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RESEARCH OF APPLICATION OF A FUZZY REGULATOR IN A CONTROL SYSTEM OF THE PLANE OF VERTICAL RISE AND LANDING

German N. Kuzmin

St.-Petersburg State University of Aerospace Instrumentation

ABSTRACTS

The application of a fuzzy regulator for automatic control of landing of the plane of vertical rise is considered and the efficiency of his use is compared in comparison with “classical” control systems. Use of situation control in a fuzzy regulator is considered. Use of an automatic procedure of training of a regulator is described.

PREFACE

Use of fuzzy regulator (FR) traditionally is considered effective when the law of control can be described by a rather small set of rules formulated by words. If these rules are correct, for synthesis of a FR it is enough to describe qualitative concepts, with which the rules work, as linguistic variable (LV), and then to apply one of known methods of a conclusion of the decision on fuzzy knowledge [1].

However for a wide class of practical tasks the expert experience as a compact set of rules is absent. Moreover, for many objects even possessed experience of the person - expert has not the special importance, as physical opportunities of the person do not allow with high speed to analyze fast dynamic processes.

In these conditions the special importance is got by algorithms of training of a NR with use of imitating model of object of control.

In the present work the procedure of training of a NR on an example of the decision of a task of automatic landing of the plane of vertical rise and landing (PVRL) is considered. The purpose of training consists in formation of the law of control as the descriptions of reference situations, to each of which there corresponds typical management. With control in real time it is possible to use two strategy: to form a signal of control as a superposition of all rules of control saved in base of knowledge (BK) (for example, on a method of a centre of gravity, see [2]) or to find for the entrance situation which has arisen on object, closest reference situation. 

1. OBJECT OF CONTROL
The most typical circuit of the jet plane VRL is the PVRL with change of a direction of draft of main-lifting engines. The planes with change of a direction of draft of engines can be of two types: with turn of engines and with turn of exhaust jets. The PVRL with turn of exhaust jets flies up and sits at the expense of vertical draft created by a jet of gases, revolved by rotary nozzles. The engine in this case is motionless. The PVRL of the similar circuit have received the greatest distribution, as inertia of the rotary device for nozzles is much less then inertia of the similar device for the engine. 

In the present work we shall consider the plane with the following data: the area of wings 35 m2; take-off weight of the plane 12500 kg; the maximal speed of flight 3000 km/s; the maximal draft of the turbojet engine 170000 N; a corner of a deviation of rotary nozzles 1050. For this plane in work [1] the classical regulator was offered, in which the synthesis of the laws of control on acceleration with a feedback is realized.

The landing of the plane is one of the most difficult and responsible stages of flight. The difficulties of vertical landing are aggravated by that in this case plane should completely extinguish mechanical energy up to the moment of contact with ground.

The circuit of landing of PVRL is developed in view of the basic requirement to this stage of a movement - safety of flight. It is necessary, that the braking of the plane from speed of flight up to small speeds had a place near to ground. Thus, necessary for clearing speed the stage of braking of the plane should be carried out on rectilinear horizontal or slightly inclined trajectories near to ground. On the other hand, the stage of braking of the plane is necessary for carrying out at heights below heights of a standard obstacle. From here it is possible to make a conclusion about necessity of a stage of descent and landing of the plane, which should begin after horizontal or slightly inclined braking.

It is obvious, that the stage of horizontal braking should be preceded by stages of alignment and descent. Thus, general circuit of landing of the plane following: rectilinear decrease of the plane to height 45 … 50 m; a stage of alignments which are coming to an end at height approximately 30 m; a stage of rectilinear braking of the plane above ground and stage of descent and landing. The circuit of such landing is given in a fig. 1.
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Fig. 1. The circuit of landing of PVRL

This circuit reminds the circuit of landings of usual planes, but differs by that the end of alignment and stage of braking are carried out at greater height. In a point A of f beginning of braking the plane should have the given meanings of height and speed of flight, since which it will make a stage of braking. As the point of a beginning of braking is the important control point, the moment of passage it should be distinctly fixed with the help of independent means or means of the ground radio engineering equipment. In this point it is necessary to establish a radiobeacon RB.

