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where ( ) ( ) ( ) ( ) ( ) ( )[ ] 15
54321: ×ℜ∈= T

txtxtxtxtxtx  is the 

state vector, ( ) ( ) ( )[ ] 12
21

×ℜ∈∈ tytyty  is the system 

output, and 821 ,,, ccc L  are the parameters of the 

system (1), with 01 >c , 04 >c , 41 cc ≠ , and 7685 cccc ≠ . 

In addition, we assume that the signals of ( )tx3  and 

( )tx4  are bounded. 

Remark 1: It is worth mentioning that when 
,20,002.0,2 321 === ccc  and 25.04 =c , the above 

system will produce chaos phenomenon [4]. 

Before introducing the main theorem, we first offer 
the following definition. 

Definition 1. The system (1) is exponentially state 
reconstructible if there exist a state estimator 

( ) ( ) ( )( )tytzhtzE ,=&  and positive numbers k  and α  

such that, for every 0≥t ,  

( ) ( ) ( ) { }5,4,3,2,1,exp ∈∀−≤− itktztx ii α , 

where ( ) ( ) ( ) ( ) ( ) ( )[ ] 15
54321: ×ℜ∈= T

tztztztztztz  

expresses the reconstructed state of the system (1). 
In this situation, the positive number α  is called the 
exponential convergence rate.  

The main theorem of this paper is expounded as 
follows. 

Theorem 1. The system (1) is exponentially state 
reconstructible. Besides, a suitable state estimator is 
given by 
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0,4231545 ≥∀++−= tzzzzzcz& ,  2e) 

with the guaranteed exponential convergence rate 
{ }41,min: cc=α . 

Proof. Define ( ) { }4,3, ∈∀≥ itxM i , from (1), (2) with  

 ( ) ( ) ( ) { },5,4,3,2,1,: ∈∀−= itztxte iii  (3) 

it is easy to obtain that 
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( ) ( ) ;0,22111 ≥∀−−= ttecctec  (6) 
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( ) ( ) .0,21121 ≥∀−= ttectecc  (7) 

Let ( ) ( ) ( )tetetw
2
2

2
1: +=  with (6) and (7), it can be 

readily obtained that 
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This implies that, for every 0≥t , 
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It follows that, for every 0≥t , 

 ( ) ( ) ( ) { }.2,1,00 2
2

2
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1 ∈∀+≤ −
ieeete

tc

i  (8) 

Furthermore, form (1)-(5), one has 
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Owing to (8), it results that 
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.0≥∀ t  (9) 

This completes the proof, in view of (4), (5), (8), 
and (9). 

3. NUMERICAL SIMULATIONS 

Consider the laser system of (1) with 

 ,20,002.0,2 321 === ccc  25.04 =c , (10a) 

 25 =c , 176 −== cc , and 18 =c .  (10b) 

By Theorem 1, we conclude that the system (1) 
with (10) is exponentially state reconstructible by 
the state estimator 

21211 22004.02 yyzzz ++−−=& , (11a) 

12212 242004.0 yyzzz ++−=& , (11b) 

213 yyz += ,   (11c) 

214 2yyz += ,   (11d) 

0,25.0 423155 ≥∀++−= tzzzzzz& , (11e) 

with the guaranteed exponential convergence rate 
25.0=α . The typical state trajectories of the system 

(1) with (10) and those of the system (11) are 
depicted in Figure 1 and Figure 2, respectively. 
Besides, the time response of error states between 
the above two systems is shown in Figure 3. 

4. CONCLUSION 

In this paper, the existence of state estimator for the 
fifth-order laser dynamic system has been explored. 
Using the techniques of differential and integral 
inequalities, a nonlinear state estimator that 
guarantee global exponential tracking has also been 
provided. In addition, the guaranteed exponential 
convergence rate of such a state estimator has been 
rigorously calculated. Finally, several numerical 
simulation results have been offered to show the 
applicability and correctness of the main theorem. 
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Figure 1: Typical state trajectories of the system 

(1) with (10). 

 
Figure 2: Typical state trajectories of the system 

(11). 

 
Figure 3: The time response of error states. 
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