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Abstract 
The paper presents a software implementation of multiple model neural filter for radar target tracking. Such 

a filter may be proposed as an interesting alternative for numerical filters. The main purpose of software 

implementation is to provide a tool for complex research of the filter possibilities and adjusting options. 

A concept of a filter is briefly mentioned, however the main body of paper is focused on user-approach 

detailed description of application with UML use-case diagrams. Examples of detailed presentation of use-

cases are given and the general use-case diagram for application is included. The application itself is to be an 

advanced tool for researchers interested in analyzing target tracking process, providing different tracking 

methods and the possibility of adjusting their parameters. The possibility of simulating any scenario, as well 

as working with real data (also on-line) was ensured. The research was financed by Polish National Centre of 

Science under the research project “Development of radar target tracking methods of floating targets with the 

use of multiple model neural filtering”. 

 

 

Introduction 

Marine radar is one of the key devices on the 

bridge of modern vessels. According to Resolution 

of Maritime Safety Committee, the radar equipment 

should assist in safe navigation and in avoiding 

collision by providing an indication, in relation to 

own ship, of the position of other surface craft, 

obstructions and hazards, navigation objects and 

shorelines. For this purpose, radar should provide 

the integration and display of radar video, target 

tracking information, positional data derived from 

own ship’s position (EPFS) and geo referenced data 

[1]. 

Radar target tracking seems to be of vital im-

portance in the aspect of collision avoidance. It can 

be defined as estimating target’s state vector on the 

basis of measured relative positions and own ship 

movement. Based on the information from tracking 

system the OOW may judge the situation and make 

a decision about the suitable manoeuvre to solve 

collision situation. Thus, the quality of target track-

ing has a direct impact on safety of navigation. The 

errors and delays of estimation can cause serious 

misunderstandings and wrong decisions [2]. 

The quality of tracking depends on the tracking 

filter used. Commonly used methods are different 

modifications of Kalman filter. An interesting ex-

ample of these might be a group of so called multi-

ple model methods. The main concept is to provide 

a few elementary filters for tracking targets with 

different movement dynamics (different filter pa-

rameters are required) and join their output for one 

final estimation. The method is well described for 

numerical filters. However, it may be applied to 

other filters. 

Multiple model neural filter for radar target 

tracking is a concept developed in the research  

project, which has been carried out in Maritime 

University of Szczecin, entitled “Development of 

methods of marine radar target tracking with the 

use of multiple model neural filtering”. The re-

search carried out so far has shown that it is legiti-

mate to use such a method for radar target tracking. 

The research results have shown also that, different 

neural network parameters should be used for the 

tracking targets with different dynamics of move-

ment. Thus, the concept of multiple model filter 

arose. The filter consists of a few independent  
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neural networks with different parameters connect-

ed with interaction module, which is responsible for 

proper joining (mixing) of outputs of these net-

works. Final verification of the quality of filtering 

requires suitable implementation of filter in dedi-

cated software. It allows to perform both kind of 

verification research – simulated performance and 

performance based on real data. In order to analyze 

simulated data, a method of Monte-Carlo simula-

tion has been implemented. The data are simulated 

directly in the application with the use of radar 

measurements errors generator. In order to analyze 

real situation the possibility of decoding NMEA 

0183 data is ensured. The data may be read from 

text file placed on the disk or the data can be also 

read on-line from one of the serial port of the PC on 

which the application is installed. The paper pre-

sents the specification of the application including 

verbal description and UML diagrams. This allows 

precise and synthetic presentation of functions  

and possibilities in the application, as well as the 

goal and requirements and graphical user interface. 

The application is opened for future amendments. 

This shall allow complex analysis of radar target 

tracking.  

Multiple model neural tracking filter 

There are many tracking algorithms for estimat-

ing movement vector of radar targets. Most of them 

are the modifications of Kalman filter. The main 

idea of the modification is to include non-linearity 

into tracking process. One of the possible ap-

proaches is the concept of so called multiple model 

filters. A few elementary filters are working simul-

taneously and the final estimation is computed 

as the combination of elementary estimations. 

The state and measurements equations are as fol-

lows [3, 4]: 

    111 ,   iiii MivxMFx  (1) 

    1111 ,1   iiii MiwxMGz  (2) 

where Mi+1 is the model, which has been used at the 

moment of measurement i + 1. The model is chosen 

or combined for the actual state from the bank of r 

modes: 

  r rjji MM  1  (3) 

There are many multiple model filters varied 

with the methods of interaction between elementary 

filters. Many algorithms for numerical filtration can 

be found in [5, 6]. 

There is however another approach possible for 

radar target tracking, namely the use of neural net-

works. The research on this has been carried out in 

Maritime University of Szczecin for a few years. 

The results have shown that the use of General 

Regression Neural Network for the needs of target 

tracking may be an interesting alternative against 

numerical filters. Different variations of such 

a filter have been presented in [7, 8]. It has been 

observed that different network parameters shall be 

used for different movement dynamics. Thus the 

concepts of multiple model filtering and neural 

filter can be combined into one multiple model 

neural filter. It consists of a few neural networks 

working in parallel and their outputs are combined 

together as one final estimation. Proper determina-

tion of filter’s parameters is here the key issue.  

