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The article considers the option of organizing joint processing of radar information in a multistatic rangefinder - doppler radar 
system. The least-squares method is used to obtain analytical expressions for oblique ranges and radial velocities of targets during 
joint processing of range-finding measurements of various types. The obtained expressions for inclined ranges have some 
similarities with the secondary processing of radar information, with the only difference being that the weighting coefficients for the 
evaluated parameters are updated in the case of successive measurements as data are received, and in the case of joint processing, 
they depend on the number of positions and the number of measurements. It is shown that the joint processing of measurements of 
the inclined range, the sum of the distances, the radial velocity and the rate of change of the total range allows to increase the 
accuracy of measuring the location of an air object and the projections of its velocity vector on the axis of a rectangular coordinate 
system. The physical basis for increasing the accuracy of positioning is to use redundant measurements by processing the total 
ranges. The considered option of processing redundant measurements in a multistatic radar system does not require time to 
accumulate data, and the task of increasing accuracy is solved in one measurement cycle. The potential accuracy of determining the 
location of an air object for different values of the standard errors of the determination of rangefinding parameters in a multistatic 
radar system at various distances between positions has been calculated. For an arbitrary trajectory of an air object, simulation-
statistical modeling was performed, which allows to obtain the mean square errors of determining the location and velocity vector 
of the air object. A gain is shown in the accuracy of determining the location and velocity vector of an air object in comparison with 
traditional algorithms for determining coordinates in long-range multistatic radar systems. 
 
Key words: multistatic radar, rangefinding, sum of distances, radial speed, location, velocity vector, standard error. 

 
INTRODUCTION 

 
The topic of the coordinate measurement in the multistatic radar system (MRS) is covered in 

the remarkable amount of the Russian and foreign academic works. There are different variants of ra-
dar data (RD) processing in the radar and radionavigation systems described in them. The problem of 
the air-break object coordinates high-precision measurement is usually solved by increasing the radar 
system power potential (by increasing of the pilot signal power, high-speed aerial jet effect coefficient, 
radio set response, etc.), expanding of the pilot signal spectrum, using of the coherent integration. 
Nevertheless, the given approaches have a certain number of disadvantages. Increasing of the radar 
system power potential is problematic in certain cases for grounds of the structural system and opera-
tion. Involving the complex and spread spectrum signals allows to increase the range measuring accu-
racy, but while using of antenna systems with the measuring accuracy not high enough to measure the 
angular point the accuracy benefit is not considerable in some cases. 

In the radio navigation tasks the required accuracy is achieved by the choice of the navigation 
space module algorithms advanced development and the best ground flight radio support facilities lo-
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cation; the location of the test station aboard the air-break object at the land-based distance from the 
devices of the user, which allows us to compute the differentional corrections by the precisely known 
base between the receiver units. The article [10] covers the procedure of signal acquisition and meas-
urement in case of interference in the bistatic radar systems. The paper [11] considers in detail the var-
iants of locating the radar and сonnection systems in the MRS which allow to maximize the connection 
between the signal and noise of every single channel; the geometric accuracy factor is contemporarily 
reduced to the minimum. The article [12] grounds the location accuracy tests increasing approaches in 
multilaterality systems; the works [13] and [14] cover the data reduction procedures in certain bistatic 
position couples of the radar system, [15] covers the location accuracy estimation in the conditions of 
the destabilizing factors, exposures, multiple-beam radiowave distribution, etc. The aircraft location 
accuracy involving differentially range-measurement and azimuthal measurements is researched in the 
work [16]. These approaches allow to increase the aircraft coordinates recognition accuracy in some 
cases, but the procedures of collaborative range and Doppler measurement reduction for coordinate 
measurement and object moving items are not covered in these works.  

While the secondary radar information proceeding (SRIP) the optimum filtration procedures 
based on Kalman filter modifications, ,  filtration algorithms [19], spline procedures [20], etc. Tra-
jectory data filtration procedures are limited by the object motion hypothesis and the considerable ob-
servation interval is required for measurement accumulation in the aim of the appropriate accuracy 
achievement while SRIP. The aircraft maneuver cycle performing cuts the filtration algorithms quality 
ratings down and requires some extra procedures in the aim of its sighting and filter beefing-up coeffi-
cients change. 