Last stage of landing of the PVRL - descent and landing - is most difficult. It can be carried out by two ways. The first way consists that the braking of the plane is carried out up to zero speed in a point B| (fig. 1), which in this case settles down strictly above a point of a landing at height 20 … 30 m, chosen by a pilot. In this point the plane hangs and begins vertical descent so that with a landing to have vertical speed close to zero.

The second way consists that the braking of the plane up to speed 10 … 20 m/s is carried out in a point B, taking place in 50 … 100 m from a point of a landing at height 20 … 30 m. In a point B the plane begins smooth descent so that at ground the plane had vertical speed close to zero.

Let's consider the description of mathematical model of the PVRL with the following assumptions:

· let's consider only longitudinal movement of the plane in unrouse environment;

· at a stage of rectilinear braking the auto pilot with the help of gas rudders maintains the given corner of an inclination;

· the draft of engines does not depend on speed of flight and is constant size;

· the moments from entrance pulses of engines together with all aerodynamic moments are counterbalanced by stabilizers and by gas rudders.

Then it is possible to write down the equations of centre of weights for a longitudinal movement of the PVRL in the vertical plane which is taking place through a given point a landings, in such kind [4] (fig. 2):
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Fig. 2. The circuit of forces, working on the PVRL
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where V - air speed of the PVRL;

( - corner of an inclination of a trajectory;

X - distance of the PVRL up to a point of a landing;

H - height of flight;

T1, T2 - forces of draft of the engine from two pairs of nozzles;

(1, (2 - corners of turn of nozzles;

m - weight of the PVRL;

( - corner of attack;

(= 1,225 N(s2/m4 - density of air on a sea level;

g = 9,81 m/s2 - acceleration of free fall;

S  - area of wings of the PVRL;

CX - factor of frontal resistance;

CY - factor of elevating force;
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- travelling speed of the PVRL;
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 - vertical speed of the PVRL.

The corner of an inclination of a trajectory is defined through a corner of attack under the following formula:
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where ( –  corner of an inclination.

Let's accept an assumption, that the gas jet of the engine forms by one rotary nozzle, located on cent of weight of the PVRL, and the draft from this nozzle is equal to total draft of the engine. It is assumptions quite legally, as the engine is located at centre of weights of the plane, and the nozzles turn by a control system on an identical corner.

Taking into account that fact, that the corner of inclination is constant size, we shall transform system (1) to a kind [3]:
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where F = T1+T2 = F(n) - total force of draft of the engine, nonlinearly dependent on speed of rotation of its turbine n.

2. SITUATION CONTROL

The basic purpose of imitating modeling is the creation of base of knowledge (BK) about object of control. Contents of the filled BK are considered as a set of rules, each of which describes one of reference (typical) situations, which cannot arise on object in common. The typical control decision is connected to each situation. 

With functioning a control system the entrance data acting from gauges, and describing a current condition of object, are compared to all reference situations, then the judgement is born about what typical situation has a place. Structure of a FR for this case illustrates a fig. 3.


Fig. 3. Situation fuzzy regulator

Here S0 and Si - description of an entrance situation and fuzzy situations of BK; Ui - meaning of controls connected to each situation; Uk - control appropriate to a current situation; 

- operation of calculation of a degree of similarity between an entrance situation and i situation of BK; F - operation of transformation to a fuzzy kind.

Thus, the decision is born for the benefit of a rule of BK, which left part in some sense is closest to an entrance situation.

For calculation of a degree of similarity of situations it is possible to use different operations. For example, the entrance situation can be described so:  



                                                      (4)

where n - quantity of LV, included in the description of a situation,; k(i) - quantities of terms (sets of possible meanings) i LV; 

 - meaning of function of an accessory of entrance size yi to a j term of i LV.

Situation of BK are described as:



                                                     (5)

where  

 - accessory of a j term of i LV to a p situation of BK.

