eg 14
Micsoconiroliee . DO({dataout) | Module Module | DO(dataout) , crocomtroler
RTS s

Queypa 3.14. [Ipunyunua cxema Ha KOMYHUKAYUIMA.
3a peanusupaHe Ha YIPaBIECHUETO HAa poOOTa 1Ie ce pa3paboTH MPUIIOKEHHUE HATMCAHO Ha
nporpamMuusaT e3uk C#, Bbpxy muardopmara .NET, paspaborenu or Maiikpocopt. C# e
CBHBPEMEHEH 00CKTHO-OPHEHTHPAH €3HK 33 IIPOTrpaMupane ¢ 00II0 MpeIHa3HaYeHUE, Ch3/1aJICH
1 pa3BuBaH ot Microsoft pexom ¢ .NET mnardopmara [66].

dopMupaHEeTO Ha MAaKETUTE OT JaHHHW CTaBa, ype3 HamucaHus codpTyep Ha Oa3a Ha
aIrOpUTHMa 3a yIpaBlieHHue aajeH Ha ¢urypa 3.3.

Turn on
sensors and
motors

joystick and
vailable seria

Send data
‘Stop”

Send data
‘forward’

Send data
‘backward’

no

A

Calculate
data from
joystick

If pos. ‘B’

Send data
‘Stop’

Send data
‘Stop’

Send data
‘reverse left’

Send data
‘reverse
right’

Queypa 3.15. Fnok cxema Ha ancopumvma 3a ynpasieHue Ha poboma.
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,static void Main()* e rmaBHata QyHKIHS, KOSTO M3Mpalia JaHHUTE OT APYruTe (QyHKITMH
KbM poOoTa. Ts oTBaps cepuiiHUS TOPT 3a M3MpallaHe Ha JaHHUTE W M3Mpalla MaKeTH Mph
MoJTyyaBaHe Ha HOBH MMapaMeTpH OT APYTUTE QYHKITHH.

,,static void MainForJoystick()* e ¢pyHaknmsTa, KOSITO IPOYUTA TAHHUTE OT JHKONCTHKA U TO
usnpama KeM Tperata (yHkius. Mma no6aBeHHM HAKOJIKO MPOBEPKU MPEAd Ja cTapTupa
paboTtara Ha mporpamara, peaquzupanu BbB GyHkus ,,MainForJoystick()“:

3.1.2. 3acHemaHe W aHAJIU3 HA U300paKeHHsI C TEPMO KamepaTa.

XapakTepucTuku Ha uH(ppauepseHata Tepmo kamepa FLIR P640: 3purtenno nose 24°/16°,
MUHHMAJICH JJMana3oH Ha TemnepatrypHo usMepsane ot -40°C no +500°C (onuus go 2000°C),
temneparypHa uyBcTBUTENHOCT 0.06°C mpu 30°C (onuus 3a 0.006°C), nerekropHa MaTpula
640/480 mmkcena, UHTErpUpaHa IBETHA mMU(poBa KaMmepa, HACTPOMKU HA H300paKEHHUETO,
PSKMMHU Ha H3MEpBaHe, pa3nuyHu oOekTuBH, mamer 1 GB. Ha ¢ur. 3.4 ca mnoxazanu
NPUJIOKEHUATA HAa TEPMOKAMeTa B DPA3JIMYHM OOJACTH W TNPUMEPHH H300paKeHHsT OT
3aCHEMAHETO UM.

-
<

v
P e
P~ S
Jlunca Ha nsonauunsa

BpbluaHe Ha cTyfieH Bb3ayX LLleTn oT HaBOAHEHMA

HensonnpaxHu oteopu Kbcn cbeguHeHna BeHTunaunoHHun cucremn

|
|

NSRS,

-
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@ueypa 3.16. [Ipunosicenus Ha mepmo Kamepama.

[Topamu HEOOXOMUMOCT OT 3aCHEMaHe Ha CJIOXHHU OOCKTH, Ce Hajara jJa ce QuiITpupar u
aHaJIM3UpaT 3aCHETUTE HW300pakeHWs. 3a aHAIM3 Ha HANpPaBEHUTE H300paKEeHUS e Ce
m3noi3Ba cnenuanmsupanus copryep FLIR Reporter, npenqnasnaden crienuaito 3a padoTta ¢
HM300pakKeHUSI.

3.2.Po0oTH 32 Bb3pACTHU U HHBAJIU/AH, IECHOBO OPUEHTHPAHU pPellleHUs!
3.2.1. YnpasiieHue Ha 32 IBUKBAHETO.

CrenBamioTo HeEIo, KOETO HalpaBUXMeE, 3a Ja MOCTUTHEM CTaOWJIeH KOHTPOI, Oerie
M3IIOJI3BAHETO HA PEryJIaTOPHU OPraHU Bb3 OCHOBA Ha ropecrnomenarata PID Texnuka. To3u
TUI KOHTPOJ Oerie nHTerpupan BsB Gbpmyepa Ha u3nonzpanusa Eddie Control Board B Hamus
po6oT. Ha Bcsiko KoJeno umaiiie JBa OTACITHH KOHTpOsiepa, paboTeNy O CISIHUS TPUHIIUIL:
(mokazaHo Ha ¢urypa 3.6).
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Queypa 3.17. Cxema Ha ynpasieHuemo Ha 0gueamenume.

3.2.2. N30sirBaHe HA MPENSITCTBHSA.

CreBamoTo Helllo, KOeTo HalpaBuxMe, Oellie 1a U3Moa3BaMe JAHHUTE OT HALIIUTE CCH30pU
3a pa3CcTosiHME, 3a Ja u30erneM cONbChKa ¢ OMU3KUTE 00eKTH. M3noa3BaHUTE CEH30pH MMAT
CIIC/IHUTE OTPaHUUYCHHS: HHPPAUYEPBEHOTO MOXKE JIa YCETH O0SKTH, KOUTO ca MHOTO OJIH30 10
pobota, Ha He oBeue OT 80 cM; CoHapHUAT CEH30P MMAIIIe TO-TOJIIMO pa3cTostHue - 300 cM oT
MoOmTHaTa ImIaTdopma.

Queypa 3.18. Jloeuxa 3a oepanuuenue Ha ckopocmume.

3.2.3. H3cienBaHe HA MeTOANTE 32 yNPABJIeHHE HA CEPBU3HUSA POOOT.
e DU3NYECKH KOUCTHK:
e BupryajeH 1KOMCTHK:

e Mertoa 3a ynpaBjeHHe Ype3 MpocielsBaHe Ha IJIaBaTa:
e KoHTpoa upe3 npoc/iesiBaHe HA 0UNTeE:
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3.3.IloTpeduTesicku nHTepdeiic 32 ynpaBjieHue Ha CePBU3HU PoOOTH

KomyHukanusita Mmexxay poOoTa IMOMOIIHHUK M MOTPEOUTENNTE € HAaNCTHHA BaKEH BBIIPOC.
Taka ce ompenenst Koiko Obp30 POOOTHT IIe Ce aAanTHpa KbM CHCTEMaTa M IIe 3alo4He J1a
M3M0JI3Ba IBJIHUS CH HoTeHuuan. ETo 3amo ce3ganoxme moTpeOHTEeNcCKH HHTepdeic 3a
ynpasieHnue Ha pobota @urypa 3.8.

