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I. INTRODUCTION

UAVs find many applications in military as well as in civil applications. For example, video monitoring, photography, search, surveillance and rescue. The attitude and altitude control design is a big challenge due to the nonlinear and strongly coupled dynamic model, parametric uncertainties and in the presence of external disturbances. For this purpose, the control scheme must be robust against external disturbances and modelling uncertainties.

A number of researchers have recently investigated the idea of controlling fixed wing unmanned aircraft. A nonlinear model predictive control is designed to linearly track the reference trajectory of an UAV in [START_REF] Kang | Linear Tracking for a Fixed-Wing UAV Using Nonlinear Model Predictive Control[END_REF]. An optimal control based on numerical approximation is designed to control a small fixed wing UAV maneuver at high angle of attack [START_REF] Cory | Experiments in fixed-wing UAV perching[END_REF]. A comparison of non-linear control techniques which include sliding mode, backstepping, and fuzzy control is carried out with linear control techniques PD and PID in [START_REF] Espinoza | Linear and Nonlinear Controllers Applied to Fixed-Wing UAV[END_REF].

Backstepping, SMC, backstepping with SMC, backstepping with 2SMC, and backstepping with high order sliding mode control for altitude, roll and yaw for a fixed wing UAV are designed and their comparative analysis is carried out in [START_REF] Espinoza | Backstepping -Sliding Mode Controllers Applied to a Fixed-Wing UAV[END_REF]. A backstepping controller for simultaneous longitudinal and lateral directional control of fixed wing UAVs with considerable levels of signal noise is proposed in [START_REF] Sartori | Implementation and Testing of a Backstepping Controller Autopilot for Fixed-wing UAVs[END_REF]. Sliding mode control of fixed wing UAV considering the effects of Stochastic Winds is presented in [START_REF] Hervasa | Nonlinear Control of Fixed-Wing UAVs in Presence of Stochastic Winds[END_REF] and extended Kalman Filter is used for state estimation. In [START_REF] Castaneda | Robust Autopilot for a Fixed Wing UAV Using Adaptive Super Twisting Technique[END_REF] adaptive STA is used to control the attitude and the velocity of a fixed wing Unmanned Aerial Vehicle. To implement these controllers, estimation of immeasurable variables of the UAV is provided by a Robust Differentiator. Furthermore, this control scheme increases robustness since it is not necessary to know the bound of perturbation. An observer based control for the longitudinal dynamic for a small fixed wing UAV is developed that is used to have stable flight in the presence of wind gust in [START_REF] Liu | Disturbance Rejection Flight Control for Small Fixed-Wing Unmanned Aerial Vehicles[END_REF]. A path following approach is used instead of trajectory tracking to account for ambient winds for a fixed wing UAV in [START_REF] Beard | Fixed Wing UAV Path Following in Wind With Input Constraints[END_REF]. An adaptive sliding mode control and extended observer is designed in the presence of external disturbances in [START_REF] Castanedaa | Extended observer based on adaptive second order sliding mode control for a fixed wing UAV[END_REF].

Most of the work carried out in the control design of fixed wing unmanned aerial vehicles is in the continuous time domain. With the advancement in electronics and very large scale integrated circuits, sampled data control of the fixed wing UAV is of utmost importance. A Sample data state feedback stabilization approach based on Euler approximation method is developed for the class of nonlinear systems in [START_REF] Malik | Sampled-data state feedback stabilization of a class of nonlinear systems based on Euler approximation[END_REF]. Higher order sliding mode control (HOSMC) concepts were introduced to exclude the chattering phenomenon. HOSMC not only removes the relative degree restriction but also removes the chattering issues [START_REF] Shtessel | Sliding mode control and observation[END_REF].

This paper presents the sample data sliding mode control using three different approaches. First, the sampled-data SMC is designed using continuous time system. In this technique, the control law is design for the continuous time system and then this control law is discretized. The second technique is by finding the approximate discrete equivalent system of continuous time system and then designing a discrete control law for the discrete equivalent model. To avoid chattering
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The remaining sections of this paper are organised as follow: In section II, the mathematical model of the longitudinal and lateral dynamics of the fixed wing UAV is discussed. Section III explains the design of sampled data control laws designed for the fixed wing UAV. Section IV presents the simulation results of the control laws applied to the UAV model. In section V conclusion and future work are discussed.

