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Digital realization and characteristics of fractional order controllers

CAO Jun-yi, CAO Bing-gang
(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an Shanxi 710049, China)

Abstract: In order to overcome the difficulty of the discretization and application of fractional order controllers (FOC),
the digital realization and control characteristic of FOC are studied in this paper. The limited memory method (LMM) is
derived from the direct discretization of the truncated Grunwald-Letnikov formula. After Z transform with Tustin generat-
ing function, the fractional order calculus can be approximated by continued fraction expansion (CFE), which is called the
Tustin+CFE method. The comparative frequency analysis between them verifies that the Tustin+CFE method dominates
LMM in the sense that the Tustin+CFE method is close to the real fractional order system. Applying the proposed approx-
imation, the control performance simulation is carried out to compare FOC with conventional PID controllers. The results

show that FOC possesses more robust performance for the nonlinearity.
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Fig. 1 Fractional order system
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Fig. 5 Fractional order controllers
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Fig. 6 Fractional order control system in simulink
2.5
2| mmssmssscssessesesas
g 15y | ﬁ\ﬂ:@aﬁﬂnﬂ’] PID #:71]
Ttk ,"Iamr-zstz'r@m«a‘n@ PID #:#il |
0.5
oL

0 2 4 6 8 10

K7 BB PIDEE HIE: A

Fig. 7 Control performance of PID for nonlinearity
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Fig. 8 Robust control performance of FOC for nonlinearity
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