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Abstract

In this paper, we study the issues of developing an interface, that ensures optimized operator interaction with robotic
systems. The interface should have a high degree of intuitiveness and provide the user with access to up-to-date
information about the current state of the system through feedback sensors. These sensors record parameters such as
torques, forces, and positions, which allows monitoring the relative position of the robot's and operator's work elements.
Special attention is paid to the visualization of algorithms designed to identify potential drive overloads and changes in
technological parameters. Software and hardware have been developed to provide a dialogue with collaborative robots
using laser graphics, taking into account the individual needs of the operator and realizing the recognition of sign language
and voice input. This is aimed at freeing the operator's hands from the need to enter instructions using the keyboard or
remotes. The results of experimental studies aimed at indicating mutual intentions between the operator and robotic
systems are presented.

Keywords: Mobile service collaborating robots; common video-streaming web-cam field; laser and immersive
technologies; indication of intentions; synesthesia

1. Introduction

Modern robotic systems, that operate in cooperation with humans (known as collaborative robots or cobots), enable
the combination of machine efficiency in handling repetitive tasks and human creativity in resolving ambiguous situa-
tions. The traditional safety approach for such complexes involves completely excluding the operator from the robot's
workspace during its operation, which often hinders the full automation of processes requiring human intervention. A key
objective is building effective collaboration where humans and machines share the same workspace. In this context, con-
trolling parameters such as movement speed and applied force becomes critically important. Safety systems are built
using machine vision, force-torque sensors, and specific control algorithms, that reduce the robot's speed and force upon
detecting a human. Such solutions pave the way for automating new types of tasks, including assembly, quality control
and maintenance. Significant attention is paid to designing user-friendly interaction interfaces.
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They must be intuitive and provide the operator with data from sensors (torque, force, position) to assess mutual
positioning with the robot. Visualizing the operation of algorithms, that identify actuator overloads and adjust system
parameters is also necessary. The adaptive control systems being developed must flexibly adapt to changing conditions
and individual user needs. Besides standard programming methods, interfaces based on gestures and voice commands are
gaining popularity; their main goal is to free the user from using keyboards or buttons for input. This report describes our
experiments on demonstrating the mutual intentions of the robot and the operator using laser projections.

2. Technologies for Collaborative Interaction Under Development

Our research focuses on integrating heterogeneous sensor systems, creating universal software [1-10], and expanding
the service zone of robotic complexes through the use of dual manipulators [11-14]. We have developed a method for
identifying intentions in the human-robot system based on a compact laser prototype, that projects pointer arrows, text
prompts, or pictograms onto surfaces (Fig. 1, 2). This led to the concept of a unified information space based on webcam
video streams for cobot-human interaction. If the operator uses wearable sensors (electromyography and/or inertial IMU
sensors), it will enable the creation of algorithms, that dynamically coordinate mutual movements. Compared to known
methods like Kinect, this approach offers the potential to account for the dynamic characteristics of human motion. A
promising direction is cooperation in the "robot-operator” system through the indication of emations, facial expressions
and schematic drawings to demonstrate motivation, based on the principles of synesthesia. This research area is just
beginning to be explored in collaborative robotics.
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It should be noted, that using immersive technologies (AR/VR) often leads to increased operator fatigue, making
"glasses-free" approaches more preferable. However, the issue of high cost for such devices and other challenges remain.
The figure 3 shows a schematic example of human-cobot interaction through the ManyCam program using a webcam,
stereo camera, Kinect 3D scanner, and virtual reality glasses.
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Fig. 3. An example of human-cobot interaction through the ManyCam program.

Simultaneously, the LaserCam application intercepts the video stream from the ManyCam application and controls

the laser projector, displaying emotions. This is what we call the common a “video-streaming common webcam field”
(Figure 4).
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Fig. 4. Emotions laser projections via interaction between ManyCam and LaserCam applications