While the ternary radar information proceeding (TRIP) arrangement the slope estimation accu-
racy is increased by blending of the different RS incentive index marks for one certain object with ac-
count for weight factors which are in inverse proportion to the relevant inadvertency dispersions [21]. 

The radar information complexation while TRIP by the incentive index marks blending based 
on the different RS measurement results requires a-priori knowledge of the object coordinates recogni-
tion inadvertency dispersions or undertaking of the reckoning procedure in the aim of their estimation. 

The purpose of this article is to develop the cooperative measurement proceeding methods and 
algorithms in the range measurement doppler MRS in the aim of the aircraft location investigation and 
the definition of its speed vector projection to the rectangular coordinate system centreline. 

 
THE AIRCRAFT POSITION FINDING INVOLVING THE RANGE MEASUREMENT 

 
The works [1, 2] show that cooperative radar information processing in the MRS is the most 

valuable one as it allows to derive the potentially larger information content from the current aware-
ness. The feature of such a data proceeding approach is that all the positions are able to receive the 
fended signals in the area of responsibility while being irradiated by any relaying position. The coop-
erative data proceeding allows to make the redundant measurements in the system; this is the physical 
basis of the coordinate recognition accuracy increasing. If the quantity of the range measurement items 
(inclined ranges and distance amounts) being estimated is more than the number of required values, 
there will be changes in the MRS which might be used for the line-of sight range recognition accuracy 
increasing as relating to every single coordinate. 

The synergy of spacely spread-out RS with circularly disposed antenna arrays or multiple-beam 
active phased array antennas scanning the defined area in the azimuthal and elevation plane is the vari-
ant of MRS for the cooperative data proceeding. Involving the low directional antennas is also possible 
in case of non-requiring the considerable range according to the mission requirements. 

Let us consider the summarily- range measurement radar system consisting of the send-receive 
positions N. The measurements of slant ܴଵ, ܴଶ … ܴே and summarized rangesܴఀଵଶ, ܴఀଶଵ, ܴఀேሺேିଵሻ  are 
conducted in this system. 
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There are N range measurements and ܰሺܰ − 1ሻ distance amounts measurements possible in 
such a system, which provides us with n = N2 measurements of the estimated parameter. Let us write 
the scalar algebraic coupled equations, according to the considered range measurements. 

 

 

where iR̂ ݅ = 1, ܰ are the slant ranges to the aircraft resp in relation to the i position, and ෠ܴఀ௜௝  
at ݅, ݆ = 1, ܰ,  ݅ ≠ ݆ are the summarized ranges to the aircraft in relation to the i and j positions. 
In the matrix form the coupled equations will take the form of 

 
 ZAz ~ˆ  , (2) 

 
where ̂ݖТ = ฮ ෠ܴଵ, ෠ܴଶ … ෠ܴே, ෠ܴఀଵଶ, ෠ܴఀଶଵ, ෠ܴఀଵଷ, … , ෠ܴேሺேିଵሻ௜௝ฮ is the matrix (row-vector) of the fundamen-
tal measurements; their size is 1 n ; 
A is the coefficient matrix of the indeterminates; their size is N n; ෨ܼТ = ฮ ෨ܴଵ, ෨ܴଶ … ෨ܴேฮ is the matrix (row-vector) of the required range estimations; their size is 1  N. 

The results of the certain measurements might not be used in the real setting, for instance, due 
to the air object dropping. To take the factor into account, let us interpolate the scalar matrix; its size is ݊ × ߉  ݊ = ݀݅ܽ݃ሾߣଵ, ,௜ߣ … , ௡ሿ, 1,iߣ n  this matrix takes into account the presence or absence of the 
relevant measurements. If the measurement i is used while handling the problem, then  ߣ௜ = 1, if it is 
not used, then ߣ௜ = 0. Involving the least squares method in (2), we will obtain [22, 23] 

 
 መܼ = ሺܣܹ߉்ܣሻିଵ(3) ,ݖܹ߉்ܣ 

 
where W is the dispersion matrix of the relevant range-measurement items; its size is ݊ × ݊. 