@ueypa 3.19. [Ipunyun na paboma na unmepgetica Ha poboma.

3.3.1. MeH10 3a ynpaBjieHHEe B PbY€H PeKUM.
Control | Code Assistant Webln' X | 4 7.77 =]
€ ™ 10151661 o € Qsea "8 & AO

mx

>

B0% dy-0%

My Camera

@ueypa 3.20. Mento 3a ynpasnenue 8 pvuen pexicum
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3.3.2. MeH10 3a ynpaBJjeHue B M0JY-ABTOHOMEH Pe:KHM.

Queypa 3.21. Mento 3a nony-aemoHOMHO ynpasieHue.

3.3.3. MeH10 3a ynpaBJjieHHe Ha IJIaCOBUTe KOMaH/JIU Ha podoTa.

Speech Functions

Speak
Text:

Saved fexis

Text Action

500 17, | was assembled from modem R soved i TEpEaRet
pment of unkimited number of

 robafic platform, enabling the dev

ladies and gentlemen, please allow me o introduce myseH, | am the modular service robot
o

ocessing unit, variety of sensors, including one of

ic platiorm ROBC

Queypa 3.22. Menio 3a enacosu KOMarou.

3.3.4. MeH10 32 HACTPOWKHU HA CUCTEMHUTE U (PYHKIUUTE HA POOOTA.

Configurations

24_Mar_2015_1341°2¢

Load selected configuration EEESET USRI

Robot parameters

edalebot_node

Node name Parameter Value
eddienot_node bonus faise
eddienot_node update_rate 30.0

max_acceleration_cm_per_sec_square

eddiebot_node max_linear_speed_m_per_sec 025
eddiebot_node max_slow_speed_m_per_sec 0.125
eddiebot_node max_angular_speed_deg_per_sec 50
eddiebot_node slow_speed_distance_cm 150

Quzypa 3.23. Menio 3a nacmpoiiku Ha poboma.
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3.4.YupaBJ/jieHHe HA pOOOTH3UPAHU MAHUIYJIATOPH.

TpancnopTupaneTo Ha OOEKTH € CJIOXKEH MPOIeC, KOWTO BKJIIOYBA MHOXKECTBO BHUIOBE
poOoTHu3upanu cucteMu. To3H MpoIec MOXKE J1a Ce pa3/Iesid Ha CICIHUTE CTHIKU:

Crbnka 1: pa3no3HaBaHe Ha oIpejiesieH 00eKT U NMPHIBUKBAHE HA MOOMIIHATA IU1aTdopma
BB3MOKHO Half-0JIM30 J10 HETO, TaKa 4e 00EKTa J1a 3aCTaHe B 30HaTa Ha JOCTHXKUMOCT Ha pbKaTa
Ha poOota. OcBeH TOBa, JOKAaTO Ce IBM)KUTE MO KapraTa, poOOTHT TpsOBa J1a paslo3HaBa
00EKTHUTEe, KOUTO I'M HHTEPECYBaT, U J1a T'M NIOCTaBHU Ha KapTaTa 3a rocjepaiia ynorpeoda [68].

Crbnka 2: TOYHO MO3ULIMOHMPAHE HA XBalllaua Ha pbKaTa 70 OllpeesieHa TOUKa OT 00eKTa.
ToBa e MHOro mpenusBHMKarenaHa 3anaya. Hsakou uscnenBanus ce (HOKycupar BbPXY MHOTO
CJIO)KHU CHUCTEMHM M3TPaJIeHH OT HAKOJIKO KaMEepH, 3a Jla MOCTUTHAT BUCOKA HAACKIAHOCT IPU
pasno3HaBaHe Ha OOCKT OT pa3lIMYHM TJICIHHU TOYKH, IPH MpoIiecH Ha criaodsBane [69]. Cuen
KaTo ce pasno3Hae oOekra, TpsOBa na ce ompenenu Herosara nozuuus [70]. Torasa ako ce
3HAAT KUHEMaTHKaTa ¥ JJHHAMUKaTa Ha pbKaTa € CPaBHUTEITHO JIECHO J1a ce IIPEMECTH XBallaya
710 OTIpeJiesieHaTa MO3UIMA 32 3aXBallaHe.

Crerka 3: I[locnenHarta cThIKa € XBamlaHe Ha 0OekTa. 3a ja ObJe cTabuiieH TO3U MPOIIeC
TpsOBa J1a ce H3MOI3BAT PA3JIMYHM BHJIOBE CEH30PH: MAIIMHHO 3pEHHE, W3MEpBaHE Ha
pascrosiaue, TakTuwiHu [71]. Cren kaTo 0OEKTHT C€ YJIOBH, MOOWIIHUAT POOOT MOXKE J1a TO
JIOCTaBH.

Queypa 3.24. Aumponomoppen manunyramop u cmepeo Kamepa.
3.4.1. AaropurbMm 3a NPeNH3HO MO3MIMOHUPAHE HA MAHUITYJIATOPA.

Pasrnexname aHTpornoMopdeH MaHUIyJIaToOp C MOHE TPHU CTENEHH Ha CBOOOAA, KAKTO €
MoKa3aHO Ha KMHEMaTU4YHaTa cxema Ha ¢urypa 3.14.

Queypa 3.25. Kunemamuuna cxema Ha Manunyiamopa.
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3.4.2. Aaropurbm.

(S1) OtBexnane Ha poboTH3MpaHaTa pbKa B M3XO0/IHA TO3ULUS.

e (S2) Pazno3naBaHe Ha 0OEKTa U Ha JIsIBaTa U Ha JsICHAaTa KAaMEpPH Ha CTEPEO
Kamepara (Bux ¢yrupa 3.15.a.).

e (S3) 3aBbprane okoi0 ocTa Z, JOKATO PA3CTOSIHUATA MEKIY LICHTPOBETE U
pa3CcTosIHUSATA OT 0OEKTa /10 XBalllaua U Ha JIBeTe KaMepH Ha CTEpeo Kamepara He
ce u3paBHAT (Buxk urypa 3.15.b.).

e (S4) npemecTBaHe Ha XBalljaua Harpe, J0KaTo 00EKTa He 3aCTaHe B LIEHTbpa Ha
BepTuKkanara (Bmwx ¢urypa 3.15.c.).

e (S5) 3anouBaHe Ha cllyCKaHe Ha XBalllaya [IpaBo HAJ0dy, HEPIEHANKYJISIPHO Ha
paBHuHaTa XY, IOKaTO OOCKTHT CE HaMHpa B 00JacTTa Ha 3aXBalllaHe, KaKkTo €
nmokaszaHo Ha ¢urypa 3.15.d.

e (S6) 3aTBapsHe Ha XBallaya U JOCTaBsHE HA OOEKTa.

