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OPTIMAL ROUTE DEFINITION IN THE RAILWAY INFORMATION 

NETWORK USING NEURAL-FUZZY MODELS 

Purpose. Modern algorithms for choosing the shortest route, for example, the Bellman-Ford and Dijkstra algo-

rithms, which are currently widely used in existing routing protocols (RIP, OSPF), do not always lead to an effective 

result. Therefore, there is a need to study the possibility of organizing routing in in the railway network of infor-

mation and telecommunication system (ITS) using the methods of artificial intelligence. Methodology. On the basis 

of the simulation model created in the OPNET modeling system a fragment of the ITS railway network was consid-

ered and the following samples were formed: training, testing, and control one. For modeling a neural-fuzzy net-

work (hybrid system) in the the MatLAB system the following parameters are input: packet length (three term sets), 

traffic intensity (five term sets), and the number of intermediate routers that make up the route (four term sets). As 

the resulting characteristic, the time spent by the packet in the routers along its route in the ITS network (four term 

sets) was taken. On the basis of a certain time of packet residence in the routers and queue delays on the routers 

making up different paths (with the same number of the routers) the optimal route was determined. Findings. For 

the railway ITS fragment under consideration, a forecast was made of the packet residence time in the routers along 

its route based on the neural-fuzzy network created in the MatLAB system. The authors conducted the study of the 

average error of the neural-fuzzy network`s training with various membership functions and according to the differ-

ent methods of training optimization. It was found that the smallest value of the average learning error is provided 

by the neuro-fuzzy network configuration 3–12–60–60–1 when using the symmetric Gaussian membership function 

according to the hybrid optimization method. Originality. According to the RIP and OSPF scenarios, the following 

characteristics were obtained on the simulation model created in the OPNET simulation system: average server load, 

average packet processing time by the router, average waiting time for packets in the queue, average number of lost 

packets, and network convergence time. It was determined that the best results are achieved by the simulation net-

work model according to the OSPF scenario. The proposed integrated routing system in the ITS network of railway 

transport, which is based on the neural-fuzzy networks created, determines the optimal route in the network faster 

than the existing OSPF routing protocol. Practical value. An integrated routing system in the ITS system of railway 

transport will make it possible to determine the optimal route in the network with the same number of the routers 

that make up the packet path in real time. 
Keywords: routing; OSPF protocol; simulation model; hybrid system; term; membership function; sample; error 

Introduction 

At present, various scientists have been search-

ing for a solution of the routing problem in the 

computer networks based on the use of neural net-

works [1, 3–4, 6, 14, 19]. The first such attempt 

was made by Hopfield to solve the traveling 

salesman problem [11]. Pavlenko M. A. analyzed 

the possibilities of some neural networks: multi-

layer perceptron, Hopfield network, RBF network 

for organizing routing of five routers [6]. It has 

been established that the most promising way to 

solve the routing problem is the Hopfield`s net-

work, which is able to operate in real time, but in 

the case of using it one needs to conduct additional 

studies of the transfer functions of neurons and the 

energy function of the neural network [4, 8, 11, 

18]. 

In turn, fuzzy neural networks (hybrid systems) 

are designed to combine the benefits of neural 

networks and fuzzy inference systems [13, 17]. 

This makes it possible to develop and submit the 

systems models in the form of fuzzy product rules 

to construct which the capabilities of the neural 
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networks are used. For example, the Adaptive–

Network–Based Fuzzy Inference System (ANFIS) 

implemented in the MatLAB Fuzzy Logic Toolbox 

application [9–10]. In the work [2], in particular, 

Kovalenko T. A. determined the route in the com-

puter network based on the neural fuzzy network, 

to the input of which the following parameters are 

supplied: number of transitions, data transmission 

speed; as a resultant characteristic the time of the 

packet residence in the route was taken. But it is 

appropriate for the railway ITS network to consid-

er a change in the traffic intensity rather than a data 

transmission speed that requires the construction of 

a neural network of another structure. In addition, 

based on the estimated packet transmission time in 

the network, it is advisable to determine the route 

itself, provided the same number of routers on the 

paths of the packet, which also requires the crea-

tion of additional neural network. 

Previously, the authors of the works [7, 15–16, 

20] have already presented the results of studies of 

the use of intellectual means in the railway ITS 

network: Hopfield network and multi-layer neural 

network, ant and genetic methods. In addition, the 

possibility of using the RIP protocol in the 

Prydniprovska Railway network on a software 

model was investigated. But nowadays, new mod-

eling systems have emerged that allow us to create 

simulation models of networks and conduct re-

search on them. Among them, the OPNET Model-

er system [5, 12], which combines analytical 

methods and simulation tools. 