Then to calculate a degree of similarity it is possible under the formula:



,          

       

                 (6)

For example, let there are two situations S0 and Sj , into each of which enter till two LV: "speed" both "height", and each LV has till three terms: "large", "average", "small":  

S0 = {(0.1/large; 0.4/average; 0.8/small) / height;

(0.6/large; 0.9/average; 0/small) / speed}.

Sj = {(0/large; 0/average; 1/small) / height;

(1/large; 0/average; 0/small) / speed}.

With these initial data is received:
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The indistinct affinity of situations has appeared rather high.  

The given circuit of situation control admits the further development. The BK can, for example, be organized hierarchically, by introduction metasituations, using separate sites of BK.  

3. LINGUISTIC DESCRIPTION OF PROCESS OF LANDING
For realization of researches above imitating model of the PVRL with the purpose of reception of rules of BK the program in the programming system Delphi 3.0 corporations Borland International Inc. was written. The program allows numerically to integrate system of the differential equations (3) with the given step, to select meanings of control sizes according to the required law of a movement of the PVRL and to remove the necessary numerical and graphic information on behaviour of object of control.

The landing of the plane can be simulated for a wide range of initial meanings on height (20 - 30 m), speed (70 - 80 m/s) and distance up to a point of a landing (1000 - 1500 m).

Entrance meanings for a fuzzy regulator are the mistakes on speed, height and distance up to a point of landing, corner of attack and acceleration received after transformation of exact meanings of these sizes in linguistic meanings. The sets of these meanings will form fuzzy situations, of which develops the BK. On each step of control the search of a current situation in BK is carried out. If a similar situation yet was not, for it the search of optimum meanings of managing sizes is carried out. That is, in the program is realized adaptive FR, as the automatic search of optimum control without participation of the person is made for each situation. 

The program carries out viewing all possible meanings of control sizes with the certain degree of step-type behaviour making for a corner of turn of nuzzles ((=0,01835 rad, and for number of revolutions of the turbine of the engine - (F=60 rev/min. The optimum meanings are defined on minimization of a total mistake on speed, height and distance. The formula for calculation of a total mistake was received by numerous experiments with model:
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The essential importance has a choice of the desirable characteristics of landing. The plane should maximum quickly land in a point with zero meanings of coordinates X and H, completely by lowering speed. 

As have shown experiments, task of the desirable characteristics as dependences of speed, heights and distances from time does not satisfy to parameters of quality of landing. The PVRL sits with a large mistake on distance up to a point of landing back proportional to desirable time of landing. Therefore algorithm of landing of the plane should be independent of time.

As a result of modeling was established that the basic criterion of landing of the plane should be distance up to a point of a landing. In this case desirable change of height from distance is defined by a trajectory of landing (fig. 1), and for dependence of speed on distance the following results were received.

With a movement of the plane with constant negative acceleration the time of landing is minimal. With landing with variable acceleration the plane or sits with a large mistake on speed, or for a large interval of time. Experimentally is received, if X in the pure state enters into a total mistake coordinate, for reception of a movement with constant negative acceleration the desirable dependence of speed on distance should be defined under the following formula:
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The basic task of the linguistic description entrance variable is splitting base set of possible meanings by each variable on terms.

As a result of modeling landing of the PVRL on the whole range of the entry conditions the limits of meanings for all entrance variable of the FR were established. On the basis of these data the terms linguistic variable for mistakes on speed, height and distance up to a point of landing, acceleration and corner of attacks submitted in a fig. 4 were made.

The terms of LV for a mistake on distance are condensed about small meanings X for increase of accuracy of control of the PVRL at a final stage of landing.






Fig. 4. Terms linguistic variable for entrance meanings of the FR

4. BASIC RESULTS
As a result of modeling landing of the plane on the whole range of initial meanings on height, speed and distance up to a point of landing the BK is received, consisting from 508 rules allowing to find of optimum meaning of managing sizes (of number of revolutions of the turbine of the engine and a corner of turn of nuzzles) for any entrance situation. The period of change of control influences makes 500 ms. The degree of similarity between reference situations with drawing up of BK was equal (= 0,5. Experimentally was established, that with (> 0,5 there can be an entrance situation, which cannot be compared a reference situation from BK. With (< 0,5 numbers of situations in BK will be excessive.