General regression neural network has been 

proposed in [9] for solving regression problems. It 

is in fact the network structure for so called kernel 

regression. In a nutshell, the operation of the 

GRNN for target tracking, gives the output value 

for those new points is estimated by the network 

using the weighted mean of inputs for the teaching 

examples, where weights depend on the distances 

of particular training points from the point for 

which the estimation is performed.  

The structure of GRNN itself may be adjusted 

with one of the three parameters: 

 the length of teaching sequence; 

 the smoothing factor; 

 activation function. 

Apart of these also filter parameters may be  

adjusted like the number of models, manoeuvre 

detection methods or interaction rules. 

There is a need for dedicated software which 

could allow thorough research and examination of 

multiple model neural filter and its parameters in 

different tracking scenarios. The example algorithm 

of two model neural filter may be found in [10]. 

General system architecture 

Software implementation of multiple model 

tracking filter is the main task of the designed  

application. However, it should be perceived also in 

the wider aspect as a part of the entire system suita-

ble for testing tracking methods in simulated and 

real marine environment. In this concept the appli-

cation is an extension for a radar set.  

During the research project a proper radar set 

has been proposed. It can be mounted either on 

a ship or as a mobile land station independent from 

vessel’s sensors. The scheme of the radar set in 

ships’ version is presented in the figure 1. The sys-

tem can integrate many external information for 

other than radar sensors. However, the figure in-

cludes only the sensors important form the tracking  
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point of view, namely: positioning system, heading 

and speed devices. The power supply for elements 

of the system comes from the ship’s supply. 

In the variant of shore station the power supply 

comes from the external power generator. There is 

also a problem of heading, while the radar works as 

stationary station. Suitable NMEA sentences are 

simulated on PC and transmitted to tracking filters. 

The information about targets is transmitted to PC 

via NMEA TTM sentence. Received information is 

used as a measurement for tracking filters (bearing 

and distance) and as reference information for fil-

ters comparison (course and speed). In general the 

application’s functionality is to provide target 

tracking for radar targets with different filters and 

with the possibility of adjusting of parameters of 

filters. 

Functional concept of the application 

User-centered approach was used to present 

functional concept of the implementation. UML 

use-case diagrams allows to represent operations 

required to execute a task assigned by its user [11]. 

They show the main functions performed by the 

system and the resources from outside of system 

needed for the application to perform its main tasks. 

Use-case diagrams are commonly used for software 

documentation [12]. This kind of specification con-

sists of an UML diagram, actors description docu-

ment and possible scenarios tables. 

There are five determined actors that interact 

with the system (Fig. 2). The obvious, main actor is 

an application user. He can start, end and operate 

the application as well as change systems parame-

ters to obtain better / different tracking results. Infe-

rior actors of the systems are: a radar as real-time 

tracking system, a file with previously recorded 

radar data, an error generator used for simulated 

data and a file as the applications output data stor-

age. 

As seen in the figure 2 there are two sets of use-

cases that can be performed. One is strictly related 

to the main purpose of the software – tracking by 

acquiring filtered ship tracks and movement param-

eters as its course and speed. The other group of 

functions is related to building new filters or adjust-

ing parameters for multimodal neural filtering.  

The main flow of the diagram seems more com-

plicated while it uses more independent functions 

for performing real-time or simulated tracking. 

In the software itself two kinds of filters were  

implemented – the numerical Kalman filter and 

the multiple mode neural GRNN filter. If the appli-

cation runs on radar equipped unit then tracks of 

targets are filtered on-the-fly and the results 

(movement vector) are visualized and written to 

a proper text file. If the software is used for testing 

and adjusting filters parameters then the errors  

generator is used to provide noise for simulated 

targets scenario. Application in offline mode also 

can replay tracks from a file containing NMEA 

protocol as it was real-time data and use the same 

built-in filters to obtain and output the result into 

a file. This most commonly used scenario is pre-

sented in a table 1.  

Worth mentioning is the Monte Carlo algorithm 

implemented for management of errors being  

generated. It allows to run the simulated scenario 

defined number of times (initially set to 100) with 

different errors. Their weighted mean is calculated 

together with standard deviation and the output is 

presented on-screen. 

The other group of use-cases is related to either 

creating and adding new filters or adjusting pa-

rameters of GRNN elementary filters and multiple 

model filter to improve tracking results. 