Purpose 

In our work, we envisage for the railway ITS 

network to develop a methodology for determin-

ing the optimal route based on the use of fuzzy 

neural networks. For their modeling to generate 

samples on a simulation model of the railway ITS 

network fragment created in the OPNET Modeler 

system. 

Methodology 

Problem statement. Today, the railway 

transport ITS network, the fragment of which is 

presented in Fig. 1, is being constructed based on 

an optical transport network. Conceptually, to con-

struct a single data network of Ukrzaliznytsia, Cis-

co network equipment was selected, which is  

a single hardware and software complex. At the 

present stage in the railway ITS network, the router 

performs OSPF (Open Shortest Path First) pro-

tocol, as it is a common standard supported by var-

ious network equipment manufacturers and avoids 

closed loops during development of the data 

transmission networks at the railway transport of 

Ukraine. 

Given that the packet transmission time on the 

network channel is much shorter, it is only advisa-

ble to consider the packet residence time on the 

routers that make up its path in the ITS network. 

Given that the packets are received by the router 

according to the Poisson law and the distribution of 

processing time is exponential, we have the 

М/М/1model. Then the packet residence time on 

the router is calculated in the following way:  

 w pr
i i it t t  , (1) 

where it  – package residence time on the i-th rout-

er, μs; w
it  – packet waiting time in the queue on the 

i-th router, μs; pr
it  – packet processing time by the 

i-th router, μs. 

In turn, the processing time of packet by the i-

th router can be calculated by the well-known for-

mula: 

 
pac

pr
i

L
t

V
 , (2) 

where pacL  – packet length, byte; V – the rate of 

data staging by the router, Mbps (in particular for 

Fast Ethernet 100 Mbps). 

The number of packets processed by the i-th 

router will be: 

 pr
i i it    , (3) 

where i  – the intensity of packets receipt to the i-

th router, packet/s. 

Then the calculation of the packet waiting time 

in the queue on the i-th router is calculated by the 

following formula: 
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It is necessary to determine the optimal route of 

packet in the railway ITS network provided that: 

 
1

min
K

i

i

t


 , (5) 

where K – is the number of intermediate routers 

that make up the packet path. 

 

Fig. 1. The structure of the railway ITS network fragment under consideration: 

– router;  – switch;  – workstation;  – server 

 

Creating a simulation model. In the OPNET 

Modeler simulation system a simulation model of 

the ITS railway network fragment was created, the 

structure of which is presented in Fig. 2, according 

to the structure of the ITS network (see Fig. 1). 

Two scenarios have been created on the Fast 

Ethernet simulation model at the ITS of 

Prydniprovska Railway: RIP and OSPF protocol. 

The study (within five minutes) of the following 

characteristics was performed: average load of the 

server located in Kyiv; average packet processing 

time by the router in Dnipro; average waiting time 

for packets in the queue (Dnipro–Synelnykove sec-

tion); average number of packets lost with the fol-

lowing parameters: packet length is 6000 bits, traf-

fic intensity is 10 packets/sec. Some characteristics 

obtained (from 2 min 00 sec to 3 min 00 sec) on 

the simulation model of the network are shown in 

Fig. 3. 
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Fig. 2. Simulation model in the OPNET Modeler: 

 – router;  – switch;  – workstation 

Fig. 3 shows that the worst results are obtained 

by the network simulation model according to the 

RIP scenario: server load increases rapidly (on av-

erage, about by 3 times per minute); packet pro-

cessing time by the router takes much longer (ap-

proximately by 0.5 times per minute); the packet 

waiting time in the queue is always greater (about 

by 1.6 times per minute); packet losses increase 

rapidly (on average by 3.5 times per minute); the 

network convergence time is almost twice as large. 

As an example, the average waiting time of pack-

ets in the queue and the average number of packets 

lost on the router are shown, Fig. 3. Regardless of 

the routing protocol (RIP or OSPF): the longer the 

waiting time for packets in the queue (Fig. 3, a), 

the higher the number of lost packets (Fig. 3, b). 

