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PRINCIPLES OF AUTOMATION OF IDENTIFICATION PROCESSES OF AEROSPACE OBJECT CHARACTERISTICS AT THE FLIGHT TEST STAGE
AEROKOSMISKO OBJEKTU IDENTIFIKĀCIJAS PROCESU AUTOMATIZĀCIJAS PRINCIPI IZMĒĢINĀJUMA LIDOJUMU LAIKĀ
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The necessity to automate the identification processes of characteristics of aerospace objects and their equipment at the flight test stage is considered from the point of view of increasing the flight safety and reducing the psychological pressure on the piloting crew. Development of the corresponding software for onboard computers is offered to be made with the use of new information technologies that overcome the scarcity of dynamical information that is necessary for formation of efficient identification models. It is a prominent feature of aerospace objects, in which all oscillatory processes are undesirable and, therefore, they are damped by special devices in the flight control systems. In these conditions, application of traditional models encounters serious difficulties related to solving singular problems. Because of this and other reasons, the statistical models are also inapplicable. The problem of creating efficient identification models of a new type, which are based on the heavy use of the aprioristic information, therefore, is solved. For reduction of computing difficulties, it is offered to use parallel algorithms for processing of the flight information, based on the use of a new mathematical method related to the application of symbolical combinatory computing models. The possibility of practical application of the new identification models and algorithms is considered from the positions of automation of identification of the aircraft aerodynamic characteristics in landing modes and the characteristics of aircraft engines during flight.
Introduction
The primary processing of flight information in the mode of real flight allows to reduce the amount of signal measurements and to simplify the processes of post-flight analysis. Thus the problem of optimizing the analytical formulas used in the rules for the flight control and the work of the onboard equipment can be solved. The large workload, the significant psychological pressure on the test crew, the subjectivity of its estimates of the results of a flight mode, and the increased risks caused by the human factor in carrying out tests in extreme flight modes put forward an important problem of automation of the processes of identification of aerospace object characteristics. However, there are difficulties in gathering the information about the dynamic properties of aerospace objects, as any oscillatory processes are undesirable and are damped by their control systems. It is done because of the requirements of flight safety. At the flight test stages, special flight modes are applied for gathering such information. By their parameters, they are close to the limits of flight restrictions and it leads to significant risks. First of all, it concerns the research of aerodynamic characteristics of aerospace objects in landing modes and the flight test modes of new aircraft engines equipped on new aircraft designs. In such extreme modes, psychological pressure on the piloting crew is increased.

At the same time, because of the rapidity of the flight mode, the influence of the human factor grows and, consequently, the subjective judgment of the object behaviour should be supported by the results of the automated processing of flight information in the onboard computer in real time. There is a big psychological pressure on the crew of the piloted object, as it is necessary to estimate large amount of information in short time intervals and to make decisions. Therefore, there is an actual problem of automation of a part of the operations related to the identification of object characteristics during flight test stage.

Statement of problem
Automation of identification of the flight characteristics of aerospace objects and their equipment is possible only with the application of efficient mathematical models. However, their development is complicated because of the scarcity of dynamical information, which is a common property of all aerospace objects. Because of the requirements of flight safety, the transients in the flight control system are eliminated by special damping devices, and all its oscillatory motions are considered undesirable. For the formation of efficient identification models, necessary for the automation of tests, there is no numerical information about the values of derivatives of the first and higher orders for the analyzed processes. At the flight test stage, unlike ordinary flights, a part of flight restrictions is removed and the crew is authorized to carry out extreme flight modes near the limits of critical parameters. To a certain degree it improves the prospects of automation. However, it also increases the probability of the loss of aircraft flight stability and engine failure during flight. It can also result from sharp step-like test influences on aircraft controls and thrust lever. The psychological pressure on piloting crew in extreme flight modes also increases and it has not enough time to carry out full and detailed analysis of the characteristics of tested object. Therefore, there is a necessity to support the data of the subjective analysis by the concrete numerical estimations of the flight parameters obtained by calculations in the onboard computer in real time flight mode. The importance of such problem is especially important at the execution of extreme test modes, such as the landing mode and the mode of testing aircraft engines during flight. In such modes, the dangers of losing the aircraft flight stability and engine failure are increased. Especially big risks arise if tests are carried out at small heights. In such modes, it is better to apply smoother test influences, forming them directly in the onboard computer.

