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Abstract – An idea of a Multi Function Radar 
resources management is described. In this kind of 
radar,  in contrast to a classic solutions, a radar 
controller has to manage a lot of parameters and 
particularly, resources. Problems of radar resources 
management and its optimization are described in the 
paper. The multiplicity of limitations connected with 
resources to use, makes resources management 
process very complicated, but necessary. The 
resources to be controlled as well as optimization 
variables, parameters and goal function are 
characterized. The model of a system of radar 
resources controller simulation is presented. The 
priority assignment process for detected objects is 
discussed too. The methods of learning of priority 
assignment module are characterized. 
 
Keywords: Multi function radar, resources 
management, priority assignment. 
 

1 Introduction 
 

A Multi Function Radar (MFR) is a device, that 
among others performs tasks typical for dedicated 
military radars such as: 

− surveillance 2D radar, 
− height finder radar, 
− artillery radar. 

The fusion of the information from these devices 
is possible because of the following reasons: 

− the radar transmitter that enables 
generation of a wide class of signals with 
inner-pulse modulation and manipulation, 

− the phase array antenna with electronically 
controlled beam, that allows two 
dimensional beam positioning in 
approximately any time and direction. Due 
to it an advanced and complex algorithm of 
the volumetric search and track can be 
performed. 

− the signal processor , that: 
• enables compression of the wide class of  

chirp echo signals, the pulse duration and 
carrier frequency, 

• has optimal, in the effectiveness meaning, 
anti-clutter and anti-jamming systems, that 
can work in various environments. 

− the radar controller unit, that realizes all of 
the tasks in real time, chooses the optimal (in 
resources consuming meaning) work 
parameters (i.e. pulse duration, carrier 
frequency, signal processing mode, tasks 
ranking, selection of a search mode, priority 
assignment etc.) 

The radar controller unit, which is the main part of 
interest, can be built up with using artificial 
intelligence methods, such as neural network or 
expert system. The paper describes a part of the 
controller: priority assignment module, which is 
based on the neural network structure. In [1] there is a 
model of transmit signal structure selector built as an 
expert system. These tools allow to make decisions 
under conditions of incomplete knowledge, typical in 
radar environment.  

 

2 The requirements on MFR 
 

The MFR must be compliant with the tactical 
requirements, for instance the target detection with 
given Pd (probability of detection) and Pfa (probability 
of false alarm) in limited time called a frame time. 

The frame time specifies the time, that can not be 
exceeded when the selected volume is maintained. 
This process must be periodically repeated to detect 
new objects coming across the controlled area and to 
service targets detected before. It means that tracking 
of previously detected targets must be performed in 
the same time. The objects may have high velocities 
and accelerations. It causes in high information 
refresh rate. 

Moreover there is strong requirement on “silent” 
radar work to achieve low probability of intercept 
feature (so called LPI radar). 

Taking into account much stronger requirements 
concerning tracking with relation to searching 
process, both of them should be performed in a time 
division. The radar must put a beam dedicated for 
tracking of a previously detected object, every several 
searching pulse.  



The applied antenna system and signal control 
system allow to get the wide range of transmitted 
pulse energy. The decision module of the radar 
controller unit can change the value of a transmitted 
energy, by number of pulses and their duration. 

It is important to take into account the transmitter 
capabilities, particularly maximal values of average 
power or duty cycle. Number of pulses with given 
pulse repetition time decide of time for detection in 
each direction. 

The MFR performs two main tasks: search and 
track. Each of them occupies amount of time and 
energy. The time is characterized by the tactical 
requirements, the energy is limited by disposed 
transmitter energy. Both limitations decide of the 
radar resources allocation. The typical MFR resources 
are presented on Figure 1[2]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The MFR resources [2] 
 

The radar resources are usually not sufficient to 
fully service all of the objects, so it is necessary to 
seek effective algorithms for the radar work control. 
There is an importance of radar tasks ranking in such 
a situation. The radar controller should put the object 
to the schedule according to their priorities. 

 
 
 
 
 

3 The model of the MFR resources 
management system 
 

A project of the MFR resource management 
system model is considered. There are two parallel 
tasks in the system: search and track, that consume 
basic resources: time and energy. Search has lower 
priority and asynchronous mode of operation. It is 
assumed that the radar model has one static phased 
array antenna with electronic scanning that generates 
one pencil beam. The antenna beam directions for 
search process are set up in quassi random way in 
azimuth, according to priority hierarchy given by 
detections and information about directions with 
assigned priorities. The information about the 
detected target is delivered to the tracking subsystem. 

The track is processed synchronously, so it has 
higher priority. The radar tasks consume available 
resources, so the information about the amount of 
consumed resources is needed. The radar controller 
calculates the level of available resources in real time. 
If there is no sufficient level of resources to perform 
the entire task, only those, which have highest 
priority, will be executed. 