Determining the packet residence time on 

the routers based on the use of Neural Fuzzy 

Network (NN1). The following variables are used 

as the input parameters: 1x  – packet length (LМ, 

LС, L); 2x  – traffic intensity ( M , Mb , C , 

Cb ,  ); 3x  – number of transitions (number of 

intermediate routers that make up the packet route) 

(K1, K2, K3, K4). The packet residence time in the 

routers on the route of its transmission in the ITS 

network (T1, T2, T3, T4) is taken as the resultant 

characteristic y. The values of the term sets used 

for linguistic evaluation of input and output varia-

bles are summarized in Table 1. 
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Fig. 3. The experiment results on a simulation model:  
а – the average waiting time for packets in a queue; b– the average number of packets lost on the router 

Table  1  

Linguistic evaluation of input and output variables for NN1 

Input variables Output variable 

Packet length, 

bytes 

Traffic intensity,  

packet/s 

Number of tran-

sitions 

Packet residence time on 

the routers on the route, 
μs 

LМ: 70 – 500 

LС: 501 – 1 000 

L: 1 001 – 1 500 

M : 10 – 200 

Mb : 201 – 400 

C : 401 – 600 

Cb : 601 – 800 

 : 801 – 1 000 

K1: 1  

K2: 2  

K3: 3 

K4: 4 

T1: 5,6 – 140  

T2: 141 – 275 

T3: 276 – 410  

T4: 411 – 545 

 

The number of fuzzy product rules depends on 

the number of input variables and the number of 

terms and is 3 5 4 60   rules. The rule base frag-

ment is presented below: 

if 1x = LМ І 2x = M  І 3x = K1, then у = T1; 

if 1x = LМ І 2x = M  І 3x = K2, then у = T3; 

if 1x = LМ І 2x = M  І 3x  = K3, then у = T1; 

if 1x = LМ І 2x = M  І 3x = K4, then у = T4; 

if 1x = LМ І 2x = Mb  І 3x = K1, then у = T1; 

if 1x = LМ І 2x = Mb  І 3x = K2, then у = T3; 

if 1x = LМ І 2x = Mb  І 3x = K3, then у = T1; 

if 1x = LМ І 2x = Mb  І 3x = K4, then у = T4; 

if 1x = LМ І 2x = C  І 3x = K1, then у = T1. 

The structure of the corresponding NN1 is 

shown in Fig. 4. Layer 1 contains neurons that rep-

resent membership functions of the input fuzzy 

variables and perform the operation of fuzzifica-

tion (making fuzzy) of the input data. Layer 2 con-

tains neurons that store the correct values for the 

rules that make up the knowledge base created by 

the model's training; these neurons may contain 

any variant of the realization of the t-norm opera-

tion, which is a fuzzy analogue of «AND» (logical 

operation «AND»). Neurons of the layer 3 contain 

the results of calculations of rules, taking into ac-

count the weight of each rule. Neurons of the layer 

4 contain the final results of the rules` calculations,  

а b 
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Fig. 4. NN1 structure 

which are grouped into fuzzy classes. Layer 5 con-

tains only one neuron that calculates the final mod-

el output by performing a defuzzification (making 

clear) by determining the centers of fuzzy classes. 

Formation of samples for the NN1. The fol-

lowing samples for the NN1 were formed: a train-

ing sample of 60 examples (a fragment of which is 

given in Table 2), a test sample of 24 examples and 

a control sample of 12 examples (Table 3). 

 

 

 

 

 

 

Table  2  

Fragment of training sample for the NN1 

Packet 

length, 

bytes 

Traffic 

intensity, 

packet/sec  

Number 

of transi-
tions 

Packet time in the 

routers on the 
route, μs 

Packet 

length, 

bytes 

Traffic 

intensity, 

packet/sec 

Num-

ber of 

tran-

si-
tions 

Package time in 

the routers on the 
route, μs 

70 10 1 5.6 70 1 000 1 5,6 

500 10 1 40 500 1 000 1 42 

1 000 10 1 80 1 000 1 000 1 87 

1 500 10 1 120 1 500 1 000 1 136 

70 10 2 11.2 70 1 000 2 11 

500 10 2 80 500 1 000 2 83 

1 000 10 2 160 1 000 1 000 2 174 

1 500 10 2 360 1 500 1 000 2 273 

70 10 3 16.8 70 1 000 3 17 

500 10 3 120 500 1 000 3 125 

1 000 10 3 240 1 000 1 000 3 261 

1 500 10 3 360 1 500 1 000 3 409 

70 10 4 22.4 70 1 000 4 23 

500 10 4 160 500 1 000 4 167 

1 000 10 4 320 1 000 1 000 4 348 

1 500 10 4 480 1 500 1 000 4 545 
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Table  3  