Automating the processes of identification using the onboard computer will allow to considerably reduce the amount of information processed during post-flight analysis. Besides, it will allow to correct the parameters of the flight mode, which will reduce the danger of exceeding the limits of flight restrictions. The possibility of automation is quite real since all airplanes have directed flight control modes when at any moment the pilot can return to the manual control.

However, the lack of dynamism of information still remains and in test flight modes it leads to the occurrence of singular situations in identification algorithms. In this case the onboard computer returns false results or the computing process halts. Therefore, a modernization of both onboard computers and traditional computing algorithms is necessary. They should work in parallel modes, and it will allow to process large amounts of information in short time intervals.

Traditional computing algorithms should be improved and should be capable to work in parallel modes in conditions of low dynamism of information. These problems have been solved in works [2, 5, 6, 11, 12, 13] on the basis of application of new mathematical method related to the application of symbolical combinatory computing models.

The main principle of automation of identification processes during aerospace object flight tests is prevention of the occurrence of singular situations in identification algorithms. Also the end results of identification should be related to the physical properties of the identified object. These requirements must be observed when developing the software for onboard computers. They can be complied with if such software will be created on the basis of new information technologies for processing the flight parameters and identification models of an essentially new type. It will not demand additional expenses related to the application of expensive hardware, and it can significantly reduce the duration of the flight test cycle.

Mathematical structure of identification models used during flight test stage
Application of traditional probabilistic identification models at the flight test stage is connected to a number of difficulties. First, because of the short duration of flight modes, it is impossible to collect representative statistics for testing statistical hypotheses. Second, and this is the main reason, noise and disturbances in flight conditions of turbulent atmosphere do not have Gaussian distribution. Third, in the conditions of almost singular equation systems, introducing any additional operators of noise in the model based on subjective assumptions will lead to acquisition of abstract numbers that cannot be decoded in any way.
Because of this, a large class of traditional identification models, which are described in [14], based on relations of the type
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cannot be used for solving problems related to flight tests. Here the parameters of the operator of object 
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 which is introduced on the basis of subjective assumptions. In [6, 7] it has been proved that, in this case, the fragments 
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 will enter as multipliers in the elements of the inverse matrix of the solution of the system of identification equations. As a result, numerical values that cannot be decoded and that are not related to the physical contents of the object will be obtained.

Proceeding from this, it is more appropriate to form the identification models using deterministic principles with the maximal use of the aprioristic information about the parameters of the object and its physical properties.

The difficulties arising because of the lack of dynamism of the flight information can be substantially overcome due to perfection of the structures of mathematical models of identification. They must be coordinated with the physical properties of the identified object and the conditions of model balance must be observed. Such conditions have been considered in [1, 4, 14]. In this case, the initial model can be represented in the form of decomposition of two independent and more efficient models with simpler structure. Conditions of balance can be realized due to the coordination of the structure of models with the characteristics of the test flight mode.
The conditions of balance and decomposition of identification models can be determined by the following theorem.

The theorem. Product of operators
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generates two independent models of identification with zero balance in the field of originals. 

The proof. Let’s present the operators 
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We use notation of the following type
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to write down the original corresponding to Y(p):
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Changing the order of summation, we have:
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Since
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the relation (6) will be transformed into the form:
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Relations (7) and (8) can be used for formation of two independent models of identification. The theorem is proved. 

Consequence. If the condition of zero balance in the mathematical model of identification is observed, the system of equations formed on its basis is consistent, which is a condition for minimizing the errors of identification of dynamic objects. 

Formation of identification models of the basis of operator descriptions of objects (1) allows to develop methods for their optimization based on the use of aprioristic information about their parameters and physical properties. Increasing the usability of identification models and their numerical stability in almost singular situations can be achieved with more active use of the aprioristic information. The latter can be indirectly introduced into the models (7) and (8) with the purpose to minimize their imbalance.