We shall obtain the covariance inadvertency matrix for the case of dispersion range measure-
ment uniformly precise measurements ߪோଶ = ߪ଴ଶ  and distance amounts ߪோఀ ଶ  ଴ଶ. The matrix diagonalߪ =
element are the range measurement standard error dispersions while the cooperative data proceeding 
in MRS 

 
 ோܹ஼ଶ =  ሻିଵ. (4)ܣ்ܹܣ଴ଶሺߪ
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The solution (3) corresponds to Hauss-Markoff theorem of the effective scalar estimations, be-
cause  the estimation for the certain system of the scalar argument function relation has the minimal 
dispersions among the multitude of the scalar bias-free estimations for any error equations and in case 
of the scalar correspondence to the required items. This solution is reasonable in case of fulfilling  the 
Hauss-Markoff conditions: the observation model is scalar by the coefficients, is rated in a correct way 
and envelops the additive component, the changes are not correlated, expectation function of the eval-
uated process is zero. 

In case of the four-position system, the conjugated coefficient matrix for indeterminate items 
will take the form of: 

 

 

1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0
0 1 0 0 1 1 0 0 0 0 1 1 1 1 0 0
0 0 1 0 0 0 1 1 0 0 1 1 0 0 1 1
0 0 0 1 0 0 0 0 1 1 0 0 1 1 1 1

TA 

 (5) 
 
With regard to (3) and (5) we shall obtain the range amounts while the joint processing of 

measurement: 
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While measuring the doppler frequency shifts as regard to every RiF . position and the doppler 

frequency drift, derived by the rate of change of the total range  ࡾࡲሶ  we might obtain the radial speed ࢏ࢳ
amounts in analogy with (6), where it is necessary to use ሶܴ ௜ = ோሶܨ௜ߣ0.5 ௜ and ሶܴఀ௜௝ = ሶܴ ௜ + ሶܴ௝ = ோሶܨ௜ߣ ఀ௜ 
instead of the ranges and distance amounts. 

The covariance range measurement inadvertency matrix in case of uniformly precise measure-
ments and in case of ࡾ࣌૛ ૛ࢳࡾ࣌ =  ૛ ࢳࡾ࣌ ૙૛ and at࣌ =  ૛ࢳࡾ࣌  , ૙૛࣌4 =  -଴ଶ according to (4) and (5) accordߪ16 = 
ingly will take a form of 
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In the aim of orthogonal coordinates recognition let us consider N non-linear equations which 

link the aircraft required coordinates, 
 

 ܴ௜௞ = ඥሺܺ − ௜ሻଶݔ + ሺܻ − ௜ሻଶݕ + ሺܪ − ℎ௜ሻଶ,  (8) 
 

where xi, yi, hi are the RS location coordinates. 
The orthogonal coordinates might be recognized by using either numerical methods or least 

squares 
 ܼோ = ൫ܣோ்ܣோ൯ିଵܣோ்ݖோ,  (9) 
 

in this case 
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where ݔ߂௜௝ = ௜ݔ − ௜௝ݕ߂  ,௝ݔ = ௜ݕ − ℎ௜௝߂ ,௝ݕ = ℎ௜ − ℎ௝, а ݀௜ = ටݔ௜ଶ + ௜ଶݕ + ℎ௜ଶ  is the distance from  

the origin of coordinates to the i-position. 
 