Test and control samples for the NN1 

Test sample Control sample 

Packet 

length, 

bytes 

Traffic 

intensity, 

packet/sec 

Number of 

transitions 

Package time in 

the routers on the 

route, μs 

Packet 

length, 

bytes 

Traffic 

intensity, 

packet/sec 

Number of 
transitions 

Package time in the 

routers on the route, 

μs 

500 300 1 40 500 500 1 41 

1 000 300 1 82 1 000 500 1 83 

1 500 300 1 124 1 500 500 1 128 

500 300 2 81 500 500 2 82 

1 000 300 2 163 1 000 500 2 167 

1 500 300 2 373 1 500 500 2 255 

500 300 3 121 500 500 3 122 

1 000 300 3 245 1 000 500 3 250 

1 500 300 3 373 1 500 500 3 383 

500 300 4 162 500 500 4 163 

1 000 300 4 328 1 000 500 4 333 

1 500 300 4 498 1 500 500 4 511 

500 700 1 41     

1 000 700 1 85     

1 500 700 1 131     

500 700 2 82     

1 000 700 2 169     

1 500 700 2 393     

500 700 3 123     

1 000 700 3 254     

1 500 700 3 393     

500 700 4 165     

1 000 700 4 339     

1 500 700 4 524     

 

 

Training and testing the NN1. The Neural 

Networks Toolbox, which is a part of MatLAB, 

has more than 160 different functions that make it 

possible to create, train, and research neural net-

works. In addition, the ANFIS for MatLAB sup-

ports almost complete automation of the NN crea-

tion process, which allows to construct the NN 

configuration 3–12–60–60–1, using the Sugeno 

algorithm. 100 cycles (Epochs) are set for NN1 

training; the error of the NN1 training according to 

the hybrid method is 108.4873 10  sec. 
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On the network simulation model, constructed 

in the ORNET, with a packet length of 550 bytes, 

traffic intensity of 10 packets/sec and three transi-

tions, the packet residence time on the routers in 

the ITS railway transport network is 0.000132 sec. 

To test the constructed NN1, let us run it with in-

put data that are not in any of the samples. The 

simulation is displayed in a graphical window 

(Fig. 5), where the path of the logical inference by 

each rule, the resultant fuzzy set are presented, and 

the deffuzzification procedure is performed. 

Fig. 5. System of fuzzy output NN1 
 

Each rule of the knowledge base is represented 

as a sequence of horizontally arranged curves. The 

resulting fuzzy set is shown in the lower rectangle 

of the last column of the graphical window. In the 

same rectangle, the red vertical line corresponds to 

the clear value of the logical inference obtained 

from the deffuzzification. According to the input 

data [550; 10; 3] the NN1 displays the packet resi-

dence time on the routers according to the path of 

its transmission, equal to 0.000132 s (Fig. 6). That 

is, NN1 is properly constructed and trained.  

 

Route definition based on the use of a neural 

fuzzy network (NN2). The following variables are 

used as input parameters: 1x  – is the packet resi-

dence time on the routers according to the packet 

transmission route (Tmin, Tavg, Tmax); 2x  – is the 

total queue delay on the routers on the route A 

(ZAmin, ZAma, ZAavg, ZAam, ZAmax); 3x  – is 

the total queue delay on the routers on the route В 

(ZBmin, ZBma, ZBavg, ZBam, ZBmax) ; y – is the 

optimal route: 1 (path A), 2 (path B). All values are 

summarized in Table 4. 
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Table  4  

Linguistic evaluation of input and output variables for NN2 

Input variables Output variable 

Packet residence time in the 

routers on the route, μs 

Total queue delay on the routers 

on the path А, μs 

Total queue delay on the routers 

on the path В, μs 
Route  

Tmin: 5,6 – 185;  

Tavg: 186 – 365; 

Tmax: 366 – 545  

ZАmin: 0 – 13;  

ZАma: 14 – 27; ZАavg: 28 – 

41; ZАam: 42 – 55; 

ZАmax: 56 – 70 

ZBmin: 0 – 13;  

ZBma: 14 – 27; ZBavg: 28 – 

41; ZBam: 42 – 55; 

ZBmax: 56 – 70 

 А: 1 

 В: 2 

 

The number of fuzzy product rules depends 

on the number of input variables and the number 

of terms, this value is 3 5 5 75    rules. The rule 

base fragment is given below: 

if 1x =Tmin І 2x =ZАmin І 3x =ZВmin, then у=В;  

if 1x =Tmin І 2x =ZАmin І 3x =ZВma, then у=B;  

if 1x =Tmin І 2x =ZАmin І 3x =ZВavg, then у=B;  

if 1x =Tmin І 2x =ZАmin І 3x =ZВam, then у=B;  

if 1x =Tmin І 2x =ZАmin І 3x =ZВmax, then у=B;  

if 1x =Tmin І 2x =ZАma І 3x =ZВmin, then у=A;  

if 1x =Tmin І 2x =ZАma І 3x =ZВma, then у=B;  

if 1x =Tmin І 2x =ZАma І 3x =ZВavg, then у=B;  

if 1x =Tmin І 2x =ZАma І 3x =ZВam, then у=B. 