Identification of characteristics of aerospace objects in landing modes

A specific property of these modes is small deviations of flight parameters from their nominal values. Such rigid stabilization of flight parameters is the result of the fact that, in the landing mode, the required angle of attack should be selected by changing the pitch angle so that the weight of the plane is counterbalanced by the vertical component of the lift force. It complicates the mode of piloting, as at various alignments of the airplane and landing speed, the value of the angle of attack will be different. Because of the reduced speed, the lift force also decreases and it increases the influence of wind gusts on the aircraft stability. Piloting is complicated because during aircraft landing, its aerodynamic properties change with the extension of undercarriage and flaps. In such conditions, strictly dosed control adjustments are required.
It is required (see [16]): that all transients should end 12 kilometers before the runway beacon, the angular deviations from the course line should not exceed 0.3 degrees, the deviation relative to the runway centerline should not exceed 1 degree and the deviation relative to the glideslope should be within 0.15-0.25 degrees. The allowed deviation “under the glideslope” is very small, about 0.05-0.07 degrees. From here follows that lack of dynamism of information in the landing mode shows especially strongly. For this reason, formation of efficient identification models with the purpose of its automation represents a serious problem.

However, researching the characteristics of landing modes of new aerospace object designs draws the most attention. Traditional models of identification for such tests are inapplicable and development of models of essentially new type, more resistant to the singularity phenomena is necessary. This problem can be in part solved due to the application of more exact computing algorithms possessing a high degree of parallelism which have been developed in [6, 11, 12, 13]. Application of new mathematical method related to the application of symbolical combinatory models turned out to be successful. However, a further improvement of identification models to facilitate their automation is required. 

This problem is offered to be solved by more heavy use of the aprioristic information about the parameters of transfer operators of identified objects. It is gathered during the design stage and during previous test flights. The basic problem is to express it in a suitable mathematical form that is related to the structure of mathematical model of identification. Besides, it should be processed by special mathematical algorithms, proceeding from the conditions of minimal distortion of its dynamic properties. We shall consider this problem using the problem of automation of identification of aircraft aerodynamic characteristics in landing modes as an example. We shall consider it on a concrete example of the control of airplane in the longitudinal plane using the pitch angle 
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consists of the operator of the servomechanism with time constant [17]. Here, the test influence 
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acts on the input of the servomechanism and the output signal is measured by the sensor of the angular pitch velocity. Step-like test influences 
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where 
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 is the width of the triangular impulse. We assume that the aprioristic information is given in the form of variations of the parameters of the transfer operator (9). 

We examine the possibility of application of identification models of essentially new type, based on the principles of exchange of calculation data between the information spaces included in a unified circuit. During the work of identification model, there is an information interchange between separate spaces of the circuit, that is, the model works in the mode of information monitoring. It is the method that has been developed in [8, 9, 10], and then has been advanced in [4]. Its advantage is that it allows to create reverse information communications in the model of identification. It has allowed to supplement the model with algorithms for decoding the intermediate calculation results and to obtain the end results connected directly with the physical nature of the identified object. In traditional models, this problem was not solved despite the fact that results of identification were abstract numbers and could not be applied in practical problems of control and diagnosis.

The basic requirements to this method have been developed in [8, 9, 10] and they were that the operators of displaying the calculation data in the information circuit should possess isometric properties. It creates demands for algorithms of processing the aprioristic information. To provide acceptable accuracy of identification, it is necessary that models formed on its basis were topologically equivalent among themselves. Proceeding from this, in [8, 9, 10], the method for creating such models in the form of Fourier systems consisting of elements of the best approximation [20] has been developed. There, it has been shown that such models possess the property of topological equivalence. In [4], it has been shown that this property is observed for the objects described by operators (1) because the characteristics of operators of information display are determined by weight functions of objects. It is confirmed by the fact that weight function can be represented by its decomposition into Taylor series:
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After transformations, a Fourier system can be formed from fragments (13), the elements of which will be:
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(12)
Therefore, the vector of spectral coefficients [20] can be determined from the relations:
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From the expressions of 
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 (12), it is visible that between the models in different information spaces the properties of relative isometry, which can become the means for improvement of usability of identification models, are observed. For this purpose, the aprioristic information included in the model should meet the requirements of uniformity, that is, it should concern to the identified objects with a homogeneous physical nature.