THE POSITIONING OF THE AIRCRAFT SPEED VECTOR PROJECTION  
ON THE CARTESIAN-COORDINATE SYSTEM AXIS 

 
Let us perform a differentiation of (9) in time in the aim of aircraft speed vector amount recog-

nition on the cartesian-coordinate system axis  
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ሶ௜௝ݔ߂ = ሶ௜ݔ − ሶ௜௝ݕ߂ ,ሶ௝ݔ = ሶ௜ݕ − ℎሶ߂ ,ሶ௝ݕ ௜௝ = ℎሶ ௜ − ℎሶ௝ is the distance change speed between the posi-
tions by the relevant orthogonal coordinates ݔሶ௜, ݕሶ௜, ℎሶ ௜ are the  RS location change speeds,  ሶ݀ ௜ = ൫௫೔௫ሶ೔ା௬೔௬ሶ ೔ା௛೔௛ሶ ೔൯ௗ೔  is the RS moving-off speed from the origin of coordinates. 

In case of the stationary position, ݔሶ௜ = ሶ௜ݕ ,0 = 0, ℎሶ ௜ = 0,  (11) will take a simpler form: 
 

 ሶܼோ = ൫ܣோ்ܣோିଵ൯ܣோ்ݖሶோ,   (12) 
 

 

1 1

2 2

3 3

1 1

N N

N N

R N N

N N N N

R R R R
R R R R

z R R R R

R R R R 




 



 
 
 


 

,   (13) 

 
Based on (9), (10), (12), (13), the aircraft speed vector coordinate and projection recognition on 

the cartesian-coordinate system axis is possible in a single data proceeding cycle without considering 
the limits on the motion hypothesis of the object location. We might recognize the whole aircraft speed 
vector ܸ = ඥ ሶܺ ଶ + ሶܻ ଶ + ሶܪ ଶ  basing on (12) and (13). 

 
THE OBJECT POSITION AND ITS SPEED VECTOR ACCURACY ESTIMATION 

 
Figures 1 and 2 demonstrate the results of calculating the potential aircraft location recognition 

accuracy in the fourposition RS. The distance from the origin of coordinates to every RS is d = 25. The 
resulting error of the aircraft spatial variable location recognition is expressed by the complete correla-
tion matrix [24]   

 
ߪ  = ඥݎݐሾሺି்ܹܦଵܦሻିଵሿ, 

 
where ݎݐ is the matrix trace (the amount of the diagonal elements), and D is the matrix of the partial 
differential coefficient in the form of 

 

ܦ  = ቱቱ
డோభడ௑ డோభడ௒ డோభడுడோమడ௑ డோమడ௒ డோమడு⋮ ⋮ ⋮డோಿడ௑ డோಿడ௒ డோಿడு

ቱቱ. 

 
Range measurement  quadratic mean errors were thought to be equal to ߪ଴ = 50 m. The numeri-

cal calculations were conducted while the aircraft moving in a circumferential direction relating to the 
origin of coordinates on the constant altitude and range R0. The amounts of location recognition quad-
ratic mean errors (QME), derived for the different measurement accuracy, are denoted by some num-
bers in Figures 1 and 2: 1 - the range - measurement system in case of uniformly precise measurement 
without their cooperative proceeding;2, 3, 4 - the cooperative measurement proceeding resp in case of ߪோଶ = ߪ଴ଶ и  ߪோଶఀ ோଶఀߪ  ଴ଶ иߪ = ோଶߪ ,଴ଶߪ16 =  ோଶఀߪ  ଴ଶ иߪ = ோଶߪ  , ଴ଶߪ4 =   .଴ଶߪ = 
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There are the results obtained from the aircraft position and the speed vector modeling for the 
considered MRS recognition in Figures 3 and 4. The primary data measurement inadvertencies are 
subordinated to the normal statistical law with the zero mean and are tied functionally to the ratio of 
signal -to- noise. The aircraft reference coordinates are chosen as X = 0, Y = 1.5d, H = 0.2d. While 
changing the aircraft path the fundamental measurement recognition QME reached the range of  ߪோ= 560 m,  ߪோఀ = 560 m at the radial speed of ߪோሶ  = 26 m/s, the summarized range change speed 
of ߪோሶ ఀ = 210 m m/s. 