The structure of the corresponding NN2 is 

shown in Fig. 6. 

Formation of the samples NN2. The fol-

lowing samples were formed: a training sample 

of 75 examples, a test sample of 20 examples 

and a control of 10 examples (Table 5). 

 

Fig. 6. NFN2 structure 

Table  5  

Samples fragments for NN2 

Training sample Test sample Control sample 

Packet resi-

dence time on 
the routers, μs 

Total queue 

delay, μs 
Route 

Packet resi-

dence time 

on the rout-
ers, μs 

Total queue 

delay, μs 
Route 

Packet resi-

dence time 

on the rout-
ers, μs 

Total queue 

delay, μs 
Route 

path 

А 

path 

В  

path 

А 

path 

В 

path 

А 

path 

В 

5.6 0 14 А 7 4 20 А 10 11 69 А 

5.6 14 0 В 80 20 4 В 68 69 11 В 

185 15 29 А 150 20 38 А 126 15 50 А 

185 29 15 В 190 38 20 В 184 50 15 В 

365 29 44 А 260 30 50 А 190 35 55 А 
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Cont inuation of  Table  5  

Training sample Test sample Control sample 

Packet resi-

dence time on 

the routers, μs 

Total queue 
delay, μs 

Route 

Packet resi-

dence time 

on the rout-

ers, μs 

Total queue 
delay, μs 

Route 

Packet resi-

dence time 

on the rout-

ers, μs 

Total queue 
delay, μs 

Route 
path 

А 
path 

В  
path 

А 
path 

В 
path 

А 
path 

В 

365 44 29 В 360 50 30 В 225 55 35 В 

455 7 63 А 370 45 60 А 275 50 65 А 

455 63 7 В 385 60 45 В 300 65 45 В 

545 45 65 А 470 56 70 А 375 57 68 А 

545 65 45 В 540 70 56 В 460 68 57 В 

… … … … … … … …     

 

Findings 

Study of the average learning error of the 

NN1. MatLAB's Fuzzy Logic Toolbox includes 11 

built-in membership functions that use the follow-

ing basic functions: piecewise linear one; Gaussian 

distribution; sigmoid curve; quadratic and cubic 

curves. The values of the learning errors of NN1 

for different membership functions are presented in 

Table 6. It can be seen from the table that the 

Gaussian membership function gives the smallest 

value of the NN1 error. 

Table  6  

Average error of NN1 according to different membership functions 

Membership function  Designation Average NFN error, 10-10 sec 

triangular trimf 8.75 

trapezoidal  trapmf 10.23 

bell-shaped gbellmf 9.16 

symmetric Gaussian gaussmf 8.49 

two-sided Gaussian gauss2mf 10.03 

the product of two sigmoid membership functions pimf 13.86 

Curvilinear trapezoid membership function psigmf 10.32 

the difference between two sigmoid membership functions dsigmf 10.63 

 

The following methods of training optimization 

are implemented in ANFIS: backpropagation 

(method based on the ideas of the quickest descent 

method); hybrid (hybrid method that combines the 

backpropagation method with the least-squares 

method). When using the backpropagation method, 

the NN1 learning error is 109.6501 10  sec and the 

hybrid method – 108.4873 10  sec. That is, the 

error of learning the NN1 in the case of using the 

hybrid method is about 13 % less than in the case 

of the backpropagation method. 

Evaluation of the work of the NN1. The NN1 

simulation was performed with the following pa-

rameters: packet length – 3 850 bytes; traffic inten-

sity – 10 packet/sec; number of transitions – 3. The 

packet time on the route (from Fedorivka junction 

to Dnipro junction) received in the ORNET Mod-

eler system on the Fast Ethernet simulation model 

in the ITS of Prydniprovska Railway under the 
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OSPFE protocol is 0.0010285 sec. (Fig. 7), and 

based on NN1 – 0.000924 sec. (Fig. 8). That is, the 

use of NN1 allows approximately 10 % faster de-

termination of the route in the ITS network of 

Prydniprovska Railway (for the fragment under 

consideration) as compared to the OSPF protocol 

on the simulation model. 

 

Fig. 7. Packet time on the route (from Fedorivka to Dnipro) obtained on the simulation model 

 

 

Fig. 8. Packet time on the route (from Fedorivka to Dnipro) obtained on the NN1 

Originality and practical value 

The simulation model of Fast Ethernet network 

based on the OSPF scenario and the neural fuzzy 

networks (NN1, NN2) can be the basis for the in-

tegrated routing system in the ITS network of 

Prydnprovska Railway, the general structure of 

which is shown in Fig. 9 (Lpac – is the packet 

length;  – is the traffic intensity; К – is the num-

ber of intermediate routers that make up the path of 

the packet; Tpac – the packet residence time in the 

routers according to its path in the network; Z_A – 

total queue delay in the routers on the path А; Z_ 

B – total queue delay in the routers on the path В). 