The results of application of the method of information monitoring were considered using the example of an object with the operator (9). For the input influence (10), Fourier systems with elements (12) were formed from the results of measurements of 
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. The percentage errors of identification of the coefficients of characteristic polynomial of the operator (9) for different time intervals depending on the dimensions of bases are given in Table 1. From them, it is visible that it is appropriate to apply a procedure for optimization of the choice of bases. According to the theorem, the model of identification can be expressed in the form of decomposition. It allows to choose the time interval in which one of its parts gets a smaller weight, and it can be used for the reduction of the dimension of model. It allows to improve its usability by reducing its sensitivity to the phenomena of singularity.

In this case, such opportunity appears if the difference between the physical properties of the parts included in the identified channel is taken into account. By introducing a time delay for sampling the measurements after the back slope of the test impulse, it is possible to apply independent model only to the identification of aerodynamic characteristics of the airplane because the influence of the dynamic properties of the servomechanism will be reduced. It will be felt as a disturbance with a systematic character. In Fig. 1, its influence on the identified output signal for different values 
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In Table 2, the percentage errors of identification of coefficients of the characteristic polynomial of the airplane operator depending from 
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 and the dimension n of the used bases are given.

The errors have turned out within the acceptable limits, and it highlights the presence of filtering properties of the model of identification. At the automation of identification process, the procedure for optimization of model parameters can be included as part of the software of the onboard computer.

Table 1

Errors of identification of the parameters of operator (10)
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Fig. 1. Change of the pitch angle for three variants
of the servomechanism

Table 2

Errors of identification of airplane characteristics
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Models of identification of characteristics of aircraft engines in test flight modes
Flight tests of new aircraft engines installed on new airplane designs are considered to be the most difficult and are connected with big risks. In these cases, flight parameters come more close to the limit values, at which there can occur the loss of airplane controllability and the engine failure during flight. It happens because of the occurrence of the phenomena of compressor stall in the work of the engine when the angle of attack comes close to critical value. In this case, the shortage of the air flow coming into the engine is created and it leads to its failure [16, 17]. Large and fast adjustments of the thrust lever can also lead to such consequences. For example, sharp reduction of the thrust lever movement can too strongly reduce the supply of fuel that will lead to stopping of combustion and engine failure. Large deviations also are inadmissible.

With the extension of undercarriage, flaps and other wing control surfaces in landing modes, the values of aerodynamic factors sharply change. It leads to the change of the established speed and also can lead to engine failure. The similar phenomena can arise in the mode when impulse influences are applied to the rudder controls while testing the flight stability limits of the airplane. A sign of the possible engine failure is the occurrence of the compressor stall because of the irregular fields of the air flow pressure at the input of the engines. It is reflected in the change of the frequency of rotation of the engine’s turbine. In these conditions, occurrence of vibration and shaking of the airplane is typical, so the level of noise increases and, consequently, it is necessary to improve the filtering properties in the models of identification.

In [4, 8], it has been shown that introduction of additional calculation spaces in the model of identification allows to improve its isometric properties, which allows to improve the filtering properties of models formed using the method of information monitoring. The Fourier bases for such space can be created from the elements 
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We shall consider the method using as an example the identification of the channel of the aircraft engine consisting of the fuel dosing equipment and the turbine [17]. The information about the occurrence of compressor stall phenomena is contained in the results of measuring the frequency of rotation of the turbine 
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The constant of time of the engine is approximately 
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. The model of identification in the matrix form is:
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(16)
For increasing the accuracy of estimating the parameters, additional processing of the flight data is expedient with the purpose of filtration of noise present in them. For this purpose, the property of filtration can be realized during the formation of Fourier bases. It can be done because the operator of base formation has linear properties. It follows from the rule (12), using which the elements 
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are formed. Therefore, the set of vectors from these elements 
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, corresponding to the r-th operator of the form (15), generated on the m-set of time intervals, can be accepted as an element of Fourier system. The matrix of basis H (13) gets the following form:
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(17)

The aprioristic information about the coefficients of the characteristic polynomial of the operator (15), which is given in Table 3, was used. 