OGsicuenne Ha anroputbMa: Crex cThika S4 Ha TOPHUS QJITOPUTHM 3aXBaIAIIOTO
YCTPOHCTBO Ce€ MOCTaBsl HEMOCPEACTBEHO HaJ 00eKTa, mpeacTaBisaBan] uarepec. [lo Bpeme Ha
CThIIKa S5 3aXBalllal[OTO YCTPOMCTBO C€ CITyCKa U HaKpasi criupa J0 00ekTa. AKO ABUKEHUETO
€ TMEepHeHIUKYJISIPHO Ha paBHMHATa XY, Pa3CTOSHUETO OT OOEKTa 1O IEHTpajHaTa ocC
MOCTETIEHHO HaMaJlsiBa U OCTaBa PaBHO B JIIBOTO M JSICHOTO M300paxkeHue. ToBa ciryckaHe
MIpaBO HAJI0JIy € MHOT'O Ba)KHO JAa ObJe mo npasa JinHuA. CamMo 10 TO3U HaYMH € CUTYPHO, Ye
e Ob/Ie HaMepeHa TOYHATa TOYKa Ha 3aXBalllaHe U MaHUITYJATOPBT HsMa Ja ce cOIbCKa B APYT
oOext. TakaBa TpaekTopus MOXke JAa ObJe TrapaHTHpaHa, aKkO ca W3BECTHU TOYHUTE
KMHEMAaTUYHU U JUHAMUYHU MOJENU. AKO T€3U MOJIENH Ca HETOYHHU, AITOPUTHMBT MOXKE J1a
MPOIBIDKM J1a (PYHKITMOHKMPA, aKO Ce TIpuiIara ajropuTsm 3a rpannynu rpemku (BEA) 3a ILC.
ILC e knac oT caM0 HacCTpOIBAIIM C€ aNTOPUTMH, KOUTO MHOTOKPATHO M3IMBJIHABAT 33/1aJICHU
3a/layy Ha JBUKEHUSATA HA poOOTH, 32 J1a CBEJAT O MUHUMYM TPEIIKUTE MPH MO3ULIMOHUPAHE
uinu mpociensBaHe Ha Tpaektopuu [72]. BEA e mommdukamms nHa ILC, xosTo permrara
npobnema ¢ mpexonHus pactexx Ha ILC [73] u mo3BossiBa AMUPEKTHOTO MY NpHJIaraHe B
KOHTpOJIa Ha poOOTH3MpaHUTE MaHUITyIaTOpH [74, 75].

c d

Quzypa 3.26. Pazu Ha usnviHeHUue HA ANCOPUMBMA 3d NOZUYUOHUPAHE.
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3.4.3. Ilpuuoxenue Ha BEA 3a ILC.
Crbnka S5 oT anropurbmMa MOXKE Ja CE pa3BUE U MPEHAIMIIE KaKTO CJIC/IBA:

e (S5.1) 3anomHsiHE Ha HACTOSIIATA MTO3UIMS U 3aJ]JaBaHETO Ha ChIlaTa KaTo
M3XOJHa MO3ULUSL.

e (S5.2) OtuBane no usxoanara no3uius Ha BEA.

e (S5.3) 3amouBaHe Ha JABMKEHHE HAJIOIY JOKATO HE CE€ OTYETE HEIIPHEMIINBA
rpelika Wi He ce JOCTUTHE 0 KelaHaTa MO3HUITHSI.

e (S5.4) Axo obOekTa € TOCTUTHAT, TOTaBa MPOBJDKUA KbM CIIeIBaIla CTHIIKA, HHAYE
u3nbaHA npouenypata Ha BEA u ILC u 06HOBU ynipaBisBalIUTe CUTHATU U
IIPEMHMHHU Ha CcThIIKa S5.2.

3.4.4. OnTuMu3anus Ha mpoieca.

Moske na ce npuiIokKM CTaHJapTHA TEXHMKA Ha MOTopu3alus. BpemeTo 3a u3nbiHEeHUE Ha
aJIrOpuThbMa MOJKE /1a CE HAaMaJIM aKO YIPaBJIBALUTE CUTHAIIM CJIE/ IOCIEAHOTO ONPECHIBAHE
Ha ILC ce cBbpKaT ¢ HaYaJIHATa TIO3UIIMA U CE 3amaMeTsT. Torasa ciiej] u3IIbJIHCHUE Ha CTHIIKA
S4 u mpenu Ha4yanoTO Ha cThIKA S5.1, ynpaBisBalUTe CUTHAIM CBBP3aHU C Hal-0iM3KaTa 10
TEKyIl[aTa CTAPTOBA MO3ULUS CE U3I0J3BAT KaTO HAYaAJIHU.

3.5. UHTEJMIeHTHH CHCTEMH 32 CEPBU3HU pOﬁOTI/I
3.5.1. A.]'[l"OpI/IT'bM 3a CJICICHE HA YOBEK U pa3lio3HABaHE HA MMajJaHe.

HpeI[J'IO}KeHI/IHT AJIrOpUTbM B Ta3W TOYKaA 066,[[I/IH${Ba MHOT'O OT pa3rjiciaHuTe CUCTCMH U
HpO6HeMI/I A0 cCra B JUCCPTALIMOHHUA TPYA. 3a JAa MOXKE Ia C€ IPUIIOKU po60Ta Tp}I6Ba Ja
pasnojiara ¢ CUCTCMa 3a aABTOHOMHA HaBUTalus, CUCTCMaA 3a MAIMHHO 3pCHHUEC, CUCTEMA 3a
TJ1aCOBO PA3MIO3HABAHEC U Bb3MOXKHOCT 3a KOMYHHUKHUPAHE C YOBCKA.

Queypa 3.27. Cvzoasane na Mooel Ha CKelema HA HOB8eK.

OcHOBHa poJisi B M3MBIHEHUETO HA TO3W AJITOPUTHM € Ha CHUCTeMara 3a KOMITFOTHPHO
3penue. Upes Hest 1 cBolicTBaTa Ha ceH3opa Kinect MoxeM J1a pa3no3HaBaMe OTpeIeICH YOBEK.
CpI1I0 Taka TO3U CEH30p UMa CBOMCTBOTO J1a TIPaBU KHHEMATHYEH MOJIe Ha YoBekKa - ((urypa
3.16).