The operation of the integrated routing system 

is demonstrated for those fragments of the Fast 

Ethernet network in the ITS of Prydniprovska 

Railway, where it is possible to choose the route 

with the same number of intermediate routers on 

different paths (Table 7: path A – to the right). 
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Fig. 9. General structure of the integrated routing system in the ITS network of railway transport: 

 – preparatory stage;                 – real time work 

 

Nyzhnodniprovsk–Vuzol – Dnipro fragment. 
A packet of 500 bytes, with a traffic intensity of 10 

packets/sec and 2 transitions is transmitted from 

the node V1 (Ihren) to the node V6 (Dnipro). The 

packet residence time on the routers is predicted by 

NN1 and is 80 μs. For example, depending on the 

values of the time received, the total queue delay in 

the routers on the path А (4 μs) and the total queue 

delays in the routers on the path B (13 μs) the op-

timal route is chosen based on NN2: path A. The 

graph showing the fragment «Nyzhnodniprovsk-

Vuzol – Dnipro» shows this route in red: 

V1→V2→V4→V6.  

Horiainove fragment. A packet of 1000 bytes, 

with an intensity of 10 packets/sec and 4 transi-

tions, is transmitted from the node V1 (Kami-

anske–Pas) to the node V10 (Dnipro). The packet 

residence time in the routers is predicted by NN1, 

it is 320 μs. Depending on the values of the time 

received, the total queue delay in the routers on the 

path А (29 μs) and the total queue delay in the 

routers on the path route В (20 μs) the optimal 

route is chosen based on NN2: path В. The graph 

showing the fragment «Horiainove» shows this 

route in red: V1→V2→V7→V8→V9→V10.  

Kryvyi Rih fragment. A packet of 1500 byte, 

with an intensity of 10 packets/sec and 2 transi-

tions, is transmitted from the node V1 (Vechirnii 

Kut) to the node V6 (Dnipro). The packet residence 

time in the routers is predicted by NN1, it is 240 

μs. For example, depending on the values of the 

time received, the total queue delay in the routers 

on the path А (30 μs) and the total queue delay in 

the routers on the path B (50 μs) the optimal route 

is chosen based on NN2: path A. The graph show-

ing the fragment «Nyzhnodniprovsk-Vuzol – 

Dnipro» shows this route in red: 

V1→V2→V3→V6. 
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Table  7  

Consideration of the ITS fragments of Prydniprovska Railway 

 NN1 NN2 Fragment structure Designations 

Nyzhnodniprovsk–Vuzol – Dnipro fragment 

Input pa-

rameters 

500 

bytes 

80 μs 

 

V1 – Ihren; 

V2 – Ilarionove; 

V3 – Nyzhnodniprovsk-

Vuzol; 

V4 – Synelnykove –2; 

V5 – Nyzhnodniprovsk; 

V6 – Dnipro 

10 

pack-

et/sec 

4 μs 

2 13 μs 

Result 80 μs 1 

(path А) 

Horiainove fragment 

Input pa-

rameters 

1000 

bytes 

320 μs 

 

V1 – Kamianske–Pas; 

V2 – Bahlii; 

V3 – Verkhnod-

niprovsk; 

V4 – Sukhachivka; 

V5 – Diivka; 

V6 – Horiainove; 

V7 – Verkhivtseve; 

V8 – Vilnohirsk; 

V9 – Piatykhatky; 

V10 – Dnipro 

10 

pack-

et/sec 

29 μs 

4 20 μs 

Result 320 μs 2 

(path В) 

Kryvyi Rih fragment 

Input pa-

rameters 

1500 

bytes 

240 μs 

 

V1 – Vechirnii Kut; 

V2 – Saksahan; 

V3 – Piatykhatky; 

V4 – Mudrona; 

V5 – Kryvyi Rih; 

V6 – Dnipro 

10 

pack-

et/sec 

30 μs 

2 50 μs 

Result 240 μs 1 

(path А) 
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Conclusions 

1. According to the structure of the ITS net-

work of Prydniprovska Railway, a corresponding 

Fast Ethernet simulation model (according to the 

RIP and OSPF scenarios) was created in the 

ORNET Modeler system, which defines the fol-

lowing characteristics: average server load; the 

average time of packet processing by router; aver-

age waiting time for packets in the queue; the av-

erage number of lost packets. It is determined that 

the worst results are obtained by the simulation 

model according to the RIP scenario: server load 

increases rapidly (on average, about by 3 times per 

minute); packet processing time by router takes 

much longer (approximately by 0.5 times per mi-

nute); the waiting time for packets in the queue is 

always greater (about by 1.6 times per minute); 

packet losses increase rapidly (on average by  

3.5 times per minute); the network convergence 

time is almost twice as large.  