Each element of the basis was formed using the principle of compound vector of  matrix (17). Bases were created on the basis of variations of constants of time of the operator (15) and formed in the form of series of consecutive combinations of its elements. In Table 4, the results of identification for various variations of constants of time of the operator (15) are shown.
The bases were created on the basis of variations of constants of time and were formed in the form of series of consecutive combinations of its elements. Change of the errors is shown in Fig. 2 for three variants of bases.

From the obtained data, it is visible that the error of identification is significantly less than the average value of variations of parameters 
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. However, the usability of model should be ensured by using computing algorithms with increased accuracy. It follows from the data in the Table 5 where values of condition numbers of inverse matrices 
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Table 3

Aprioristic information about the coefficients of the characteristic polynomial of the operator (15)
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Table 4

Errors of identification of aircraft engine’s parameters depending on the dimension of bases
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Fig. 2. Change of errors of identification
depending on the characteristics of bases

Table 5

Condition numbers of matrices of identification model
for two variants of the change of aircraft engine parameters
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To ensure good accuracy of parameter estimation using bases with large dimensions, preliminary processing of flight data is necessary with the purpose of filtration of noise present in the data.

It is necessary to take into account that finding the matrices 
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 (16) is connected to the same computing difficulties as the definitions of inverse Hilbert matrices. It is considered that even with the application of supercomputers, it is impossible to solve this problem for orders larger than 10. But the possibilities of this method can be expanded due to application of new information technologies based on the application of parallel algorithms and symbolical combinatory computing models. It has been proved in [11] where 20th order Hilbert matrix has been calculated with 100% accuracy.

Conclusions
Automation of the processes of identification of aerospace object and their equipment characteristics at the flight test stage is advisable to realize in the onboard computer in real time modes. It is necessary to obtain quantitative estimations of characteristics and to reduce the psychological pressure on the piloting crew in such extreme flight modes as aircraft landing and tests of new aircraft engines during flight. However, for such objects, the shortage of dynamical flight information is characteristic, as the transients are damped by their control systems because of the conditions of flight safety. It leads to the occurrence of singular situations in computing algorithms and to difficulties in formation of efficient mathematical models of identification necessary for its automation. 
Therefore, for its realization, new computing algorithms with parallel principles of action based on the use of symbolical combinatory models and new models of identification based on more heavy use of the aprioristic information are developed. Models are based on principles of information monitoring between calculation spaces and allow to realize algorithms for decoding the intermediate results, allowing to obtain results connected to the physical contents of identified objects. Such models possess noise filtering properties. Their algorithms are more stable to occurrence of singular situations in comparison with existing models.

Automation of processes of identification can be realized on the basis of software for onboard computers that is based on new information technologies. Material expenses necessary for carrying out flight test can therefore be lower and their duration will be reduced.
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G.Burovs. Aerokosmisko objektu identifikācijas procesu automatizācijas principi izmēģinājuma lidojumu laikā

Šajā rakstā nepieciešamība automatizēt aerokosmisko objektu un to aprīkojuma raksturojumu identifikācijas procesus testa lidojumu laikā ir apskatīta no lidojumu drošības paaugstināšanas un apkalpes psiholoģiskās slodzes samazināšanas redzes viedokļa. Atbilstošās borta datoru programmatūras izstrādi ieteikts veikt izmantojot jaunas informācijas tehnoloģijas lai pārvarētu darbspējīgu identifikācijas modeļu veidošanai nepieciešamās dinamiskās informācijas trūkumu. Šis dinamiskās informācijas deficīts ir raksturīgs visiem aerokosmiskajiem objektiem, jo tajos visi svārstību procesi ir nevēlami un tiek slāpēti ar speciālām iekārtām lidojumu vadības sistēmās. Šādos apstākļos tradicionālie identifikācijas modeļi saduras ar ievērojamām grūtībām, kas ir saistītas ar deģenerētu uzdevumu risināšanu. Šī un arī citu iemeslu dēļ arī statistiskās metodes nav pielietojamas. Tādēļ tiek risināta tādu darbspējīgu jauna tipa identifikācijas modeļu radīšanas problēma, kuros galveno lomu spēlē intensīvāka apriorās informācijas izmantošana. Lai samazinātu skaitļošanas grūtības, ieteikts izmantot paralēlus algoritmus lidojuma informācijas apstrādei, izmantojot simboliskos kombinatoriskos skaitļošanas modeļus. Jaunu identifikācijas modeļu un algoritmu praktiskas izmantošanas iespēja apskatīta kā piemēru izmantojot lidaparātu aerodinamisko raksturojumu identifikāciju nosēšanās režīmā un aviācijas dzinēju raksturojumu identifikāciju izmēģinājumu lidojumu laikā.