As application is dedicated for research and use 

of multi-modal neural methods for filtering, it al-

lows many options to adjust designed GRNN net-

work for tracking enhancement. It also allows to 

add any type of numeric filter with any parameters  

 

Fig. 1. Radar set for radar target tracking research 
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defined together with it, as long as it recognizes 

bearing and distance as input values and course and 

speed as output. However, adjusting its individual 

parameters from the level of the software isn’t pos-

sible, as this is not a task of neural filtration and 

numerical filters are used only for comparison. 
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Fig. 2. UML use-case diagram of the application 

Table 1. Example of use-case scenario – track vessel 

Use-case Description 

track vessel Choose a work mode (A, B,C) 

 2A. Wait for NMEA from the radar 2B. Open file with recorded NMEA 

2C. 

a) Plan a scenario 

b) (optional) Start MonteCarlo simulation 

c) Start errors generator 

d) Add noise to tracks 

 

Heading and bearing calculation 

Simultaneously filter with chosen filters (Kalman, multimodal GRNN, other created) 

Visualize estimated position and vector 

Write each filtered output (course and speed) to a separate file 

Write calculation for each error to a separate file 

 

Initial conditions: properly configured port for NMEA transmission 

Existing file with proper NMEA content 

Properly planned scenario 

End conditions: filtered course and speed 

 

Remarks: User can stop tracking any time while the function is running. 

User can start tracking (in any work mode) only if the process is not running already. 

Filtration runs simultaneously for all given filters 
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Input data for tracking is text data embedded in 

NMEA 1083 protocol. One of the NMEA sentences 

$RATTM covers bearing and heading readout of 

a target. System awaits and reads the data when it is 

provided with every turn of the radar antenna. An 

example of NMEA 0183 registration of radar track 

is presented in figure 3. If the data is replayed, the 

application uses files with recorded NMEA mes-

sages. In the case of simulation the message is gen-

erated exactly every 3 seconds. 

 

Fig. 3. An example of data recorded in NMEA 0183 format, 

used as an input for an application 

Output is automatically displayed on a screen. 

Besides that a two text files are generated for each 

kind of data stream: unfiltered track, track after 

numeric filtration, track after GRNN filtration and 

track after any additional type of filtration added to 

the application. First file saves course and speed of 

the vessel. In the other errors for each position are 

saved. 

Graphical user interface 

Graphical user interface in many applications is 

designed to be most suited and friendly for future 

user, which are usually only using the functions and 

not interacting with them. This time the idea of the 

interface is to allow the researcher adjusting filter’s 

parameters and scenarios without the need of work-

ing with applications code. Thus, the main impact 

is laid on the functionality and possibilities of the 

interface rather than on its design and lookout.  

The interface consists of the main window and 

three forms for adjusting different parameters, 

namely: 

 filter’s parameters; 

 simulation parameters; 

 interacting parameters. 

Main window layout is showed in the figure 4. 

 

Fig. 4. GUI – layout of the main window of application 

The central panel presents the “bird’s view” 

with the movement of target and of own ship. This 

may be therefore considered as position plan indi-

cator, like in real radars. On the right side two  

panels presenting vessel’s data can be found. 

Above all the panels menu can be found. By select-

ing suitable function from the menu, user can open 

the additional forms.  

The form Filter Parameters allows to choose 

what kind of filter shall be used for tracking – nu-

merical filter or neural filter and the parameters of 

neural filter – how many models and the parameters 

of each model in details like length of teaching 

sequence and smoothing factor. 

The form Simulation parameters offers the pos-

sibility of designing any situation scenario for 

Table 2. Example of use-case scenario – add filter 

Use-case Description 

Add filter Define type of filter (numeric A, neural multi-modal GRNN B). 

 2A. Add filter to library catalog. 

2B  

a) Define number of filters. 

b) Define parameters for each of elementary neural GRNN filters. 

c) Define interaction parameters for elementary filters output. 

d) Add filter to library catalog. 

 

Confirm created filter. 

Chose new filters files path for tracking output. 

Save changes. 

 

Initial conditions: User can perform this action only if tracking procedure is not already running. User can quit this 

action without saving data any time 

End conditions: new filter created 
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simulation or selection of working on-line. Differ-

ent movement of targets can be chosen – in-line 

uniform motion, course manoeuvring or speed 

manoeuvring. Various dynamics of selected ma-

noeuvres can also be chosen by adjusting rate of 

turn or speed rate. 

The form Interacting parameters allows to se-

lect the method of mixing of outputs of elementary 

filters, as well as method of manoeuvre detection in 

case if detection-based approach is selected. Differ-

ent parameters of selected method like transition 

matrix values can be here set. 

Presented GUI makes easier working with ap-

plication and allows quite fast adjusting of the filter 

and situation for the research. 

Conclusions 

Multiple model neural filter seems to be a prom-

ising alternative for numerical tracking filters 

commonly used nowadays in marine radars at sea. 

Initial research conducted so far have given inter-

esting results. More sophisticated research however 

were needed to examine the method and its parame-

ters thoroughly. This could have only been done 

with software implementation of an algorithm. 

Such an application has been prepared and present-

ed in this paper. 

The application includes not only software im-

plementation of multiple model neural tracking 

filter but also a set of methods and functions for 

designing research on target tracking. From this 

point of view an application is a kind of PC-based 

simulator with the possibility of working with real 

data on-line and off-line. The filter itself is imple-

mented in such a way that all possible parameters 

can be easily and freely adjusted. The simulation 

scenario can also be changed as per user request. 

The application contains also other filter, like 

Kalman Filter and IMM is also planned. Further-

more there is a possibility of receiving data from 

tracking filter in real radar. This allows to compare 

results obtained with neural filter to other solutions. 
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