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	 The Mathematical modeling of human respiratory system is an essentially part in saving precision information of diagnostic about the disease of cardiovascular respiratory system. The physics of respiratory system and cardiovascular are completely interconnected with each other. In this paper, we will study the state feedback control for the inspiratory system during study the characteristics of the response output with  the stability. The model of system is nonlinear and linearized it by Tayler method to be simple to matching with the control theory. We convert the system from differential equation to state equation to find the optimal control that helps to drive the respiratory system. Simulations are managed to indicate the proposed method effectiveness. The results of simulations are validated by using a real information form the health center.
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1. INTRODUCTION 
    The diseases in the World Health Organization of  non-communicable like diseases of respiratory are causing of deaths in the hospitals. The diseases of respiratory and cardiovascular  can be predicted with  real tools and diagnostic information. The mathematical model of  respiratory system  will assist in supplying more information of  diagnostic. It permit to make the complex interaction be accuracy between several systems, and estimate the certain diseases which change the function of normal system as shown in Fig 1.
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Fig. 1 The human respiratory system

   Ireneusz Jabłoński and Janusz Mroczka[1], they have presented a model reduction for respiratory system focused on electrical educed circuit. The chief technique depends on a numerical procedure for parametric and structural analysis that applied to equivalent of forward linear which designed for interrupter experiment conditions. The results was reliable in the frequency and time domain for response of dynamic behavior. 
   Behrang Amini et al. [2], they have developed a model of the central pattern for respiratory system to mimic the medullary neurons salient characteristics. The model has designed and dived by neuron of pacemaking  from complex of pre-Botzinge. The results of this model have been focused on data of voltage clamp.
  Clara M. Ionescu et al. [3], they have provided the respiratory airway mechanical parameters  to make easy the correlation the pathologic changes with fractional-order models. This technique involves of tube length, wall thickness and inner radius for level of airway to collect them into equations for modeling the wall elasticity, flow air velocity, and pressure drop. The parameters of mechanical have derived offer the capability to evaluate the impedance of input by varying the parameters morphology to the disease of pulmonary. 
   Nicolas W. Chbat   et al. [4], they have developed a model of comprehensive cardiopulmonary to take into account the relationship between the respiratory and the cardiovascular systems. This model involves the gas exchange, lung mechanics,  heart, control of cardio-ventilatory and equations of transport. The results have showed good acceptable with date of published patients in case of the simulation of hyperoxic and normoxic. 
  Clara Mihaela Ionescu  et al. [5], they have developed a model to demonstrate the relation between the fractional – order model appearance and the respiratory tree recurrence. This model is enable of simulating the lungs mechanical properties and did compare this model with measurement of vivo for the respiratory input impedance in 20 healthy patients. They have provided an additional of the fractal for  consequence appearance and human lungs in impedance of the total respiratory system.
   He zhonghai  [6], he has designed a model  for sponeous breath and pressure of respiratory muscle. The pressure of respiratory muscle for autonomous respiration  is utilized in the construction of the model. They have got a good results with the tool and flow of respiratory.
   Mario A. Quiroz-Ju´arez et al. [7], they have presented a model with heterogeneous oscillator of cardiac system for ECG waveform.  The model has consisted the pacemarkes of main natural that has represented by equations of van der Pol and ventricular and atrial muscles. They have included an artificial RR-tachogram with the statistics of frequency domain and heart rate by waves of respiratory and Mayer. The standard 12 ECG has computed by the signals of ventricle and atria and this model has been fitted for real patients by clinical ECG.
   Chi-Hsuan Hsieh et al. [8], they have presented  a radar signal of ultra-wideband impulse radio utilized to the features of human respiratory system. They have modified raised a waveform of cosine respiration model that could obtain extra features of inspiratory system such as speed of expiation and inspiration, ratio of respiration holding and respiration intensity. This model has suggested the signal of measured respiration that compared with the model of MRCW and reduced the complexity of computation. The results have showed that system can detect the respiration rates of human at 0.1 to 1 Hz in the real time analyzing.  
   Michael Revow et al. [9], they have provided a framework for automatic neonatal respiratory control has been designed to help the control of respiratory during the period of newborn. A model with perturbation analysis has determined the response of dynamic ventilator was the sensitive to affect  the loop of peripheral chemo reflex. The results have showed that the model provides valuable during the period of neonatal and provides a method  to examine the human infants in clinic units.
  Bailiang Chen et al. [10], they have developed a model and corrected motion of respiratory for free breathing imaging of MR. The respiration was modeled and estimated from sensor of MARMOT and belts of Pneumatic, focused on images of real-time and method of regression. The accuracy of sensor was validate by comparing  errors of motion the kidney. The results was compatible for sensors with environment of MR and the errors of motion of modeling and estimation with sensors were compatible.       