Let's consider the comparative characteristics of landing of the PVRL with use the FR and classical regulator considered in [3] with the following entry conditions: V0 = 70 m/s, X0 = 1000 m, H0 = 20 m. In all figures the dotted line shows the diagrams concerning a classical regulator. The trajectories of landing of the plane are submitted in a fig. 5. 


Fig. 5. Trajectories of landing of the PVRL with V0 = 70 m/s, X0 = 1000 m, H0 = 20 m.

The diagrams of change of speed are submitted in a fig. 6.

Fig. 6. The diagrams of change of speed with V0 = 70 m/s, X0 = 1000 m, H0 = 20 m.

The diagrams of change of a corner of attack are submitted in a fig. 7.


Fig. 7. The diagrams of change of a corner of attack with V0 = 70 m/s, X0 = 1000 m, 

H0 = 20 m

The diagram of moving of rotary nuzzles for FR is submitted in a fig. 8.


Fig. 8. The diagram of moving of rotary nuzzles with V0 = 70 m/s, X0 = 1000 m, H0 = 20 m.

The diagram of change of number of revolutions of the turbine for FR is submitted in a fig. 9.


Fig. 9. The diagram of change of number of revolutions of the turbine with V0 = 70 m/s, 

X0 = 1000 m, H0 = 20 m.

The diagram of change of acceleration is submitted in a fig. 10.

Fig. 10. The diagram of change of acceleration with V0 = 70 m/s, X0 = 1000 m, H0 = 20 m.

As it is visible from the given diagrams, fuzzy regulator copes with a task of landing of the PVRL better than classical regulator. The trajectory of landing in this case is closest to ideal, though the time of landing for FR unsignificantly exceeds time for a classical regulator. The changes of meanings of control sizes occur rather smoothly during all time of landing, except a point of transition between stages of landing for 19 seconds of work of a regulator. It is explained by significant change of a corner of attack and criteria of a desirable movement of the PVRL, that causes strong difference of an entrance situation from desirable situations in BK. Therefore during 0,5 - 1 second there is an uncertainty in control of the plane. But it is not reflected in quality of landing of the PVRL because of small duration of this stage of braking.

Let's consider behaviour of the plane during landing with change of the entry conditions. The trajectory of landing of the PVRL with V0 = 70 m/s, X0 = 1500 m, H0 = 30 m is submitted in a fig. 11.


Fig. 11. A trajectory of landing with V0 = 70 m/s, X0 = 1500 m, H0 = 30 m.

The trajectory of landing with V0 = 75 m/s, X0 = 1000 m, H0 = 30 m is submitted in a fig. 12.


Fig. 12. A trajectory of landing with V0 = 75 m/s, X0 = 1000 m, H0 = 30 m.

As it is visible from the given diagrams, FR carries out landing of the PVRL in view of all requirements with any entry conditions from the given range.

CONCLUSION

In the given work the advantage of an indistinct regulator above a traditional control system for the decision of a task of automatic landing of the PVRL was shown. The application of the FR, based on an indistinct conclusion from a superposition of all rules of BK, in the given task is difficultly sold, as the quantity of rules is rather great. Offered situation fuzzy regulator based on search of a reference situation, maximum appropriate current has shown good serviceability. As the drawing up of all rules of BK manually is represented by a difficult task, the program of automatic training of the FR, based on use of imitating model of landing of the PVRL was made.
The given program can be used for drawing up the BK for planes with any parameters. The offered approach for the decision of a problem can be used for the decision of the whole class of similar tasks.

The hardware realization of the FR with situation control can be served a control system on a microcontroller based, for example, on a series 16-digit microcontrollers INTEL MCS-196 having a wide circulation in the built - in control systems.
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