ANTOpUTBMBT 32 CIIEJICHE U pa3lio3HaBaHe Ha nagane - (¢wur. 3.17):

Asmopegepamu Ha ducepmavuu 4 (2017) 17-59



46 [eHuc YukypTes

um on
sensors and
motors

Scan area

Search for
human

Recognise
person

Y

Recognise
skeleton

unusuale

Measure
distance

If distance 1.5
Check skeleton

Queypa 3.28. Aneopumvm 3a credene u pasno3Hasare Ha nadawe.
Pobota mHMIManm3upa cpepara, B KOATO C€ HAMHpa M 3arouBa Jia ThPCU CBOA
cobcTtBeHUK. ThpceHeTO Ha COOCTBEHHUK Ce pa3zielis Ha JiBa eTamna: | — HaMHupaHe Ha
X0pa, 2 — pa3no3HaBaHe Ha COOCTBEHUKA.
CrnenBa mporietypa 1o u3MbJIHEHHE Ha ChIIECTBEHUTE (QYHKITMHM HA alropuThMa: 1
CJIEJICHE Ha YOBEKa, 2 — pa3lo3HaBaHe Ha MaJIaHe.
CrneneHero e 0a3MpaHO Ha CBOMCTBOTO Ha JBIOOYMHHUS ceH30p Ha KuHekTa na
M3MEPBA PA3CTOSHUETO JI0 OOCKTH.
Pasmo3HaBaneTo Ha magaHe e 0a3MpaHO Ha ClIEZICHE Ha TOYKUTE Ha CKeJeTa W IO
KOHKPETHO TE€3U HaJ KpbhCTa Ha yoBeKka. [loHexke He MOXe Jla CMEe CUTypHHU Aallu
TOBa € TaKa Ce aKTUBUPAT MPOIIeypa 3a U3SACHIBAHE HA CUTYyaIlusITa, pod0Ta MHUTa
YOBeKa JIajiu € MaaHall:
O aKo HjIMa OTTOBOP JIO OTIPENIEICHO BpeMe po0OTa aBTOMAaTHYHO C€ CBBpP3Ba
C CTeIIHAa TIOMOIII U OJIM3KUTE HA YOBEKa,
O aKo UMa OTTOBOP M TOM € MOJIOKUTEIICH TOraBa poO0Ta OTHOBO CE CBBHP3BA C
CIIEIIHA TTOMOII] ¥ OJIM3KUTE Ha YOBEKA;
O aKo OTroBOpa OTpHUIATEJIeH po0OTa W3YakBa 4YOBEKA Ja CTaHE [0
OTIpEIETICHO BpEMe.
o Axo JoBeka He cTaHe poOoTa MOBTapsi BHIIPOCUTE OTHOBO, IOKATO YOBEKA
HE Cc€ U3IPABH.

3.5.2. Cen3opHa cucreMa 3a H30sirBaHe Ha NPeNsATCTBUS.

Onucanue Ha npodema.
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[Ipobrema ce chcTOM B TOBa, Y€ Mpea camus poOOT ce moiydaBa 30Ha, B KosTo Kinect
ceHsopa He Moke na Bxkaa (dur. 3.18). 3oHara, kKosATo TpsiOBa 1a ce 06xBaHe € ¢ (hopmaTa Ha
napajnenenunes, ¢ pa3Mepu BHCOUYMHA 25 cM, AbbkuHa 60 cm u mupuHa 45 cm. Taka
XapaKTepu3rpaHa Ta3u 30HAa M3MCKBA CEH30PH C MaKCHUMaJIeH 00XBaT Ha u3MepBaHe none 70
CM, 3a Jia C€ MOCTUTHE TOYHOCT MPH U3MEPBAHUATA.

Ciamna 30Ha 2a Kinect ceHzopa

Queypa 3.29. I[Ipobremna 30Hua.
e Pemenue Ha npob.iema.

Pemennero Ha npoGiema ce ChCTOM OT JBa €Tarla.
a) MPBH eTaIl — [00aBsHe HA JOMBJIHUTENHU ceH3opu (Dur. 3.19).

JIOIBJIHUTEITHUTE CCH30pU Ca MOHTHpAHM B MpEJHATAa YacT Ha JIOJHATa IuIaTdopMa Ha
pobora. Te ce HammpaT Ha BHCOYMHA OKOJIO 15 cM, KOeTo ce mpeamnonara, 4e Ime Objae
JOCTaTBHYHO 32 J1a CE PETHCTPHPAT MAJIKK 00EKTH, HAMHUPAIIH C€ HEOCPEICTBEHO Tpe]] poOoTa.
MakcuMalTHUST 00XBaT HAMpe]l Ha BCHYKH CEH30pH € orpanuueH 70 70 cM, TIOHEKe ciie]] ToBa
ce mpurnokpusar ¢ Kinect ceHzopa.

Queypa 3.30. Obxeam Ha cenzopume.
0) BTOpM eTalm — Cb3/laBaHE Ha aJNrOpuUTbM 3a CbBMecTHa pabora Ha Kinect ¢
JOM'BJIHUTEITHUTE CEH30PH.

AnropurhMa 3a OCUTYpsIBAaHE Ha ChbBMECTHA paboTa Ha BCUYKH CEH30pU € J00aBEH KbM
ITOPUTHMA 32 HABUTAIMOHHATA cCUcTeMa - ¢urypa 3.20.
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Queypa 3.31. Aneopumvm 3a credene Ha NPENIMCMBUSL.

W3mepBanusTa Ha TOMTBIHATEIIHUTE CEH30PH Ca B HAYAJIOTO HA aJlTOPUTHMA, CIIe]] KOETO Ce
MpoAbDKaBa C HOpMaJHaTa paboTa Ha alropuThMa Ha Hapurarusra. CHITHOCTTa HA TO3U
QITOPUTHM € MPH HAJIMYUE Ha 00EKT B 00XBaTa Ha JIOIBIHUTEITHUTE CEH30PH Jla C€ MPEIBUIH
CriMpaHe WK 3a00UKaIsTHE.

I'IABA 4. ExciepuMeHTH U MOJYYE€HH Pe3yJITATH.

Benuku MeToam U M3CieBaHus ca MPUIIOKEHH BBPXY po0oTa, Clie]] KOETO ca MPOBEACHU
€KCIIEPUMEHTH, KOUTO J1a TIOKa)KaT MOJyYEHUTE Pe3yJITaTH U IUIOCTHATa (PYHKIMOHAIHOCT Ha
po0Gota. [IpoBeeHu ca eKCIepuMEHTH MO OT/AETTHO 32 BCsAKA CHCTEMA, CJIel KOETO ca IPOBEICHH
eKCIIEpUMEHTH BBPXY ChbBMECTHaTa paboTa Ha BCUYKU cHUCTeMH Ha poOota. IlogpobHocTH 3a
€KCIIEPUMEHTHUTE U PE3yJITaTUTE Ca OMHUCAHU B CJIE/IBALUTE TOUKH.

4.1 ExcriepuMeHTH M pe3yJITATH OT HABUTalMATA U JIOKAJIN3ALUATA

HpOBCI[eHI/I Ca CJICOHUTC CKCIICPpUMCHTU Ha 3aKpUTO, CJICA KAaTO <€ HallpaBCHa
IpCaABAPUTCIIHO KapTa Ha TIOMCIHICHUCTO!

e Hawmwupane Ha TouHaTa noKanus Ha poOOTa;

o [IpuaBmxBaHe Ha poOOTa 10 33MaJACHU KOOPIUHATH ¢ TOUHOCT 70 10cM;

e OrunTaHe HA BPEMETO HEOOXOIMMO 3a IOCTUTAHE Ha IENTa, IPEIU MOA00psIBaHEe
Ha CHCTEeMaTa U Clie]] TOBa;

e (Crnen nocraBsHe HA JOMBIHUTEIHNA 00EKTH B TOMEIIIEHUETO, HABUTAIIUATA TPIOBa
Jla HAMEPH AIITEPHATUBEH ITBT U Ja 3a00MKOJIN OOCKTHUTE.