2. MODELING THE RESPIRATORY SYSYEM 
The model of respiratory system in[11-13], the differential equations as 
                     (1)
                                                                             (2)
                                             (3)
                                                               (4)
                                                               (5)
                                                             (6)
     (7)
                                           (8)
                                                               (9)
The changing of oxygen saturation  to inspiration fraction  is 
                                 (10)
The transfer function of output  to   is 
                                      (11)
The response of oxygen saturation of  for the a mature human will be started form 90-95 when applied  from 20% - 40% as shown in Fig. 2.
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Fig. 2. Output SpO2 for human respiratory when FiO2 input.


3. State Feedback Control System

             The dynamical system state is an accumulate of variables that allows estimation the response of future system. The designing the system to be controlled is depicted by a linear state model for the human respiratory and has single input. The control of feedback will be developed by the positioning the eigenvalues of closed loop in required locations.
The typical control system by using state feedback as shown in Fig. 3. The full system includes the dynamic of process, which is linear, the elements of controller  and , the disturbances of process,  and the reference input, . The objective the controller of feedback is to control the system output,that follows the reference input in the disturbances presence. 
The significant of the design the controller is performance specification to be stability. We would like the equilibrium point of the system to be stable by absence of the disturbances. 
[image: ]
Fig. 3  A state feedback controller

The linear differential equation describes by 
 
                                                                      (12)

When we take  to be simple and rejected the signal of disturbance  for test. Our significant is to drive the response of output  to a set point,  
The control law of time invariant is a function of the set point and the state since the state at time  includes all information essential to estimate the behavior of the future system, it can be described by
                                                              (13)
where  is the value of set point.
The control law is relating to block diagram shown in Fig.  . The close loop system got when the feedback is applied to the system (13)is given by
                                             (14)
The problem of control is named the problem of eigenvalue assignment. The value of  does effect on the solution of steady state but does not effect on the system stability. The output of steady state and equilibrium point for the closed loop system are written as
,                           (15)   
Consequently,  should be selected such that ,.
                                                     (16)
The value of  is the zero frequency gain inverse of the closed loop system.  
By utilizing the gains   and , we will design the controller of the closed loop system to meet our aim. 
By modeling the state feedback control , we can get the values of  and . The values of K is 10 and  is 1.
By simulation the human respiratory system and with state feedback controller, we can get the response of output as shown in Fig. 4 .
[image: ]
Fig. 4 The output with state feedback controller
 
 Now we can use another controller is like PID to compare with response of the output and display what is the best.
The transfer function of PID is 
                                     (17)
where  , and  are factors of PID and by tuning the values of these factors, we can get the best response. In this case we chose many values of PID factors and got the best response at values ,and  pi as shown in Fig 5- 7. 
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Fig. 5 The output with PID (Kp =2.1, ki = 2.1, kd = .0005)

[image: ]
Fig. 6 The output with PID (Kp =10, ki = 1, kd = -.0005)

[image: ]
Fig. 7 The output with PID (Kp =50, ki = 1, kd =.0005)

4. CONCLUSION

Modeling of human respiratory system is the main important to study the factors that effects on the lungs, heart ,alveoli , etc. when supply FiO2 inspiratory input between 20%-40% and get the SpO2 saturation output between 90%-95%. To control the SpO2 between ranges 90%-95% with stability response and minimum settling time and zero steady state error, we chose two controllers to compare which one is the best for controller. State feedback controller is more suitable than PID controller. The SpO2 output can get after 50 sec without peak overshoot and zero steady state error when we use state feedback controller but the SpO2 output can get after 550 sec and without peak overshoot and zero steady state error.
. 
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