II. MATHEMATICAL MODEL OF UAV

With the assumptions that the relevant flight conditions are level and non-sideslipping fight, the decoupled model of the UAV can be separated into longitudinal and lateral dimensions [13].

A. Longitudinal Dynamics

ADTSM for longitudinal and lateral modes of fixed wing UAV are approximated by Euler forward difference method throughout as it preserves the structure of system especially in the case of nonlinear systems.

B. Lateral Dynamics 1) Yaw Motion 2) Roll Motion

III. CONTROL DESIGN A. Sampled-Data SMC Based on Continuous Time System Model

In this technique of control design the control law derived for the continuous time system is discretized. The classical sliding mode control suffers from the undesired chattering phenomenon. Chattering is a serious problem especially in mechanical system because it causes wear and tear in the system. There are different methods developed to reduce chattering. A well-known method is the replacement of the discontinuous signum function with the saturation function. In this method, the real sliding is replaced with the sliding in a small vicinity of the discontinuous surface. However due to the use of signum function the robustness of the controller to the uncertainties is compromised.

The following three control laws have been proposed for the control of altitude, yaw angle and roll angle in discrete time domain.

For altitude control

For yaw control

For roll control The control laws derived for super twisting algorithm in continuous time domain are discretized in the similar manner as for the sliding mode control in previous section.

For altitude control

For yaw control

For roll control

IV. RESULTS

This section presents the simulation results of the control laws derived in the previous section. The controllers designed are applied to the fixed wing UAV for the control of altitude, yaw and roll angles. The velocity and thrust of the UAV are assumed to be constant. Simulations are performed with sampling time of 1ms. It is obvious from the above results that classical sampled-data sliding mode control also exhibits chattering when the signum function is used as a discontinuous control. It is the main disadvantage of the classical SMC. This drawback can be eliminated by using saturation function instead of signum function. But the robustness is compromised in this case. The results of the SMC for control of altitude yaw and roll angle are shown by using saturation function in the control laws instead of signum function. Clearly the chattering in the control effort is eliminated and it is observed that the saturation function is successful in smoothing the control input. But robustness of the control law is compromised.

A. Sampled-Data SMC Based on Continuous Time System Model

The sampled-data SMC is designed that is robust. However the sampled-data also shows chattering in the control input which is also removed using saturation function. Sampled-data is robust to the parameters uncertainties and disturbances. The Sampled-data SMC based of CT system model shows less robustness to the parameter uncertainties and disturbances as compared to the SMC based on ADTES model. Also the SMC based on CT system model shows early fluctuations by increasing the Sampling Time and it becomes completely unstable after 5ms. However, the SMC based on ADTES does not become unstable up to 40ms. So it is concluded the region of attraction for the SMC based on ADTES is wider.

The higher order siding mode control is preferred to the classical SMC because of elimination of chattering. It is clear from the results above that by using super twisting algorithm chattering is eliminated completely. Increasing the sampling time for the sampled-data STA based SMC control; it can withstand the increment up to 100ms. That is much greater than the sampled-data SMC based on CT system as well as ADES. The simulation results, with the wind gust acting as an external disturbance, clearly revealed that the 2SMC is the most robust controller when external disturbances and parametric uncertainties are presented in the system model. The Fifth International Academic Conference for Graduates, NUAA 19-20 October, 2017, Nanjing, China

V. CONCLUSION AND FUTURE WORK

Now a days sampled data control is becoming popular than the continuous time control. Three sampled data controllers for the control of altitude, yaw and roll of fixed wing UAV are presented in this document. Although sliding mode control is robust to the parameters uncertainties and external disturbances, however standard sliding mode control is suffered from chattering phenomenon that can be eliminated with the help of saturation function instead of using signum function but the robustness is compromised. Sampled Data 2-SMC super twisting algorithm is designed to meet the required robustness and also to eliminate the chattering phenomenon.

Sampled Data SMC based on ADESM shows more robustness by increasing the sampling time than the sampled data SMC based on CT system. However 2-SMC super twisting algorithm is most robust to the parametric uncertainties among all the proposed controllers.

The sampled data controls that are derived and simulated can be further extended to sampled data observer design. The stats can be estimated with the help of an observer so we do not need to put sensors on all states. Also, the discrete time system is approximated using approximated discrete time equivalent system. In which there is an error term that is ignored. So the error may be included to further extend this research.
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