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analysis of the Bernoulli grippers interaction with the surface of flat objects with
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Uplatnenie vysledkov projektu

Vysledky projektu maju priame uplatnenie v priemyselnej praxi. Vytvoreny koncept
automatizovanej robotickej montaznej bunky v podobe mobilného manipulatora mozno s
overenymi technolégiami nasadit’ priamo v praxi konceptu Industry 4.0.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

1. Navrh a vyvoj systému bezpecénej kooperacie Cloveka s mobilnym poddajnym
manipulatorom na baze silovo-momentového riadenia. (C1)

Boli testované r6zne moznosti narazu na snima¢ OptoForce HEX-70-CE-2000N a
schopnost robotického ramena reagovat na makky alebo tvrdy kontakt v ramci moznosti
uvedenych v technickom Standarde ISO TS 15066.

2. Navrh inovativneho modelovania prostredia pomocou RGBD snimacov, ktoré umoznia
vacsiu adaptivitu robotickej manipulacie, ak aj interakciu s ¢lovekom (napr. pomocou gest
¢loveka). (C2)

Bola vytvorena metdda pre kalibraciu RGBD snimac¢a pomocou kniznice Kinect Fusion a
globalny model prostredia pomocou metddy ICP. V ramci vyskumu boli realizované aj
metddy riadenia robota gestom, kde boli vytvorené zakladné vztahy a prostriedky pre
linearne HRI.

3. Zabezpeclenie zvy3engj inteligencie robota pomocou uciacich sa elementov umelej
inteligencie s cielom identifikovat objekty v prostredi. (C3)

V zmysle vizualnej identifikacie objektov v prostredi sa vypracoval systém vizualnej detekcie
objektov zalozeny na metéde YOLO. Okrem rieSenia zakladného problému detekcie sa
kolektiv venoval aj niekolkym rozSireniam — jednym z nich bola aplikacia viafazového
transfer u€enia pre vizualnu detekciu objektov.

4. Navrh inteligentného lokalizacného systému pre mobilny manipulator, ktory umozni
polohovanie tohto manipulatora v Ciasto¢ne dynamickom prostredi. (C4)

Boli otestované r6zne SLAMové metddy v prostredi ROS, napr. hectorSLAM, kartoSLAM a
gmapping. Najlepsie z hladiska presnosti lokalizacie a mapovania pre model priemyselného
prostredia sa ukazovala metéda gmapping. Pre zlepSenie vysledkov mapovania tejto
metddy bol presne stanoveny pravdepodobnostny model pouzitého laserového skenera.
Dalej boli testované rézne metddy fuzie v rdmci gmapping. Boli ski$ané tspesnosti
lokalizacie pomocou kombinacii laserovy dialkomer a odometria alebo vizualna odometria.
5. Navrh vlastnej metédy reaktivneho planovania pohybu robota, ktora bude schopna
reagovat’ na viaceré pohyblivé objekty v skutoénom priemyselnom prostredi. (C5)

Bola verifikovana metoéda DWA ako spdsob reaktivnej navigacie v prostredi ROS a metdoda
RRT ako spdsob globalnej navigacie v prostredi ROS. Dalej bola rozvijana vlastna metéda
VFH*TDT ako reaktivna navigacia schopna obchadzat’ aj pohyblivé prekazky.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

1. Design and development of a system of safe human cooperation with a mobile compliant
manipulator based on force-moment control. (O1)

Various impact options for the OptoForce HEX-70-CE-2000N sensor and the ability of the
robotic arm to respond to soft or hard contact were tested within the possibilities specified in
the ISO TS 15066 technical standard.

2. Design of innovative modeling of the environment using RGBD sensors, which will allow
greater adaptability of robotic manipulation, as well as interaction with humans (e.g. using
human gestures). (02)

A method for calibration of the RGBD sensor using the Kinect Fusion library and a global
environment model using the ICP method was developed. As part of the research, methods
of robot control were also implemented, where the basic relationships and tools for linear
HRI were created.

3. Ensuring increased robot intelligence using learning elements of artificial intelligence in
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order to identify objects in the environment. (O3)

In terms of visual identification of objects in the environment, a system of visual detection of
objects based on the YOLO method was developed. In addition to solving the basic problem
of detection, the team also focused on several extensions - one of them was the application
of via-phase transfer learning for visual detection of objects.

4. Design of an intelligent location system for a mobile manipulator, which will enable the
positioning of this manipulator in a partially dynamic environment. (4)

Various SLAM methods have been tested in the ROS environment, e.g. hectorSLAM,
kartoSLAM, and gmapping. The gmapping method proved to be the best in terms of location
and mapping accuracy for the industrial environment model. To improve the mapping results
of this method, the probabilistic model of the laser scanner used was precisely determined.
Furthermore, various fusion methods within gmapping were tested. Localization successes
were tested using a combination of laser rangefinder and odometry or visual odometry.

5. Design of your own method of reactive robot motion planning, which will be able to
respond to multiple moving objects in a real industrial environment. (C5)

The DWA method as a method of reactive navigation in the ROS environment and the RRT
method as a method of global navigation in the ROS environment were verified.
Furthermore, the proprietary VFH * TDT method was developed as reactive navigation
capable of bypassing moving obstacles.
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