The model of the MFR control unit is shown on 
Figure 2. It performs steps as follows: 

− gets an object parameters from the target 
characteristics generator, 

− simulates detection and decides if object is 
friend or foe, 

− the system can assign priority to each target, 
when object is detected and its locations in 
certain moments of time are known,  

− available resources (time and energy) are 
dynamically calculated so the system can 
maintain track of detected target and if there 
are still free resources it performs search on 
selected directions. 

 
The target characteristics generator simulates 

trajectories of the prior defined number of aircraft, 
with using velocities, maneuver levels and 
accelerations. The objects can be friend as well as foe. 
When the beam direction meets object position the 
detection process is initialized. The detection process 
depends of course on many circumstances, but from 
the radar resources management point of view it is 
important that object was detected or not. When the 
object is detected and its parameters such as: range, 
velocity, acceleration and membership are known, the 
system can assign the priority to it.  

The purpose of the structure presented on Figure 2 
is to test the MFR resource controller model. As a 
result of the testing the time characteristics can be 
obtained. The characteristics can verify the controller 
performance in conditions of variables as follows: 
number of targets, Pd, Pfa, target parameters etc.     

The main result of the controller work is, among 
others, the information where to generate the antenna 
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Figure 2. The testing system of the MFR resource 
controller model 

 
 
 
 

 
 
 
Figure 3. The examp le of the task schedule [3] 

where:  Ω i – selected antenna beam position. 
 

4 The priority assignment module 
model 

 
The priority assignment is a separate problem that 

can be solved using for example the neural network. 
When the importance level of each object is known, it 
is possible to schedule radar tasks. The task 
scheduling is necessary because of not sufficient 
resources (typically). As a result targets with higher 
priority will be maintained more frequently than the 
others. The example of a task schedule is shown on 
Figure 3 [3]. 

Features of detected targets listed below can be 
transformed to related signals. The signals determine 
the input vector that is formed in the detected target 
parameters module. The example of the vector xi can 
be as follows: 

x1 – diagonal range [km],   
x2 – radial velocity of target [m/s], 
x3 – information: friend (x3 = 0), foe (x3 =1), 
x4 – acceleration of object [m/s2], 

x5 – object rank (x5 = 0.5, in case when object is 
pointed by upper command, it is possible to 
assume that the value x5  > 0.5 for 
important one or x5 < 0.5 for not 
important).  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The priority assignment module 
 

The components of x vector are multiplied by weights 
wi in the W-block, as it is shown on Figure 4. Then 
the input stimulation signal is calculated as a 
weighted sum of x. 
 

(1) 
 
 
On the output of module there is a nonlinear operation 
f(u) according to activation function (2) (Figure 5): 
 
 

(2) 
 
 
The slope of the function depends on the parameter b. 
The value of b is fixed on the testing stage. For 
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parameter b → ∞ there is the function in a form as 
follows: 
 
 

 
(3) 

 
 

 

5 Weight coefficients calculation 
method 
 

The application of the structure presented on 
Figure 4 has nonlinear output element, so it is 
possible to use learning method with back 
propagation [4] to calculate values of the weight 
coefficients. This method relies on minimizing of the 
mean square error that arises on output. It can be 
defined as: 

 
 

(4) 
 
where:   δ (j) = z(j) – y(j) 

z(j) – requested value of the target rank 
in jth – step of learning, 

y(j)
 – output value of the target rank 

calculated in jth – step of learning for 
w(j) weight coefficients: 

 
 

(5) 
 
 
N  – number of learning pairs:   
<x(i), z(i)>, 
U  – learning set;    

U = <<x(1), z(1)>, <<x(2), 
z(2)>, … , <<x(N), z(N)>>  (6) 

 
According to gradient method of error q 

minimizing it is possible to apply weight coefficients 
calculation algorithm on the basis of the learning set 
as follows: 

 
 

(7) 
 

 
 

where:  
η - learning coefficient.  
 

Starting values of weight coefficients are fixed 
randomly. It is possible to set the weights to wi=0.5. 
It is important to assure the same conditions for the 
training results comparison.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 5. Activation function of the module 
 
The weight coefficients selection algorithm 

ensures the minimization of the error q for established 
learning set U. Because of the structure mentioned 
above, that is compatible with nonlinear neuron 
model, the nonlinear neuron learning algorithm 
should be applied. This kind of system has ability to 
generalize the target rank. Thanks to it there is a 
possibility to assign the priorities for all objects, even 
those not included in learning process. The next stage 
consists of verification such a module as a part of 
MFR resources management system. 

It is worth to emphasize that the module (Figure 
4) has ability to acquire the knowledge during 
operation with real targets. In case of wrong defined 
rank value, the system operator can manually set the 
requested z value and repeat learning according to 
algorithm (4) and (7). 
 

6 Learning sets generation methods 
 

Learning set U described by equation (6) consists 
of value pairs that are: the input signal and requested 
output signal value z. Generation of this can be 
performed in two ways: 
- simulation method with using target 

characteristics generator (Figure 2), 
- using registered real signals. 
 