2. To determine the packet residence time in 

the routers on the route by its transmission in the 

ITS network of the Prydniprovska Railway NN1 

was created, to the input of which the following 

parameters are supplied: packet length (3 term 

sets); traffic intensity (5 term sets); the number of 

intermediate routers in the route (4 term sets). The 

following samples were formed on the simulation 

model of the ITS network of Prydniprovska Rail-

way: training (60 examples), test (24 examples) 

and control (12 examples). It has been estimated 

that for the considered fragment of the railway ITS 

network, in particular Prydniprovska Railway, the 

packet time on the route based on NN1 decreased 

by about 10% compared to the OSPF protocol on 

the simulation model. 

3. On the created NN1 the study of the aver-

age error of its training for different membership 

functions was performed: triangular; trapezoidal; 

bell-shaped; symmetric and two-sided Gaussian 

and by different methods of training optimization 

(hybrid and backpropagation). It is determined that 

the lowest value of the average error 108.4873 10  

sec NN1 gives in the case of using the symmetric 

Gaussian membership function according to the 

hybrid optimization method. 

4. To determine the packet path in the ITS 

network of Prydniprovska Railway (provided the 

same number of routers that make up the path), the 

NN2 was created, to the input of which the follow-

ing parameters are supplied: the packet time in the 

routers on the path of its transition, the total queue 

delay in the routers on the path А; the total queue 

delay in the routers on the path В. Using the simu-

lation model of the ITS network of railway 

transport the following samples were formed: 

training (75 examples), test (20 examples) and con-

trol (10 examples).  

5. Based on the created Fast Ethernet simula-

tion model and neural fuzzy networks (NN1 and 

NN2), an integrated routing system was proposed 

in the ITS of Prydniprovska Railway was pro-

posed. Using this system, for example, the optimal 

route for the fragment «Nyzhnodniprovsk-Vuzol – 

Dnipro» is determined: path A (Ihren, Ilarionove, 

Synelnykove–2, Dnipro)». 
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ВИЗНАЧЕННЯ ОПТИМАЛЬНОГО МАРШРУТУ В ІНФОРМАЦІЙНІЙ 

МЕРЕЖІ ЗАЛІЗНИЧНОГО ТРАНСПОРТУ З ВИКОРИСТАННЯМ 

НЕЙРОНЕЧІТКИХ МОДЕЛЕЙ 

Мета. Сучасні алгоритми вибору найкоротшого маршруту, наприклад, алгоритми Беллмана–Форда  

й Дейкстри, які в даний час широко використовують у протоколах маршрутизації (RIP, OSPF), не завжди 

призводять до ефективного результату. Тому виникає необхідність дослідження можливості організації ма-

ршрутизації в мережі інформаційно-телекомунікаційної системи (ІТС) залізничного транспорту за допомо-

гою методів штучного інтелекту. Методика. На основі створеної в моделювальній системі OPNET іміта-

ційної моделі розглянуто фрагмент мережі ІТС залізничного транспорту й сформовано наступні вибірки: 

навчальну; тестувальну; контрольну. Для моделювання в системі MatLAB нейронечіткої мережі (гібрид-

ної системи) на вхід подають наступні параметри: довжина пакета (3 терм-множини); інтенсивність трафіка 

(5 терм-множин); кількість проміжних маршрутизаторів, що складають маршрут (4 терм-множини). За ре-

зультуючу характеристику взято час перебування пакета в маршрутизаторах за маршрутом його проходжен-

ня в мережі ІТС (4 терм-множини). На основі визначеного часу перебування пакета в маршрутизаторах 

 і затримок у черзі на маршрутизаторах, що складають різні шляхи (з однаковою кількістю маршрутизато-

рів) визначено оптимальний маршрут. Результати. Для розглянутого фрагмента ІТС залізничного транспо-

рту здійснено прогноз часу перебування пакета в маршрутизаторах за маршрутом його проходження на ос-

нові нейронечіткої мережі, що створена в системі MatLAB. Проведено дослідження середньої похибки нав-

чання нейронечіткої мережі за різних функцій належності й за різними методами оптимізації навчання.  