Developing mobile robots and their algorithms inevitably involves a lengthy debugging process, requiring the creation
of integration software and a virtual development environment [7,10]. Simulators using virtual twins of robotic complexes
for modelling sensory interaction with environmental objects have become widespread. They provide additional
opportunities for debugging intelligent control systems and expanding functionality, including executing loosely defined
tasks, orienting the robot using voice commands, moving objects based on indirect operator cues, and providing guidance
or information about the equipment being interacted with. As part of the "Intelligent Robotronics™ project, we developed
robotic complexes for various purposes and implemented route-following algorithms using ArUco markers or external
control scripts for logistics operations. Specifically, a universal sensor-control unit was created, that works with data from
vision systems, lidars, ultrasonic rangefinders, odometers and features 6 PWM control channels at 30A each. The
implementation is designed for use with an STM32-based microprocessor network and neural accelerators. Work is
underway on force-torque sensing for dual-arm grippers. Tests are being conducted to assess the operator's ability to
navigate using highly compressed images transmitted from the robotic complex, with simultaneous highlighting of target
manipulation objects. Implementing such a system became possible on micro-PCs like Raspberry Pi 3/4 due to a new
method of forming color clusters and histogram analysis for partial object recognition. Transmitting compressed images
allows for a rate of 25 frames per second, even over RS-232 communication channels, due to significantly reduced data
volume. A separate research direction involves using short-range microwave sensors to identify moving objects by
comparing their spectra against background noise. For this purpose, specialized test benches were developed in our
robotics lab to study multi-channel signals.

3. Conclusions

The adoption of collaborative robotics not only enhances productivity and quality, but also improves working
conditions, reduces the risk of injury and makes work more productive and creative. Initial steps have been taken on this
path towards deeper human-robot integration, creating methods for indicating mutual intentions using the laser,
immersive, and other hardware-software technologies presented in this work. The discussed challenges of creating a
software environment for developing sensor-control systems for mobile service robots are being actively addressed and
applied in our developments [7,9,10,14]. The work was partially supported by the Ministry of Science and Higher
Education of the Russian Federation (FFMN-2025-0022 project).

4. References

[1] Pryanichnikov V.Ye., Yastrebov V.V. Sposob svortki izobrazheniy dlya posleduyushchey identifikatsii ob"yektov
servisnymi robotami / Zapis' i vosproizvedeniye ob"yomnykh izobrazheniy v kinematografe, nauke, obrazovanii,
media i v drugikh oblastyakh: XV1 yezhegodnaya nauchno-prakticheskoy konferentsiya. Materialy i doklady, chast'
Il // Pod obshchey redaktsiyey O.N. Rayeva. — Moskva : IPP «KUNA».(A method for convolving images for
subsequent identification of objects by service robots), 2024 pp. 128-135, (UDC 681.5 BBK 32.965), ISBN 978-5-
98547-148-9, https://www.rsuh.ru/education/minot/conf 3d-2024.php2024 S.128-135, (UDK 681.5 BBK 32.965),
ISBN 978-5-98547-148-9, https://www.rsuh.ru/education/minot/conf_3d-2024.php

[2] Gost R 60.1.2.3-2021 /ISO/TS 15066:2016 Roboty i robototekhnicheskiye ustroystva. Trebovaniya bezopasnosti
dlya robotov, rabotayushchikh sovmestno s chelovekom (Robots and robotic devices — Collaborative robots, IDT)

- 0319 -



36TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

[3]
[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Gost R 60.0.0.12— 2023 Ontologii robototekhniki.Ponyatiya i otnosheniya, opisyvayushchiye gruppovoye vzai-
modeystviye (Concepts and relationships describing group interaction)

Davydov O.1., Pryanichnikov V.Ye. Arkhitektura sistemy upravleniya mobil'nogo servisnogo robota. (Architecture
of the control system of a mobile service robot) //Informatsionno-izmeritel'nyye i upravlyayushchiye sistemy, No7,
t.13, 2015, str.41-50

Davydov D.V., Eprikov S.R., Kirsanov K.B., Pryanichnikov V.E. (2017). Service Robots Integrating Software and
Remote Reprogramming, Proceedings of the 28th DAAAM International Symposium, pp.1234-1240, B. Katalinic
(Ed.), Published by DAAAM International, ISBN 978-3-902734-11-2, ISSN 1726-9679, Vienna, Austria DOI:
10.2507/28th.daaam.proceedings.172.

Pryanichnikov V.Ye. Sovmeshcheniye fil'tratsii ul'trazvukovykh dannykh i programmnogo upravleniya lineynym
privodom (Combination of ultrasonic data filtration and software control of a linear drive) / Pryanichnikov V.Ye.//
Pribory+avtomatizatsiya. — 2008. — Ne 12. — S. 22-29