Ha d¢urypa 4.1 B 1BeTHOTO TONe € TMOKa3aHa Kaprara Ha IOMEIICHHUETO,
MECTOIIOJIOKEHHETO Ha POoOOTa M M3UMCIICHATa TPAeKTOpUs 0 APYTUs BI'bI Ha cTasta. ToBa
I[BETHO TOJIC TPEJCTAaBIsIBA 00XBaTa HA ABIOOYMHHMS CeH30p Ha KWHEKT-a. OI[BETCHHTE B
KBJITO CTEHU C€ M3IOJI3BAT KaTO MAapKepH 3a OopHeHTUpaHe. 1 moHeke HsAMa MPEnsSTCTBUS
TPACKTOPUSATA HA BMKCHHE € TIPaBa.

Ha ¢urypa 4.2 oTHOBO € moOKa3aHa chbIOlaTa Kapra, HO TO3M IIBT Ca TOCTaBEHU
JOITBTHATEITHUTE 00CKTH. B TO3W ciiydail Te ca pasmoyioKeHH, Taka e poOdoTa J1a MOXKe Ja
MIPEMUHE MEXY TAX.
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Pesynratu ot excniepumenr 1. Cien kato e n30paHa KapraTa Ha TIOMEIIEHHETO, B KOETO ce
Hamupa poOOTa HABHTAIIMOHHATA CUCTEMa YCIICITHO JIOKAJIH3UPa MO3UIHUATA U OPUCHTAIUSATA
Ha poOoTa, Ha 0a3a XxapaKTepHUTE MapKepH Ha TTIOMEIICHHUETO.

Pesyntatu ot exkcnepumenT 2. Ha poborta My Oe 3amajeHa Touka, 10 KOATO Ja JOCTUTHE.
HaBuramnmonnata cuctema yCHEIIHO KOHTpoIWpa poOoTa 10 AOCTUTaHE Ha IIeNTa, KaTo
OTKJIOHEHHETO MEX]y IIEHThpa Ha MoOWIHATa rargopma Ha poOOTa U 3a7ajieHaTa TOYKa €
okoy10 15¢cMm.

Pesynratu ot excniepumeHnT 3. ba3zoBara pa3pa0oTka Ha HaBUralusaTra 3a Ta3d MOOMIIHA
w1atgopma, paboTH 3HAYUTEIHO 10 0ABHO M MMa ITOBEYE OTKIOHEHHUS, 110 BpeMe Ha JIBUKECHUE.
Crnen BBBeXIaHE HA JOMBJIHUTEIHUTE aJTOPUTMH M METOIU PoOOTa cielBa M34YHCIeHaTa
TPAaeKTOPHUS Ha JBIKEHHE C MaJKH OTKJIOHEHHS M JOCTUra JO LEeNTa 32 MHOTO IO-KPaTKO
BpeMme. 3a U3IbJIHEHHE Ha €JIHAKBH TPACKTOPUHU C IBJDKMHA IIECT METpa BpeMeHara ca
ciegHuTe: 6a30Ba HaBUTAMA — 25 CEKYHIH, OJ00peHa HaBUranus — 16 ceKyHIu.

MowCamers | (et [lSelect 7 2DPosestimate L 20NavGosl  emMesure @ PbishPoint @ w

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Zoom. Shift: More options. 25fps

Queypa 0.32. Jloxkanusupane Ha poboma u 3a0a8are Ha 0eCMUHAYUs.
Pesynratu ot excnepument 4. Cnen mocTaBsHE Ha JONBJIHUTEIHU TMPEAMETH B

MMOMEIIEHUETO, HABUTAIIUATA YCIEIIHO PETUCTPUpPA TIXHOTO MECTOIOJIOKEHUE BHPXY KapTara
Ha TIOMEIICHUETO, 0€3 MpeBapuTeTHO CKaHupane. [Ipu 3a1aBane Ha JeCTUHAIMS, AITOPUTHMA
M3YHCIISIBA TPACKTOPHS, KOSTO MPEMUHABA WU MEXKIY HOBUTE OOEKTH WJIU TH 3a00WKaJIs 110
Hal-kpatkus mbT. Ciien KoeTo podoTa yCIentHo JOCTUTa 10 3a7aj1eHarTa mell.

ea |@yiteract  [JSelect o 2DPusefstimate 20NavGosd =mMeaswre @ PublshPoint #  w

- Bl fels [miS ] LI

Reset  Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click: Zoom. Shift: More options. 251ps

Queypa 0.33. Pasnosnasarne Ha 0ONbIHUMENIHO ROCMAGeHUNe 00eKmuU U U3HUCTISABAHE HA HO8
nom.
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4.2 ExcriepuMeHTH M pe3yJITATH cJieJl KOPUTMPaHe HA IPellKaTa Ha 0I0MeTPHUATA

['pemkaTta Ha oOMETpHATA € OT TOJIIMO 3HAYCHHUE 3a TIPaBUIIHATA paboTa Ha HABUTAIIUATA.
[Topagu ToBa mMpoBeqOXME peaMila €KCIIEPUMEHTH, C KOWTO Ja W3YHCIUM TOYHO KaKBa €
rpelikaTa, cjie KOeTO BbBEIOXME JOMMBJIHUTEIHN CEH30pU M METOAM 32 HaMaJIsiBaHEe Ha Ta3u
rpeuika. [IpoBeneHu ca cieiHUTe eKCIEPUMEHTH:

e lI3MepBaHe HA OJIOMETPUYHATA TPEIIKA YPE3 METOJIAa HA M3ITBIIHECHUE HA KBaJIpaTHA
TPACKTOPHSL;

e lI3mMepBaHe Ha OJIOMETPUYHATA TPEIIKA CJIE]] BbBEXKIaHE HA KOPUTUPAHO
yIpaBlIieHUE HA MOTOPHUTE, KOETO KOMITCHCUPA TPEITKaTa;

e lI3mepBaHe Ha ogoMeTpUYHATA Tpemka cies nooassue Ha IMU cenzop.

Bcernuku umscnenBanusi ca MPOBEACHH KAaTO €€ W3II0JI3BA MPHUHIUIA HA JIBY-TIOCOYHOTO
U3IIbJIHEHHE Ha KBaJpaTHa TpaekTopusi. Pobora ce mporpaMupa rnpeaBapuTeIHO 1a U3IbJIHABA
TaKaBa TPACKTOpHs, 0€3 J1a ce M3MOA3BAT HUKAKBY JIOIBIIHUTEIIHA CEH30PU OCBEH CHKOJIEPUTE
Ha MOTOpHTE.