Г Буров. Принципы автоматизации процессов идентификации характеристик аэрокосмических объектов на этапе летных испытаний

Необходимость автоматизация процессов идентификации характеристик аэрокосмических объектов и их оборудования на этапе летных испытаний рассматривается с точки зрения повышения безопасности полетов и снижения психологических нагрузок на пилотирующий экипаж. Разработку соответствующего программного обеспечения для бортовой ЦВМ предлагается производить с использованием новых информационных технологий, чтобы преодолеть дефицит динамичной информации, необходимой для формирования работоспособных моделей идентификации. Он является характерной особенностью аэрокосмических объектов, в которых все колебательные процессы являются нежелательными и демпфируются специальными устройствами в системах управления полетом. В этих условиях применение традиционных моделей наталкивается на серьезные трудности, связанные с решением вырожденных задач. По этой и по другим причинам статистические модели также неприменимы. Поэтому решается задача создания работоспособных моделей идентификации нового типа, в которых основная роль отводится более интенсивному использованию априорной информации. Для уменьшения вычислительных трудностей предлагается использовать параллельные алгоритмы обработки полетной информации, основанные на использовании нового математического аппарата, связанного с применении символьных комбинаторных вычислительных моделей. Возможность практического применения новых моделей идентификации и алгоритмов рассматривается с позиций возможностей автоматизации идентификации аэродинамических характеристик летательных аппаратов в режимах посадки и характеристик авиадвигателей при испытаниях в воздухе.
128
127

_1323547724.unknown

_1323600840.unknown

_1323600929.unknown

_1323601166.unknown

_1323601211.unknown

_1323602624.unknown

_1323602641.unknown

_1323602885.doc


¹















T%















T











n=2











(







)







%















T











n=3











(







)







%















T











n=4











(







)







%















T











n=5











(







)







%







1







5.075







2.117







0.163







0.016







0.044







2







11.313







4.319







0.392







0.043







0.017







3







18.788







7.068







0.819







0.118







0.055







4







27.5







10.818







1.348







0.216







0.069







5







32.5







14.891







2.296







0.488







0.153







6







37.5







20.254







3.192







0.736







0.247







7







42.5







25.668







4.911







1.614







0.419







8







47.5







32.712







6.456







2.172







0.701







9







52.5







39.596







8.948







5.234







1.063







10







57.5







48.397







14.165







6.516







1.865












































































































































_1323602017.unknown

_1323602156.unknown

_1323602012.unknown

_1323601183.unknown

_1323601067.unknown

_1323601098.unknown

_1323600951.unknown

_1323601044.unknown

_1323600849.unknown

_1323600866.unknown

_1323600841.unknown

_1323600655.unknown

_1323600733.unknown

_1323600812.unknown

_1323600839.unknown

_1323600761.unknown

_1323600678.unknown

_1323547755.unknown

_1323547895.unknown

_1323547941.unknown

_1323589001.unknown

_1323547916.unknown

_1323547834.unknown

_1323547740.unknown

_1323547438.unknown

_1323547611.unknown

_1323547663.unknown

_1323547677.unknown

_1323547635.unknown

_1323547566.unknown

_1323547587.unknown

_1323547463.unknown

_1323546319.unknown

_1323546421.unknown

_1323546424.unknown

_1323546425.unknown

_1323546423.unknown

_1323546422.unknown

_1323546341.unknown

_1323546390.unknown

_1323546420.unknown

_1323546340.unknown

_1323546322.unknown

_1323544497.unknown

_1323546258.unknown

_1323546259.unknown

_1323546257.unknown

_1323546256.unknown

_1323544484.unknown

_1323544491.unknown

_1323499467.unknown

_1323506408.unknown

_1321698428.unknown