V.Ye. Pryanichnikov, A.A. Aryskin, YU.S. Kolesov, A.YA. Ksenzenko, S.V. Kuvshinov, A.V. Plotnikov, M.D.
Solov'yova, R.B. Tarasov, D.S. Telezhkin, D.K. Fedotov, K.V. Kharin, V.V. Yastrebov. Kompleks Bazovykh Sen-
sorno-Upravlyayushchikh Sistem Mobil'nykh Servisnykh Robotov (A Complex of Basic Sensor-Control Systems
of Mobile Service Robots.) - XVI Vserossiyskaya mul'tikonferentsiya po problemam upravleniya (MKPU-2023):
materialy mul'tikonferentsii (g. Volgograd, 11-15 sentyabrya 2023 g.). V 4 t. T. 1. Robototekhnika i mekhatronika
(RiM-2023) / redkol.: I. A. Kalyayev, V. G. Peshekhonov, S. YU. Zheltov [i dr.]. — Volgograd: VolgGTU, 2023. —
308 s., S.204-207, ISBN 978-5-9948-4703-9 ISBN 978-5-9948-4704-6 (T. 1) https://www.elibrary.ru/query_re-
sults.asp

Pryanichnikov, V[alentin]; Mariia, S[oloveva]; Chernyshev, V[adim] & Kalinin, Y[aroslav] (2023). Analysis and
Modernization of the Dual Manipulator of Service Robots, Proceedings of the 34th DAAAM International Sympo-
sium, pp.0324-0329, B. Katalinic (Ed.), Published by DAAAM International, ISBN 978-3-902734-41-9, ISSN
1726-9679, Vienna, Austria DOI: 10.2507/34th.daaam.proceedings.043.

V.Ye.Pryanichnikov, A.A.Aryskin, A.A.Drachkova, K.E.Brundukova, O.I. Vlasova, A.A.Kartseva, YU.S.Kolesov,
A.V.Snopkov, M.D.Solov'yova, A.l.Telegin, D.S.Telezhkin, A.N.Tikhomirov, A.V.Fedorov, D.K.Fedotov,
V.V.Yastrebov. Eksperimenty po rasshireniyu funktsional'nykh vozmozhnostey mobil'nykh servisnykh robotov
(Experiments to Expand the Functional Capabilities of Mobile Service Robots). «Ekstremal’'naya Robototekhnikay,
Shornik tezisov 34 -y Mezhdunarodnoy nauchno-tekhnicheskoy konferentsii. — Sankt-Peterburg: TSNII RTK - OO0
«Tipografiya Fursova», 2023. — 306 s.. il., S.34-36, ISBN 978-5-6048032-9-5, https://er.rtc.ru/im-
ages/docs/2023/Shornik-tezisov_ER-2023.pdf

Pryanichnikov, V[alentin]; Kolesov, Y[uriy]; Tarasov, R[adomir] & Plotnikov, A[leksey] (2021). Integration Soft-
ware for a Distributed Group of Mobile Service Robots, Proceedings of the 32nd DAAAM International Sympo-
sium, pp.0311-0315, B. Katalinic (Ed.), Published by DAAAM International, ISBN 978- 3-902734-33-4, ISSN
1726-9679, Vienna, Austria DOI: 10.2507/32nd.daaam.proceedings.045

Vasilyev A.V, Lopota A.V. Utochneniye tiporazmernykh grupp nazemnykh distantsionno upravlyayemykh mashin
dlya primeneniya v opasnykh dlya cheloveka usloviyakh (Clarification of standard-size groups of ground-based
remotely controlled vehicles for use in conditions hazardous to humans) // Nauchno-tekhnicheskiye vedomosti
SPbGPU. 2015. Ne 1 (214). S. 226-234

Damic, VJjekoslav]; Cohodar, M[aida] & Muratovic, M[unir] (2017). Dynamic Modelling of Mobile Robots Based
on its 3D CAD Model, Proceedings of the 28th DAAAM International Symposium, pp.0144-0149, B. Katalinic
(Ed.), Published by DAAAM International, ISBN 978-3-902734-11-2, ISSN 1726-9679, Vienna, AustriaDOI:
10.2507/28th.daaam.proceedings.019

A.A. Hatab and R. Dhaouadi, “Dynamic modelling of differential-drive mobile robots using Lagrange and New-
ton-Euler methodologies: A unified framework,” Adv. Robot. Autom., vol. 02, no. 02, 2013.

Plotnikov A.V. Kinetostaticheskaya model' zakhvata ob"yektov servisnymi robotami pri aktivnom peremeshchenii
mobil'noy platformy (Kinetostatic model of object capture by service robots during active movement of a mobile
platform) // Preprinty IPM im. M.V Keldysha. 2023. Ne 14. 21 s., https://doi.org/10.20948/prepr-2023-14 , https:/li-
brary.keldysh.ru/preprint.asp?id=2023-14

- 0320 -



	044