Pesynrati ot excnepumeHnt 1. OmomeTpuyHaTta Tpemka Oe W3MepeHa ciell HIKOJKO
00MKOJIKM Ha poOOTa 10 3a/1a/IeHaTa TpaekTopus. Makap Ja u3riiexaa, ue BCUIKo 1o podoTa e
MPOTIOPIIMOHAITHO ¥ JOOpEe HAIIPaBeH! Ta3H TPEIIKa ce 0Ka3a ocTta rojsima. OTKIOHEHHETO Ha
poboTa OT TpaeKTOpHATa € 3HAYUTEITHO: OTKIOHEHHETO Ha poboTa mpu brimTe € okoio 10
rpaznyca, Ipy JBHKEHHE B KBAaJpaT C JbJKHHA 3M.

Pesynratn or excriepumeHT 2. IIpy TO3M €KCHEPUMEHT IMOBTapsiME MNPEIXOJHHUSA, KATO
H3MepeHaTa 0I0MeTpHyHa IpellKa € Jo0aBeHa B IporpaMara 3a yIpaBjeHue 1 110 TO3U Ha4uH
KOMIIEHCUPaMe CHCTeMaTH4HaTa rpenika. [lomydyeHnTe pesyntaTy nokasBaT OTKJIOHEHHE OT 6
rpaayca. ToBa e 3HAUUTEITHO MO-MaJjKa Ipelika, HO KaTo ce uMa MpeaBul, ye podoTa N3MHUHaBa
camo 3 MeTpa 10 CIe/Balll 3aBOi, IPU U3MUHABAaHE HA IIOBEYE PAa3CTOSTHUE TOBA OTKIOHEHUE

OTHOBO HC NOCTATBYHO.
’Sﬂ[:j:j—b Forward | n___}_
LEnd =S 10

Executed trajectory

Pre-programmed
square path, 3m x 3m

@uzypa 0.34. Odomempuuna epewika.
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.
End 6

Executed trajectory

Pre-programmed
square path, 3m x 3m

A E_«’

@ueypa 0.35. Ooomempuuna epewika cied Kopekyus Ha CUCMEMAMUYHAMA 2peuKama.
Pesynratu ot excnepuMeHT 3. 3a mpoBekJaHe Ha TO3U EKCIIEPUMEHT J100aBHUXMeE CEH30p 3a

M3MEpBaHe Ha yCKOPEHUETO U opueHTauusaTa. CeH30pbT OTUUTA JAHHUTE B PEATIHO BPEME U T'i
u3npama kpM cucremara. Ha 6aza mojyuyeHuTe JaHHM OT CEH30pa ajlropuThbMa H34MCIsABa
MOMEHTHATa IpelIka U u3mpalia yrnpasisiBally 3a KOpUrupane Ha nosuuusra. Podota ciensa
3a/aficHaTa TPAaeKTOpHs KaTo TO3U IIbT C€ JBMKM C MHOIO MAJKH OTKJIOHEHHUS OT ITBTS.
OTtueTeHaTa MaKCUMallHa TpellKa € 2 rpajayca, HO IOHeXe po00Ta KOpUrupa Mo3ulusTa Cu B
peayHoO BpeMe, Ha IPAaKTHUKA IpelIKaTta ce cBexkaa nodru jo 0.

:ﬂE’ Forward
End

\ Executed trajectory

Pre-programmed
square path, 3m x 3m

'L — ),

@ueypa 0.36. Onmumusupane na ogudicenuemo na poooma ¢ IMU censzop.

4.3.ExcriepuMeHTH M pe3yJITATH Ha CHCTEMATAa 32 KOMIIIOTbPHO 3peHune

B pesynrar ce nony4aBat Hiakou (pUrypu Ha neTekuusaTa Ha pbroa (¢ur.4.7), pasno3HaBaHe
Ha 11BeToBeTe (urypa 4.6) u pazno3naBane Ha popmara u 1ietoBete (pur.4.8). Ha purypa 4.7
ca TIOKa3aHU TPH BHJA JeTeKIus Ha pbOa. Ha ¢urypa 4.6 pasmo3HaBame YepBEeHHUs LBAT U
M300paKEHUETO Ha pe3ysiTaTa IMoKa3Ba camo To3u I1BAT. Ha ¢urypa 4.8 e mokazaHo
pa3no3HaBaHEeTO Ha (POPMUTE U IIBETOBETE HA 00EKTUTE. B 3aBUCUMOCT OT MHTEH3MBHOCTTA Ha
CBETJIMHATA MOXKEM Jia KOPUTHpAaME PBYHO WJIM aBTOMATHYHO HHMBAaTa Ha CBETIMHUTE Ha
Kamepara.
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Simplecv

Queypa 0.37. Pasnosnasane na yepeeH i;éﬂm.

Queypa 0.38. Pasnosnasane Ha npedmem cnopeod demeKkyus Ha pvboseme.

@ueypa 0.39. Pasnosnasane na gpopma u yssim.

4.4 ExciepUMeHTH U Pe3YJITATH NPHU U3IbJHEHNEe HA AJITOPUTMHUTE 32 NMOANOMAraHe Ha
BbH3PACTHH ¥ HHBAJIM/IH

Tyk e manpoOBaHa paboTara Ha aaTOpUTHhMa 3a CJEJCHE Ha YOBEKAa W pas3lo3HaBaHE Ha
najgane. Pesynratu oT nelcTBUETO Ha cieleHe ca 3am0oBoyTeHU. PoOoTa ycmsBa na ciensa
4yoBeKa Ha pasctosiHue Mexay 1.5 — 2.0 metpa. bnarogapenue Ha HanmpaBEeHUTE O MOMEHTA
moA0OpEeHUs ABMKEHUETO Ha poOOTa € TUTAaBHO M TOM HE 3acTpaliaBa YOBEKa.
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TectoBeTe Ha pasno3HaBaHETO Ha MaJaHE ca NPOBEICHH NPU CIEAHUTE YCJIOBUS: B
MOMEIIECHUE Ha 3aKPUTO, JaJeH YOBEK 3acTaBa Mpen poOdoTa Ha pa3cTossHue Mexay 1.5 — 2.5
MeTpa. B ciiydaeH MOMEHT 4YoBeKa psI3KO ce HaBeXk/1a 0 3eMsTa, KaTo 10 TO3H HAUMH UMUTHPA
nagade. Ot nposeaeHu 30 omuTa ¢ 3-mMa YOBEKAa C pa3jiMu€H PBCT, CUCTEMATa YCIEIIHO
pasno3HaBa okoso 83% OT najgaHusTa.

4.5.ExciepuMeHTH U pe3yJTaTH NPHU NPoLeC HA XBalllaHe HA 00eKTH

[IspBata rpyna Tecroe Oeme 6e3 minonsBane Ha ILC u onrtumuzanuu. CkopocTra Ha
CHIDKaBaHe € MHOro 0aBHa M ¢ MHOTI'O KOPEKLMHU Ha TpaekTopusara. Ppkara 6e crnocoOHa na
XBaHe MPEIMETH, HO MOpaJy HETOYHU MOJENIN CKOPOCTTa Ha CHMXKaBaHEe TpsOBalie /a Objae
MHOTr0 0aBHA U TPAeKTOPUSTA UMAIIIE MHOTO KOPEKIIUH.

