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METHOD 

RESULTS & DISCUSSION

Robotics has become an integral part of industry, medicine, logistics, and 
services. Collaborative robots (cobots) can safely interact with humans in 

shared workspaces, combining human cognitive abilities with machine 
precision. The Human-Robot Collaboration (HRC) paradigm is a key 

direction of Industry 4.0. The effectiveness and reliability of collaborative 
manipulators depends primarily on their control system architecture, which 

coordinates motion, force, trajectory, and human interaction. This study 
analyzes modern control methods for collaborative manipulators and 

identifies effective architectural solutions, including impedance/admittance, 
sensor-based, AI-based, and hybrid control strategies.

INTRODUCTION & AIM 

A systematic literature review was conducted covering HRC standards (ISO 
10218, ISO/TS 15066) and key control strategies. Five main control 

approaches were analyzed and compared: (1) Impedance/Admittance 
Control — models force-displacement dynamics, enables safe flexible 

response; (2) Hybrid Force/Position Control — high precision, controls force 
and position on different axes; (3) Sensor- and Vision-Based Control — real-
time adaptation via cameras and IMU; (4) AI-Based Control — fuzzy logic, 

neural networks, reinforcement learning for adaptive behavior; (5) 
Distance/Speed Control — ISO-compliant safety monitoring. Control 

architectures are classified as open-loop, closed-loop, human-in-the-loop, 
centralized, and distributed. The system operates at three levels: high-level 

(trajectory planning), mid-level (sensor fusion, adaptation), and low-level 
(joint control using PID/MPC/impedance algorithms).

Analysis shows that modern control systems evolve from classical position-based toward intelligent sensor-adaptive architectures. Impedance control stabilizes 
the system by regulating force effects via stiffness (K), damping (D), and inertia (M) parameters. Admittance control converts applied human force into natural 

motion. A hybrid admittance/impedance architecture combines both advantages, enabling precise force regulation, flexible response, and safe collision 
reaction. The proposed multi-sensor architecture integrates F/T sensors, joint encoders, IMU, camera, and LiDAR to estimate operator intent in real time. A 
safety supervisor (ISO 10218/15066 compliant) and an adaptive trajectory planning module operate in a unified real-time control loop. Key performance 

requirements: accuracy 0.1-0.5 mm, response time 10-50 ms, collision force limit ≤150 N. Human-in-the-loop and Distributed control approaches are identified 
as the most effective for safe and flexible HRC.

CONCLUSIONS FUTURE WORK/ 
REFERENCES/ACKNOWLEDGMENT 

The study analyzed modern control architectures for collaborative manipulators. A multi-level hybrid 
admittance/impedance control architecture with a safety supervisor and adaptive parameter module was 

proposed. This architecture ensures real-time adaptation to operator motion, precise force control, and safe 
HRC. The proposed system provides the scientific basis for next-generation cobot control in industrial, medical, 

and rehabilitation robotics. Future work will include MATLAB/Simulink modeling, followed by experimental 
validation on a physical prototype.

Future Work: MATLAB/Simulink simulation of the proposed architecture; experimental validation on a 
physical manipulator platform; multi-sensor integration and safety module refinement. References: [1] 

Peshkin et al. (2001) IEEE Trans. Robotics; [2] Hameed et al. (2023) Applied Sciences; [3] Hogan (1985) J. 
Dyn. Sys.; [4] Raibert & Craig (1981); [5] Cherubini et al. (2016) Robotics CIM; [6] Avanzini et al. (2017) 

IROS; [7] Lacevic & Rocco (2018); [8] Li et al. (2021) IEEE Trans. Ind. Electron.; [9] Cheng et al. (2020) IEEE 
Trans. Ind. Inform.; [10] Tsarouchi et al. (2018); [11] Villani et al. (2018) Mechatronics; [12] Hameed et al. 

(2023) Applied Sciences.
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