Виявлено, що найменше значення середньої похибки навчання надає нейронечітка мережа конфігурації  

3–12–60–60–1 в разі використання симетричної Гаусівської функції належності за гібридним методом опти-

мізації. Наукова новизна. За сценаріями RIP та OSPF на створеній в моделювальній системі OPNET іміта-

ційній моделі отримані наступні характеристики: середнє навантаження сервера; середній час обробки паке-

тів маршрутизатором; середній час очікування пакетів у черзі; середня кількість втрачених пакетів; час кон-

вергенції мережі. Визначено, що найкращі результати надає імітаційна модель мережі за сценарієм OSPF. 

Запропонована інтегрована система маршрутизації в мережі ІТС залізничного транспорту, в основу якої 

покладено створені нейронечіткі мережі, визначає оптимальний маршрут у мережі швидше порівняно  

з наявним протоколом маршрутизації OSPF. Практична значимість. Інтегрована система маршрутизації  

в ІТС залізничного транспорту дозволить у реальному часі визначити оптимальний маршрут у мережі за 

однаковою кількістю маршрутизаторів, що складають шлях проходження пакета. 

Ключові слова: маршрутизація; протокол OSPF; імітаційна модель; гібридна система; терм; функція на-

лежності; вибірка; похибка 
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ОПРЕДЕЛЕНИЕ ОПТИМАЛЬНОГО МАРШРУТА  

В ИНФОРМАЦИОННОЙ СЕТИ ЖЕЛЕЗНОДОРОЖНОГО 

ТРАНСПОРТА С ИСПОЛЬЗОВАНИЕМ НЕЙРОНЕЧЕТКИХ 

МОДЕЛЕЙ 

Цель. Современные алгоритмы выбора кратчайшего маршрута, например, алгоритмы Беллмана–Форда  

и Дейкстры, которые в настоящее время широко используют в протоколах маршрутизации (RIP, OSPF), не 

всегда приводят к эффективному результату. Поэтому возникает необходимость исследования возможности 

организации маршрутизации в сети информационно-телекоммуникационной системы (ИТС) железнодорож-
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ного транспорта с помощью методов искусственного интеллекта. Методика. На основе созданной в моде-

лирующей системе OPNET имитационной модели рассмотрен фрагмент сети ИТС железнодорожного 

транспорта и сформированы следующие выборки: обучающая; тестирующая; контрольная. Для моделирова-

ния в системе MatLAB нейронечеткой сети (гибридной системы) на вход подают следующие параметры: 

длина пакета (3 терм-множества); интенсивность трафика (5 терм-множеств); количество промежуточных 

маршрутизаторов, составляющих маршрут (4 терм-множества). В качестве результирующей характеристики 

принято время пребывания пакета в маршрутизаторах по маршруту его следования в сети ИТС (4 терм-

множества). На основе полученного времени пребывания пакета в маршрутизаторах и задержек в очереди на 

маршрутизаторах, составляющих различные пути (с одинаковым количеством маршрутизаторов) определен 

оптимальный маршрут. Результаты. Для рассматриваемого фрагмента ИТС железнодорожного транспорта 

осуществлен прогноз времени пребывания пакета в маршрутизаторах по маршруту его следования на основе 

нейронечеткой сети, созданной в системе MatLAB. Проведено исследование средней погрешности обучения 

нейронечеткой сети при различных функциях принадлежности и разных методов оптимизации обучения. 

Обнаружено, что наименьшее значение средней погрешности обучения предоставляет нейронечеткая сеть 

конфигурации 3–12–60–60–1 при использовании симметричной Гауссовской функции принадлежности  

с гибридным методом оптимизации. Научная новизна. По сценариям RIP и OSPF на созданной в модели-

рующей системе OPNET имитационной модели получены следующие характеристики: средняя нагрузка 

сервера; среднее время обработки пакетов маршрутизатором; среднее время ожидания пакетов в очереди; 

среднее количество потерянных пакетов; время конвергенции сети. Определено, что наилучшие результаты 

дает имитационная модель сети по сценарию OSPF. Предложенная интегрированная система маршрутиза-

ции в сети ИТС железнодорожного транспорта, в основу которой положены созданные нейронечеткие мо-

дели, определяет оптимальный маршрут в сети быстрее по сравнению с существующим протоколом марш-

рутизации OSPF. Практическая значимость. Интегрированная система маршрутизации в ИТС железнодо-

рожного транспорта позволит в реальном времени определить оптимальный маршрут в сети с одинаковым 

количеством маршрутизаторов, составляющих путь прохождения пакета. 
Ключевые слова: маршрутизация; протокол OSPF; имитационная модель; гибридная система; терм; 

функция принадлежности; выборка; погрешность 
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