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METHODS OF SPATIAL MODELLING AND 3D VISUALISATION IN 
MODERN OPERATING SYSTEMS 

 
 This article investigates methods for three-dimensional (3D) 
visualisation of automatic control system data using the graphics 
subsystems of modern operating systems. The mathematical 
framework of geometric transformations, perspective projection, and 
lighting models (in particular, the Phong reflection model) that 
underpins the graphics pipeline for rendering control information in 
SCADA/HMI interfaces is examined. A computer simulation of the 
dynamics of a typical third-order linear control system described in 
the state-space form is performed, and its transient response is 
represented as a phase trajectory in three-dimensional state space. 
The steady-state value is determined, and the transient response time 
is estimated. A computational experiment comparing the rendering 
performance of software-based (CPU) and hardware-accelerated 
(GPU-based) 3D rendering implementations is conducted. The 
relationship between frame rate and the number of scene polygons is 
established, demonstrating that, for scenes of medium and high 
complexity, the hardware implementation delivers approximately an 
order of magnitude higher performance than software rasterisation 
(specifically, at one million polygons, approximately 714 frames per 
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second compared with 71 frames per second). Furthermore, the 
effective memory bandwidth of GDDR6 and HBM2 video memory as a 
function of the volume of transferred graphics data is analysed, 
together with the distribution of frame processing time across the 
stages of the graphics pipeline for different levels of scene 
complexity. The results indicate that the shading and lighting stage 
becomes the dominant contributor to the total rendering time as the 
level of scene detail increases. The proposed methods and the 
obtained results can be applied to the design of SCADA/HMI human
machine interface subsystems with integrated 3D visualisation 
support in both general-purpose and real-time operating systems, as 
well as to the selection of hardware platforms for human machine 
interaction systems requiring high-performance graphical 
visualisation and clear information presentation. 
Keywords: 3D visualisation; graphics pipeline; operating system; GPU; 
control system modelling; phase trajectory; rendering performance; 
SCADA; HMI. 
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