Bropata rpymna tectoBe Oemie ¢ m3nonsBanero Ha anropurbma 3a ILC. M3npobBanu ca
nosede oT 100 mpou3BOIHO TeHEpUpaHU TOUKHM Ha 3axBallaHe. Bcuuku Te Osxa B paboTHaTa
30Ha Ha poOoTa. 3a Aa 3aBbPILIU U3IBIHEHUETO Ha CThIIKA 5 Ha anroputbma, ILC umaiie Hyxna
ot okojo 11 noBropenus. Brnpeku ToBa, 00II0TO BpeMe 3a U3MBbIHEHKE € OJIM3KO0 10 TOBA HA
I'bpBaTa rpyna OT TECTOBE U MOHSAKOTa € JI0pH 1M0-0aBHO.

Tperara rpyma ce Bp3mon3Ba oT onTuMu3anusaTa. Ciiesi TPEHUPOBKA ChC ChIATA CEPHS OT
100 Toukm 3a 3axBaliaHe, OpOAT Ha MOBTOpeHUsATa Oemie HamaineH a0 5. [lpu cinexBamuTe
clly4aifHO M30paHHu TOYKU BPEMETO 3a U3MbJIHEHHE € M0-0Bbp30 OT 00ILI0TO BpeEME OT MbpBaTa
rpyIia TeCTOBE.

4.6.ExcriepuMeHTH H Pe3yJITaTH HAa padoTaTa Ha pa3jJMYHUTE yCTPoiicTBa U nHTepdeiicu
3a ynpasJieHHe Ha CepBU3HHSA podOT

ExcriepyMeHTH U pe3yaTaTu MpH yIpaBlieHUE C JDKOUCTUK: poOOTHT pearupa Ha MOMEHTA.
lNonsmata pe3omntoniysa Ha OyTOHUTE MO3BOJISIBA TPOMSIHA B CKOPOCTTA C MHOTO MAJIKU CTETICHH.
ByTona 3a aBapuiitHO criupane pabOTH HAJEKTHO.

ExcriepuMeHTH M pe3yiTaTd OT yMOpaBlIEeHHETO Ha poOoTa mMocpencTBOM yed OazupaHus
untepdeiic. Besko MeHI0 mpenocTaBs A00pU Bb3MOKHOCTH 3a yrpaBjieHue. EquHCTBEHO nMa
3a0aBsiHE Ha BUJEO CUTHAJa OT KaMepara Ha poboTa B 3aBUCUMOCT OT YCTPOMCTBOTO, KOETO Ce
M3MoJ3Ba 3a ympaiieHne. KbM poOoTa MoraT J1a ce CBBbpKaT €JHOBpeMEeHHO moHe 10
yCTpOfICTBa, KOUTO MOTaT HE3aBUCUMO A4 IToJaBaT KOMaHIU.

3AK/IIOYEHUE

B nucepranmoHHUsS TPy ca pas3rieiaHd HIKOU OT OCHOBHUTE MPOOJIEMU TIPH CEPBU3HUTE
MOOWITHM POOOTH TpeAHA3HAYCHU 3a MOJMOMaraHe Ha YOBEKa. 3aceTHATUTE MPOOJIEMHU
00JIacTH ca CIIeTHHUTE: TOKATU3aIHsl, HABUTAllUs M KapTorpadupaHe, oneparioHHH CHCTEMH 32
CepBU3HU poOOTH, KOMIIOTHPHO 3pPEHUE 3a pa3lo3HaBaHe Ha 00EKTH U 00pa3H, yIpaBieHHE Ha
aHTpOTIOMOP(ESH MaHUITYJIATOP 3a MPEHACSHE Ha O0SKTH, METOJIH, YCTPOUCTBA B HHTEpEHCcH
3a ympaBJieHUE Ha CEPBU3HUTE POOOTH.

B mporeca Ha paboTa ca mpoBeeHH HU3ClIeBaHE, MOA00pABAHE U Ch3/1aBaHE HA METOM,
QITOPUTMHU U CUCTEMH 3a yIpaBJeHHE Ha CEpPBU3HHU pOOOTH, MpeJHA3HAYCHHU 32 MOJIITOMaraHe
Ha yoBeka. [IpoBexnaHeTro Ha Te3u M3CIEABAHMS JONMPHUHACA 32 PAa3BUTHUETO HA CEPBUHUTE
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po0oTH, KaTo Mo100psBa U pa3IINPsBA TEXHUTE Bb3MOXKHOCTHU 32 U3II'bJIHEHUE HA PA3IMYHHU T10
CJIOKHOCT 3a7aud. ToBa mokas3Ba, 4e LeiTa Ha AUCEepPTalUITa € U3IThIHEHA.

Pa3paborenn ca MeTonu, TEXHUKH M aNTOPUTMH 3a MOAOOpsBaHE M peallu3upaHe Ha
CUTYPHOCT M HAaJIeKIHOCT B CHCTEMHUTE 3a yIpaBlieHHe Ha cepBu3HHTE pobotu. Cien
MOBEXKJAAHE Ha EKCIIEPUMEHTH, MOCTUTHATHTE DPE3yJdTaTH IOKa3BaT J0OpPH IMOCTHXKEHUS B
pasrnenanute npoOiemMHu obnactu. [lomoOpeHa TOYHOCT M CKOPOCT Ha JBUXKEHUE IIPH
HaBUTALUATA, KOPUTUPAHE HA 0JI0METPUYHATA TPEIKa B PEaHO BpeMe, pa3lio3HaBaHEe Ha JIMIa
U TpeAMETH 110 XapaKTepHU IpPU3HAIM, pa3padOTeH € MHOBATUBEH METOJ] 3a YIpaBJICHUE HA
MaHMUITYJIaTOp, PELIEHH ca Ipo0IeMHU CBBP3aHH C MOJIIOMAaraHe Ha Bb3pacTHU XOpa U MHBAIUIU
U ca TpEeACTaBeHH pa3IUuYHU METOAM M uHTep(eiich 3a ympaBieHue Ha pobortute. Te3m
pe3yJTaTu yIOBJIETBOPSBAT PELICHUETO Ha Aa/ICHUTE 3aJa4l 3a U3IIbIHEHHUE.

3a B Opjemnie 1me ce MPOABIDKAT M3CIEABAHMATA BBPXY CHUCTEMHTE 3a YIpaBJICHHE Ha
CEpBU3HMUTE POOOTH 3a MOANIOMAraHe Ha 4OBEKa, KaTo Ce H3CielBaT U Pa3paboTAT HOBU
AJITOPpUTMHU 34 U3IBJIHCHUC Ha CJIOXKHW ABMXXCHUA U 3aa4H, KOUTO p060TI/ITC mie TpSI6Ba Ja
n3nbIHABaT. ChIIO Taka ILIe ce U3CJIeABAT MPOOJIEeMH ¢ yIPaBICHUETO Ha podbuTe mpu padora
Ha oTKpuTO. [lo100psiBaHeTO HA CepBU3HUTE POOOTH U HAMAJIIBAHETO HA TAXHATa IIEHA, Ype3
MHOKECTBO HAyYHH H3CIIEIABAHUS 1€ JOIMPUHECE 33 CKOPOIIHOTO Pa3NpOCTPAHCHHE HA TE3H
po0OTH B TOMOBETE Ha XopaTa.