 

Fig. 1. The potential accuracy of determining  
the location of an air object at R0 = 4d 

 

Fig. 2. The potential accuracy of determining  
the location of an air object at R0 = 0.5d 

 

Fig. 3. The standard error of determining  
the location of an air object

Fig. 4. The standard error of determining the projection 
of the velocity vector of an air object

 
That is what denoted by the numbers in Figure. 3: 
1 – the aircraft position QME; 
2 – the aircraft position QME in case of cooperative measurement proceeding; 
and Figure 4: 
1 – the aircraft speed vector QME; 
2 – the aircraft speed vector QME in case of cooperative measurement proceeding. 

 
CONCLUSION 

 
The formulas for line-of-sight ranges and radial speeds of the items in case of the cooperative 

measurement proceeding in range-measurement doppler multilocational radar system are derived. The 
recognition of the object location orthogonal coordinates and its movement parameters is possible due 
to these formulas. 
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The principal feature of the data redundancy in MRS is that the considerable amount of time for 
data accumulation is not required, and the problem of increasing the accuracy is handled for the single 
measurement cycle. 

The formulas for line-of-sight ranges are similar to the secondary radar data proceeding proce-
dures. The only contrast is that the weight coefficient of the estimated parameters are brought up to 
date as soon as the data is available in case of QME, and depend on the number of positions and the 
measurements quantity in case of the cooperative data proceeding. 

In the context of the considered instance the potential accuracy of the location recognition is 
1.12 – 2. 25 times for the small-based system and 2.3 – 4.1 for the large-based one. The benefit from 
the location estimation accuracy and the aircraft speed vector on the cartesian-coordinate system axis 
is 1.2 – 2.8 times in the context of the considered instance for the aircraft certain path. 
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СОВМЕСТНАЯ ОБРАБОТКА ИЗМЕРЕНИЙ 
 В ДАЛЬНОМЕРНО-ДОПЛЕРОВСКОЙ МНОГОПОЗИЦИОННОЙ  

РАДИОЛОКАЦИОННОЙ СИСТЕМЕ 
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1Санкт-Петербургский государственный университет  

телекоммуникаций им. проф. М.А. Бонч-Бруевича, г. Санкт-Петербург, Россия   
 
В статье рассматривается вариант организации совместной обработки радиолокационной информации в 
многопозиционной дальномерно – доплеровской радиолокационной системе. Методом наименьших квадратов получены 
аналитические выражения для наклонных дальностей и радиальных скоростей целей при совместной обработке 
дальномерных измерений различных типов. Полученные выражения для наклонных дальностей имеют определённое 
сходство с процедурами вторичной обработки радиолокационной информации с той лишь разницей, что весовые 
коэффициенты при оцениваемых параметрах в случае проведения последовательных измерений обновляются по мере 
поступления данных, а в случае совместной обработки зависят от числа позиций и количества измерений. Показано, что 
совместная обработка измерений наклонной дальности, сумм расстояний, радиальной скорости и скорости изменения 
суммарной дальности позволяет повысить точность измерения местоположения воздушного объекта и проекций его 
вектора скорости на оси прямоугольной системы координат. Физическая основа повышения точности определения 
местоположения заключается в использовании избыточных измерений за счёт обработки суммарных дальностей.  
Рассматриваемый вариант обработки избыточных измерений в многопозиционной радиолокационной системе не требует 
времени для накопления данных, а задача повышения точности решается за один цикл проведения измерений.  
Проведены расчеты потенциальной точности определения местоположения воздушного объекта для различного значения 
среднеквадратических ошибок определения дальномерных параметров в многопозиционной радиолокационной системе 
при различных расстояниях между позициями.  Для произвольной траектории воздушного объекта проведено 
имитационно статистическое моделирование, позволяющее получить  значения среднеквадратических ошибок 
определения местоположения и вектора скорости воздушного объекта. Показан выигрыш в точности определения 
местоположения и вектора скорости воздушного объекта по сравнению с традиционными алгоритмами определения 
координат в дальномерных многопозиционных радиолокационных системах.   
 
Ключевые слова: многопозиционная радиолокация, дальномерные, суммарно – дальномерные, радиальная скорость, 
местоположение, вектор скорости, среднеквадратическая ошибка.  
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