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1 Introduction

Current technological developments generally focus on reducing direct human labour through the massive
deployment of automation and robotics, including decision-making processes using artificial intelligence.
This implies a constantly increasing demand for a large number of new innovative applications that
require an adequate amount of energy [10].

The paper deals with the possibilities and to propose strategies for reducing the energy demands
of robot motion through designing optimal control and optimising motion trajectories. Robotics is a rapidly
developing segment with the prospect of continuous growth. Reducing energy demands and optimising
energy consumption are among the main challenges for today and in the future. The approach, offering
to solve these challenges, is a model-based multi-step control. Thanks to the model, such control can
efficiently generate the necessary control actions and thus can achieve energy-optimal motion of a robotic
system [8]. Obtaining the model and its parameters is the main, fundamental issue/obstacle to application
into practice.

The knowledge gap is identified in the insufficiency of interdisciplinary connection:
• mathematical modelling (physical analysis and synthesis of different physical model fundamentals:

mechanical and electromechanical ones);
• optimal control design (control synthesis based on flexible, unified approaches; naturally occurring

nonlinearities and uncertainties in controlled systems) [1];
• parameter identification (adaptivity and suppression of uncertainties of stochastic nature).

The effort is motivated by the need for adaptive control algorithms for complex systems. The term
“complex” implies all aspects that influence the control design, such as suitable modelling procedures
of mathematical-physical analysis, adequate compliance of applied mathematical models with real con-
trolled systems, appropriate reference planning and its proper time-parametrisation [6],[2].

Testing and validation of our new theoretical findings is underway considering and using the class
of real nonlinear dynamic robotic systems with our own developed drive control units connected to the struc-
tural elements of robots [5].

2 Main contribution

Aim is to contribute to solution of this problem/obstacle in an original way on several levels: systematic
multi-physics modelling leading to models based on available ideal design data and refinement of these
models by experimental identification methods, including detection and reduction of critical inaccuracies
of parameters [9], [7]. From the robots point of view, this concerns the global level of control of the entire
robotic structure (kinematics and dynamics of moving masses of robot elements/bodies) and the local level
of control of particular drives (electric motors) [3]. The described arrangement leads to the idea to design
a unified algorithmic strategy based on model predictive control [4]. Such an idea seems straightforward
and already solved. However, in detail, it lacks a solution to the mutual influence of the global and local
levels, where their dynamics differ significantly. The possible solution can lead to the complete overcoming
of the current conventional, mostly empirically designed control approaches.
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3 Conclusion

The article briefly outlines a possible direction for future developments that should reduce energy con-
sumption in industrial robotic applications. A unified approach based on predictive control is proposed,
which, thanks to information about the controlled object – robotic system, will only design as much
energy as is actually needed for the robot’s motion.
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