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Motivation
Although a lot of papers have been published for input delay, it is 
worth mentioning that most research is mainly in the field of 
nonsingular fractional-order systems with input delay. For general 
singular systems with input delay, these were rarely studied. In 
short, the contributions are as follows:

1. Using the Smith predictor, observer-based control is first 
studied for fractional-order singular systems with order α (0<α<1) 
and input delay.
2. The necessary and sufficient condition based on nonstrict LMI 
is presented. Then, the condition based on strict LMI is improved.
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System model
For the following fractional-order singular system (1), define the 
state transformation (2) 

Using the properties of fractional calculus, we obtain
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Main lemma
Lemma 1 (Zhang XF and Chen, 2018)    The fractional-order 
linear singular system EDαx(t)=Ax(t) with rank(E)<n is 
asymptotically admissible if and only if the following 
inequalities hold with two matrices X and Y:

where a=sin(απ/2) and b=cos(απ/2). Front In
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Main results
Theorem 1    System (9) with matrices K and L is asymptotically 
admissible, if and only if there exist matrices X1, X2, Y1, Y2, Z, 
and R such that the following inequalities hold:

where a=sin(απ/2) and b=cos(απ/2).  Furthermore, L and K
are given by
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Main results (Cont’d)
Remark 1    Inequalities (11) and (12) are nonstrict LMIs, 
which contain equality constraints. Due to round-off errors in 
numerical calculations, equality constraints are fragile and 
usually cannot be well satisfied. As a result, the strict LMI-
based condition is proposed in the following theorem.
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Main results (Cont’d)
Theorem 2    System (9) with matrices K and L is asymptotically 
admissible, if and only if there exist matrices X1, X2, Y1, Y2, Q, Z, 
and R such that the following inequalities hold:

where a=sin(απ/2), b=cos(απ/2), and S satisfies ES=0.  
Furthermore, L and K are given by
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Simulations
Example 1
System (9) with parameters as follows is considered:

Choose 𝑺 =

−1
1
−2
−1

Then, solving inequalities (24)–(27) and Eq. (28) in Theorem 2, we 
can obtain the feasible solutions as follows:
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Simulations (Cont’d)
Example 1
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Simulations (Cont’d)
Example 2
In this study, the direct current (DC) motor model is used as the 
example shown in Fig. 3. We can obtain Eq. (33). 
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Simulations (Cont’d)
Example 2
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Simulations (Cont’d)
Example 2
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Conclusions
The paper deals with observer-based controller design for 
fractional-order singular systems with α (0<α<1) and input delay. 
Using the linear matrix inequality (LMI) technique, the 
necessary and sufficient condition based on the nonstrict LMI is 
obtained. In the case of random error, the nonstrict LMI-based 
condition will cause trouble. When we improve the condition 
based on the strict LMI, the condition is easier to handle. Finally, 
the numerical example and the DC motor example are given to 
illustrate the effectiveness of the proposed condition. 

In the future, observer-based robust control and observer-
based H∞ control for fractional-order singular systems will be 
studied.
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