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1. Introduction  
In science and engineering, “fractional” calculus is often overlooked . 

Recently, several important results have been obtained in fractional differential 
systems [l,2,3,4]. Stability analysis is a major difficulty in fractional differential 
systems. While many scientists focus on asymptotic stability, it is equally 
important in actual engineering applications to ensure that the state trajectories 
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of the system remain within a given constraint over a specified period of time. 
Various systems, such as rockets, satellites, flight control systems, and robotic 
manipulation systems [5], show the need for short-range operation and 
adherence to trajectory constraints. Lazarevic [6] was the first researcher to 
study finite-time stability in fractional-delay differential systems. Following [8], 
many papers [7-11] applied a similar technique to examine fractional delay 
differential systems. These publications, on the other hand, include the 
development of their fundamental hypotheses,  ( )           ‖ (   )‖  is 
not necessarily monotonically growing with respect to t, resulting in   ( )  
∫ (   )   

 ( )  ( )   
  ,in this instance, the Gronwall inequality cannot be used, 

necessitating the creation of additional methods that do not rely on the function. 
 ( )           ‖ (   )‖  .  

In this paper to develop a sufficient condition for the finite-time stability of 
nonlinear fractional-order delay systems.  

{
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Where   

   
 

   denotes the Caputo −Katugampola Fractional Derivatives of 
order         

   
 

   denotes the Riemann– Katugampola derivative of order 
          and  ( )     for t   [  ,T] , where         ,   

   
 

   
denotes the Riemann −Katugampola Fractional derivative  of order     
     be a positive value .  (     ) [   ]           ,      is a control 
matrix and  ( ) [   ]     is a control function. Finely the function  ( ) is a 
nonlocal function defined on [    ],   (    )   

Preliminaries 
This section talks through certain definitions and lemmas relating to 

fractional calculus. 
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Definition 3 [15, 16]: Let   (   )     [   ]           , The 
left and right Caputo −Katugampola fractional derivatives (C–KFDs) are 
defined respectively by:      
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Lemma 1 [6,71]: Let        ( ) and   ( ) are nonnegative, nondecreasing 
function locally integrable on [0, T) (some      ),  ( )   , and suppose 
that   ( ) is nonnegative and locally integrable on [0, T) with 

 ( )     ( )      ( )     
   ( ) 

on this interval. Then   ( )     ( )  (  ( )  )          [   )  
where    is the Mittag-Leffler function defined by   ( )  ∑   

 (    )
 
    

Lemma 2 [6]: Assume                (   ]                  (    ) . 

Problem Formulation for Proposal system 
In this section, we look at the existence, uniqueness and stability theorems 

for -order nonlinear differential equations. 

Theorem 1: Let        Then the equality       
   (      

     )   ( ) is  ( ) 
while      

    (      
    )   ( ) is satisfied for  ( )    (   ),     . 

Lemma 3 [71]: Let   be a continuous function on a rectangle     [   ]    
[   ] then ∫ ∫   (   )   have the following  ∫ (∫  (   )   

 )   
   

= ∫ (∫  (   )   
 )   

 . 

Theorem 2: Let                                and let      
and      be such that    . Then for       (   ) .Then 
     
    (      

     )       
       ( ) 

Lemma 4 [19, 20]:   If   ( )    [    ] and             
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     ( ))   ( ) 
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Lemma 5: The relation between  Riemann−Katugampola fractional integrals  
and Caputo −Katugampola fractional derivatives  have the following 
formulation      

    (      
    ( ))   ( ) 

Lemma 6: Let us consider a nonnegative function a(t) that is locally integrable 
on 0 ≤ t ≤ T (with some T≤+∞) and g(t) that is a nonnegative, nondecreasing 
continuous function defined on 0≤t≤T g(t)≤ M (constant), where α is greater 
than zero. Furthermore, let us assume that u(t) is nonnegative and locally 
integrable on 0≤t≤T, with a constant. 
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Lemma 7:  Let         and           [                  then 
 ‖(      

   )       (      
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Theorem 3: Let   [         be continuous differential function ,     
then       is a solution of the Caputo −Katugampola fractional  order nonlinear 
differential control nonlocal system (1), if and only if 
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Theorem 4: Consider the following Caputo −Katugampola fractional  order 
nonlinear differential control nonlocal system  and   
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        )         with    (         
[       ) has a unique continuous solution 

3.1 Stability of  the Caputa–Katugampola and Riemann−Katugampola 
Fractional order nonlinear differential control nonlocal system with 
maximal interval (0,T] 

Theorem 5: The solution to the Caputo −Katugampola fractional derivatives 
Riemann−Katugampola fractional order nonlinear differential control nonlocal 
system (1) is         Then the following inequalities holds: 
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3.2 Stability of  the Caputa–Katugampola and Riemann−Katugampola 
Fractional order nonlinear differential control nonlocal system with by 
using step method. 

Theorem 6: Assume that Caputo −Katugampola fractional  order nonlinear 
differential control nonlocal system (1) satisfy the following conditions lemma 
(4) Then the solution of (1) is finite-time stable, if the following conditions is 
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Remark 1: The  Caputo −Katugampola fractional  order nonlinear differential 
control nonlocal system 1.1 is finite-time stable if satisfy the following condition  
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Illustrative example 
This section presents example that demonstrate the finite time stability of 

the Caputo −Katugampola fractional  order nonlinear differential control 
nonlocal system  1.1 as shown in Table 1.  

Example 1: Consider the following the Caputo −Katugampola fractional  order 
nonlinear differential control nonlocal system  1.1, 
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Table 1 

The value of   ,   for             , initial value of         

T                                                     
0.2 38.8.6 88.8.. 688... 888.8. .81..1 .88.61 .8.386 .83.68 .8863. 
0.4 8188..8 ..8.8.1 .88818. ..8..3. .861.. 388..1 88.... 681... 88.8.1 
0.6 8.8.1.. 688...8 818.11. 8.88.11 .3868.6 .68..13 ..81181 .818.8 38.1.3 
0.8 138888. 8186816 638.8.3 6.8.661 888.61. 8.83.63 .188811 .888.61 .8881.. 
1 3.8.8.. 138.1.1 81863.6 6.81811 6683.1. 8.83.1. 8883.81 8.88.11 ..81.81 

Conclusion  
The Caputa and Riemann −Katugampola Fractional order nonlinear 

differential control nonlocal system 1.1 was very difficult for studding since the 
fractional derivative  types has expression are difficult constriction.The 
uniqueness and existence  depended on Generalized Gronwall Inequality of  The 
Riemann – Caputa  fractional derivative was presented first time and make good 
role in stability of the system .The stability of finite time for our presented 
system was depended  on maximal interval or on step  size of maximal interval 
to obtain the guarantee estimation of epsilon. 
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