HpI/IHOCI/I B IUCEPTANUOHHUA TPYA

C orznen Ha paboTaTa W3BBpILIEHA B JAUCEPTALUATAa U PE3YITaTUTE, MOJYyYEHHU B XOJla Ha
W3CIEBAaHUATa M M3JIOKEHH MO-TOpe, Morar jaa ObAar (opMyJHpaHH CIETHUTE HAy4HO-
MPUIIOAKHU IPUHOCH:

1. AHanum3upaH# ca ChCTOSHUETO M Pa3BUTHETO HA HAYYHUTE M3CIIEJBAHUS U MpoOIEeMHTE B
obmacTta Ha cepBU3HaTa poOoTHKa. M3cmenBanm ca meronu 3a momoOpsBaHe Ha
JOKAIN3alys ¥ HaBUTalys IPYU MOOMIIHUTE pOOOTH, KaTo aJrOpUTMH 3a paboTa B peatHo
BpeMe, KOpUTHpaHe Ha CHCTeMaTHMYHaTa M HeCHCTEeMaTW4YHaTa TPEIIKd W MOoJ00psBaHe
yIpaBJIEHUETO HA MOTOPUTE;

2. Peanu3upanu ca u M3ClIEABaHM METOJM M aJIrOPUTMM 3a yIpaBICHHWE Ha KamepaTa Ha
pobora 3a pas3mo3HaBaHE Ha MPEIMETH W XOpa C IOMOIITa Ha CHEIHAIU3UPAHUTE
oubmmorexu OpenCV;

3. Pa3pabotenn ca mpuinoxenus Ha OnepanuoHHatra cucrema 3a pobotu — ROS BBpxy
poOota. OnucaHu ca OCHOBHUTE (PYHKIMM WM NpUHIMIA Ha paboTa Ha olepalloHHaTa
cucreMa. Peanmu3upaHo € MHOTOKAaHAJHO YIpaBJIeHHE Ha poOOTa, uYpe3 pa3IudHu
YCTPOWCTBA,

4. Pa3paboTeH € MeTO]] 32 UTEPATUBHO YIPABICHHE HAa MAHHUITYJATOpP, YpE3 M3IOJ3BaHE HA
KOMITIOTBPHO 3pEeHHE 3a 00paTHa Bpb3Ka M METOJAM 32 ONTHMHU3HMPAHE HA YNPABICHUETO
9Ype3 MEMOPH3ALUs ¥ KOPUTHPAHE Ha TPEIIKUTE;

5. Pa3paboTenu ca METOIM 1 TEXHUKH 3a MTOJIIOMaraHe Ha Bb3PAaCTHU XOpa U MHBAINUAM KaTO
clleficHe Ha YOBeKa M pas3lo3HaBaHe Ha majgaHe. ChIIO Taka € IMpeIcTaBeHa CEH30pHa
crcTeMa 3a pa3lo3HaBaHEe Ha IMHAMUYHHU OOEKTH, IPEMHHABAIIY IIPE POO0Ta;

6. HampaBeH e cpaBHUTENEH aHaiM3 Ha paboTara Ha TOJOOPEHHUTE CHUCTEMH, CIIPIMO
'bPBOHAYATHUTE BH3MOKHOCTH Ha CHCTEMHTE 3a YIPABICHUE HA CEPBU3HUTE POOOTH;
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omnpasu.
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Cnncbk HA M3M0JI3BaHA JIMTEPaTypa

Mesxaynapoana ¢enepanus mo podoruka - https://ifr.org/service-robots/
MexnyHapoaHa OpraHu3anus 3a CTaHIapTU3aus -
https://www.iso.org/standard/55890.html

ISO 8373 - https://www.is0.org/obp/ui/#iso:std:is0:8373:ed-2:v1:en

Knacudukamms Ha CEPBUBHHTE pobotu -
https://ifr.org/img/office/Service Robots 2016 Chapter 1 2.pdf
CraTucTudecku JTAHHU 3a CEPBU3HUTE poboTtu -

https://ifr.org/downloads/press/02_2016/Executive_Summary Service Robots_2016.p
df

CTaTHCTUYCCKHUTE JIaHHU Ha OOH
https://esa.un.org/unpd/popdev/Profilesofageing2015/index.html

M. Hans ; B. Graf ; R.D. Schraft - Robotic home assistant Care-O-bot: past-present-
future, Robot and Human Interactive Communication, 2002. Proceedings. 11th IEEE
International Workshop on, 27-27 Sept. 2002, Berlin, Germany

Schraft, R. D.; Graf, B.; Traub, A.; John, D.: “A Mobile Robot Platform for Assistance
and Entertainment”. In Industrial Robot Journal, Vol. 28, 2001, pp. 29-34.

Po6otsT Papper - https://www.ald.softbankrobotics.com/en/cool-robots/pepper

PoGort 3a onepanuu ,,Jla Bunuu* - http://www.davincisurgery.com/

R. RIENER, "Control of robots for rehabilitation,” EUROCON 2005-The International
Conference on Computer as a Tool, Serbia &Montenegro, Belgrade, vol.l, pp. 33-36,
2005

H. I. Krebs, B. T. Volpe, M. L. Aisen, and N. Hogan, "Increasing productivity and
quality of care: Robot-aided neuro-rehabilitation,” Journal of Rehabilitation Research
and Development, vol.37, pp. 639-652, 2000.

PoGot 3a pexadumuTanus Ha Toyota: Welwalk WW-1000 -
https://www.forbes.com/sites/bertelschmitt/2017/04/12/toyota-sends-robots-to-the-
hospital/#1adc2841702e

PR2 - http://www.willowgarage.com/pages/pr2/overview

Care-O-bot 4 - http://www.care-0-bot-4.de/

Asimo - http://asimo.honda.com/

Ilenn Ha HsAKoM cepBU3HH poboTu - https://www.smashingrobotics.com/thirteen-
advanced-humanoid-robots-for-sale-today/

IMpoext KSERA - www.ksera-project.eu

[Mpoextr CompanionAble — www.companionable.net

IMpoextr FLORENCE - www.florence-project.eu

ITpoekt SRS - www.Srs-project.eu

ITpoekxt MobiServ - www.mobiserv.info

ITpoext ACCOMPANY - http://accompanyproject.eu

IMpoext DALi- www.ict-dali.eu

IMpoext Robot-Era - http://www.robot-era.eu/robotera/

IMpoexr DOMEO - www.aal-domeo.eu

IMpoext ALIAS - www.aal-alias.eu

Ipoexr Silver - http://www.silverpcp.eu/

Brdaunl, Thomas (2008). EMBEDDED ROBOTICS- Mobile Robot Design and
Applications with Embedded Systems, Springer-Verlag, Berlin Heidelberg.

Brdaunl, Thomas (2008). EMBEDDED ROBOTICS- Mobile Robot Design and
Applications with Embedded Systems, Springer-Verlag, Berlin Heidelberg.
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