
149 International Journal of Control Theory and Applications

Naresh Kumar Jothi and Suresh Rasappan

Dynamics of Anopheles Mosquito Life Cycle- Break-up Involving 
External Parameters with Nonlinear Feedback Mechanism

Naresh Kumar Jothia and Suresh Rasappana   

aDepartment of Mathematics, Vel Tech University, 400 Feet Outer Ring Road,Avadi, Chennai- 600062, Tamilnadu INDIA
E-mail: nareshsastra@yahoo.co.in, mrpsuresh83@gmail.com.

Abstract: In this paper, the dynamics of anopheles mosquito life cycle breakups is derived. The anopheles mosquito 
life cycle break- up is derived using nonlinear feedback mechanism. The anopheles mosquito life cycle break - up 
is caused by external parameters such as chemicals, electrical action etc. The nonlinear feedback mechanism gives 
a systematic procedure for selecting a controller in anopheles life cycle. The break-ups are derived using Lyapunov 
stability theory. The nonlinear scheme is a recursive procedure that links the choice of a Lyapunov function with the 
design of a controller and guarantees global stability performance of anopheles life cycles.
AMS Subject Classifi cation: 92B05, 35A24, 93C15, 34H15, 34H05.
Keywords: Anopheles mosquito, Malaria, Nonlinear control, Lyapunov. Mathematical model, Anopheles Mosquito, 
Equilibrium states.

1. INTRODUCTION 
Malaria is transmitted in humans by female anopheles. Female anopheles take blood meals to carry out egg 
production, thereby causing a linkage between the human and the mosquito. Anopheles life cycle depends on 
several natural factors but temperature and humidity are the most sensitive natural factors in their life cycle. In 
general 30-40 female anopheles species transmit malaria in nature. The life stage of the Anopheles mosquito 
is categorized into four stages such as egg, larva, pupa and adult. The fi rst three stages egg, larva, pupa are 
in aquatic ([1], [2], [3], [4]). These three stages mostly depend on aquatic temperature ([5], [6], [7]). Once 
adult Anopheles mosquitoes have emerged, the temperature and humidity may transmit malaria successfully. In 
recent years, a nonlinear method has been developed for designing controllers to control the dynamical systems 
( [8], [9] ). A common concept of the method is the design of a globally stable control dynamical system. The 
nonlinear feedback method is based on the mathematical model of the examined system, introducing new 
variables into it in a form depending on the state variables, controlling parameters, and stabilizing functions. 
The diffi cult work of a stabilizing dynamical system is the removal of nonlinearities caused in the system and 
infl uencing the stability of its operation ([10], [11], [12], [13], [14], [15]). The use of nonlinear feedback method 
creates an additional nonlinearity and eliminates undesirable nonlinearities from the system. In this paper, a 
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model for the dynamics of Anopheles mosquito life cycle is constructed and nonlinear feedback control design 
is proposed to break-up the mosquito life cycle. The feedback control technique is applied at every stage of the 
mosquito life cycle. Lyapunov function is utilized to determine the feedback control. This paper is organized as 
follows. In section 2, the system of differential equation is modeled. This differential equation represents the life 
cycle of Anopheles mosquito. In section 3, the life cycle break-up using feedback mechanism is demonstrated. 
In section 4, the simulation work is demonstrated and in section 5, a summary of the results obtained in this 
paper is presented. 

2. DYNAMICS OF ANOPHELES MOSQUITO LIFE CYCLE- BREAK-UP MODEL 
DESCRIPTION

For modelling Anopheles mosquito life cycle, the following assumptions are made.
1. The total population of Anopheles mosquito life cycle consists of four forms, such as adult, egg, larva 

and pupa.
2. In every stage, the natural death rate is considered uniformly.
3. Let bN be the existing population, where b is natural birth rate at adult stage.
4. k is the controller in egg stage at the rate .
5. s is controller in larva stage at the rate .
Fig 1 depicts the fl ow diagram of Anopheles mosquito life cycle.
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Figure 1: Flow Diagram of Anopheles mosquito life cycle
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The Mathematical Model of Anopheles mosquito life cycle ([13]) is given below:
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where A is the number of adult mosquito at time t, B is the number of eggs at time t, L is the number of larva at 
time t, P is the  number of pupa at time t, b is the  natural birth rate at adult stage,  is the rate of adult mosquito 
oviposit,  is the rate, that eggs harsh to larva,  is the rate of larva push up to pupa,  is rate of pupa push to 
adult mosquito,  is the death rate of external parameters at eggs stage,  is the death rate of external parameter 
at larva stage,  is the death rate of larva eat-ups the larvas,  is the normal death rate at all stages and N is the 
total mosquito population.

The external parameters S and K are defi ned as 

 S = P;λ−
α

 K = L.−
γ
σ

3. DYNAMICS OF ANOPHELES MOSQUITO LIFE CYCLE- BREAK-UP INVOLVING 
EXTERNAL PARAMETERS WITH NONLINEAR FEED BACK MECHANISM

In this section, the feedback mechanism technique is used to break the Anopheles mosquito life cycle involving 
external parameters

3.1. Theorem
The modifi ed dynamics anopheles mosquito life cycle break-up is asymptotically stable with the following 
nonlinear controls:

 1 = –L ;
 2 = –B – S
 3 = –A – K ;
 4 = –bN – P ;
 5 = –c ;
 6 = –d (2)
Proof :  The candidate Lyapunov function is taken as

 V = ( )2 2 2 21 P L B A
2

+ + +  (3)

Differentiation of  (3) along the trajectories of the system (1), after some calculation gives                                 

 V  = ( ) ( )1 1 2 2P[ L – P ]  L[ B L S ]a b a bu u u uλ ρ + μ + + + σ − β + λ + μ + α + +

   ( ) ( )3 3 4 4 [ A + K – B ]  A[ N P A ]a b a bu u b u u+ η λ + μ + + + + ρ − η + + +γ μ  (4)
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Substituting equation (2) into (4)  leads to the relation

 V  = ( ) ( ) ( ) ( )2 2 2 2– P L B Aρ + μ − β + λ + μ − λ + μ − η + μ  (5)
Thus by Lyapunov stability theory [17], the modifi ed dynamics of anopheles mosquito life cycle with 

nonlinear feedback controls provided by (2) is asymptotically stable.

4. NUMERICAL SIMULATION

In this paper, the dynamics of anopheles mosquito life cycle non linear feedback control is analyzed. It is 
observed that the each stage  is  feasible. If the death rate of the mosquito population remains a certain threshold 
value then the stage is feasible. Moreover all the solutions converges to the origin.

For the numerical simulations, the fourth-order Runge Kutta method is used to solve the system of 
Anopheles mosquito life cycle differential equations with feedback mechanism u. The parameters of the 
anopheles mosquito life cycle dynamics taken in random. The initial values of the dynamics are also chosen as 
random. 
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Figure 2: Depicts the stability of deterministic anopheles mosquito model

5. CONCLUSION
In this paper, we investigate dynamics of anopheles mosquito life cycle- break-up involving external parameters 
with nonlinear feedback mechanism. Global stability properties of the model are investigated by using Lyapunov 
function. Also we suggested the deterministic model is robust. We show that the Anopheles Mosquito model is 
global asymptotically stable by constructing suitable Lyapunov function. Moreover all the solutions converge 
to the positive equilibrium. Finally, numerical examples are given and diagrams are presented which supports 
our results.
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