Both methods require operator – expert. He uses 
its own knowledge and experience, on the basis of 
information X shown on, for example, radar display 
and finally can rank the targets according to their 
importance. Due to established model of output 
signal, the rank of each target is a number from range 
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(0, 1). A block diagram of learning sets generation 
method of sets U is presented on Figure 6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Learning sets generating model 
 
x1 x2 x3 x4 x5 y 

120 500 0 0.0 0.1 0.01 

100 600 0 0.2 0.1 0.05 

100 800 0 0.2  0.2  0.10 

90 1000 0 0.0 0.3 0.15 

120 500 1 0.0 0.1 0.20 

80 800 0 0.3  0.2  0.25 

80 1000 0 0.3 0.3 0.30 

100 600 1 0.1 0.1 0.35 

100 600 1 0.2 0.2 0.40 

50 700 0 0.1  0.3  0.45 

90 700 1 0.1  0.4  0.50 

90 1000 1 0.3 0.2 0.55 

80 1000 1 0.4 0.1 0.60 

70 900 1 0.8  0.5  0.65 

40 1200 0 0.4 0.3 0.70 

70 1200 1 0.5 0.7 0.75 

30 1600 0 3.0 0.5 0.95 

20 2200 1 4.6 0.8 0.99 
 

Figure 7. An example of the learning set 

In case of simultaneous occurring of N targets on 
radar display operator has to put them in order by 
assigning to each object the value of the rank z. 
Estimation of the minimum size of the learning set 
Nmin can be assumed on the basis of the literature [2]. 
It is equal twice number of all weight coefficients of 
module. For input signal defined as a vector of 5 
elements Nmin = 10. An example learning set is shown 
on Figure 7. 

 

7 The network testing results 
The network has been trained with using learning 

sets as on Figure 7. Training and testing results are 
shown on Figures 8-11. Several network 
configurations has been tested, including various 
number of neurons in hidden layer and activation 
function. 
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Figure 8. The training results for network: 5 hidden 

neurons (tansig) and logsig on output 
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Figure 9. The testing results for network: 5 hidden 

neurons (tansig) and logsig on output 
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Figure 10. The training results for network: 25 hidden 

neurons (tansig) and logsig on output 
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Figure 11. The testing results for network: 25 hidden 

neurons (tansig) and logsig on output 
 
The achieved accuracy of the network was 

increasing with the number of neurons, but the 
training time increased too. The assumed accuracy 
value was achieved for 5 neurons in the hidden layer, 
the learning duration was satisfactory. 

 

8 An introduction to the MFR 
resource management optimization 

The problem can be stated: how to perform track 
and search to get the minimal time for maintain whole 
selected area, using available resources, under 
following conditions: 
− radar meets assumed Pd and Pfa, 
− radar fulfills the LPI requirements, 
− radar maintains track of every selected target.  
It is the optimization problem. The optimization 
variables are as follows: 
− direction (α) of the target, 
− distance to the target, 
− transmit signal parameters: number of pulses (n) 
and repetition period (Tp), inner modulation/coding 
mode. 
Main limitations are as follows: 
− system resources: time and energy, 
− the minimum (nmin) and maximum (nmax) 
number of  transmit pulses, 
− necessity of object detection at given Pd and Pfa, 
− unambiguous range detection. 
An optimization criterion – goal function can be as 
follows: 
− minimum number of transmitted pulses, or 
− minimum frame time. 

In the proposed structure the minimum frame time 
has been taken as an optimization criterion. This 
assumption leads to decreasing the frame time at 
assigned quality of performed tasks. Typical situation 
is quite different: the MFR has to perform tasks in 
constant frame time but with flexible performance 
quality.   
Optimization parameters are as follows: 

− shape and size of observed area, 
− probability of detection Pd and probability of false 

alarm Pfa, 
− duty cycle of transmitter. 
 

9 Conclusions   
 
The multiplicity of tasks and strong requirements 

concerning quality of MFR performance, causes the 
necessity of the most effective use of radar resources. 
As a result radar resource management optimization 
is needed. The paper presents problems concerning 
optimization parameters, variables and goal function. 
This process should lead to minimization of the frame 
time.  

It is possible to use neural network in detected 
objects priority assignment module. The proposed 
structure of the module enables correct realization of 
the priority assignment process. It has ability to learn 
due to possibility of weight coefficient wi correction 
according to learning algorithm. For effective 
program work the learning set must be complete. It 
must fulfill requirements as follows:  
- each input signal class must be presented, 
- the learning data must consist of several 

subgroups relating to specific pattern, 
- in each class its statistical changeability must be 

considered; for example the error of target 
parameters measure, 

- the learning data must be put in random order to 
avoid excessive adaptation. The value of N must 
not excess Nmin. 
The learning process should be realized for many 

various data sets, but with using the same starting 
point. After each learning, it is important to save 
values of weight coefficients for verification using 
testing set of large number of elements. In case of not 
satisfying error q level the module must be rebuild. It 
can be done for example by using cascade learning 
algorithm proposed by Fahlman [4]. 
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