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Variable Universe Fuzzy Control Algorithm Based Simulation and FPGA

Optimization Design
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Abstract: A variable universe fuzzy controller is designed to deal with the complex dynamic behavior of the single-
arm model in this paper. This controller does not depend on the precise mathematical model of a controlled object. In
the closed-loop system, the tracking deviation of angular displacement and its variation rate are used as system inputs.
At the same time, the initial domain of the controller is set as [ -3, 3], which can be changed by a scaling factor.
Furthermore, a Matlab simulation verifies the tracking performance of the single-arm model to the expected command.
In addition, the controller can be optimized by the methods of shift operation and piecewise linearization based on the
field-programmable gate array (FPGA) hardware. Therefore, the structure design of a multiplier-free and zero-
footprint of chip memory significantly reduces the burden of hardware resources. The experimental result shows that the
proposed controller based on the variable universe fuzzy closed-loop control method is superior to several other methods
in accuracy (less than 0.02), adaptability, and real-time efficiency. It can be further applied in the field of engineering.
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Fig.1 Single-arm diagram
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Tab.1 Simulation parameter of single-arm model
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Fig.2 Single-arm closed-loop schematic diagram
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Fig.3 Membership function curve of input and output variables of main fuzzy controller
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auxiliary fuzzy controller
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Tab.3 Rule base of fuzzy controller with expansion factor

i NB NM NS 70 PS PM PB
NB VII VII VII 11 I I v
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Fig.5 Simulation results of single-arm trajectory tracking
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Fig.6 Hardware implementation diagram of fuzzy controller
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Tab.4 k coefficients in piecewise linear function
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Fig.9 Results diagram of FPGA hardware implementation
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Tab.6 Hardware resource utilization
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