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Abstract

Purpose: The purpose of this work is to develop an effective model for city transport system ecological state
assessment using neural networks general concept. Methods: The proposed model is based on two neural
networks work, taking into account the traffic density effect and the transit capacity level on urban areas.
Results: Based on the synthesis of the fuzzy sets theory and neural networks basic principles, the city
transport system ecological state assessing model is developed. The graphical representation of the model is
given. A forecast reliability high degree is provided even at low learning rates and high dynamics of
changing statistical data in the city transit traffic conditions. Conclusions: The use of fuzzy neural networks
makes it possible to state a complete correspondence between fuzzy inference procedure mathematical
representation and the urban transport system structure. The proposed model allows to formulate well-
defined environmental guidelines when making decisions in the transit traffic field, taking into account the
interests of enterprises, transport and the urban population, with the subsequent distribution of traffic flows
in time and geographical space of the city industrial areas.

Keywords: city transport system; ecological state; neural network; transit capacity; traffic density.

1. Introduction traffic flows, which affect managing on the

environmentally safe development and operation of

Managerial decision-making to reduce the pollution
level of cities with different industry profiles and
also with different transit freight flows density and
dynamics, is one of the primary tasks against the
background of a constant increase in the vehicles
number in urban areas.

of the researches and

2. Analysis latest

publications

A sufficient number of scientific works and practical
researches are devoted to the environmental
protection problem and the transport negative impact
reduction on urban areas of industrial regions and
nodes [1-3]. At the same time, the issue of transit

transport systems, is still unsolved. The presence of
a conflict of objectives is due to the fact that, on the
one hand, there is a need to improve the urban
population life quality by reducing the transport
negative influence. On the other hand, the
transportation volume growth indicates an effective
level of development of industry, transport and
business, and leads to an increase in payments to
municipal and state budget.

Using of fuzzy neural network theory to obtain
high-quality information in an industrial node
transport system opens comprehensive facilities [4].
Herewith, the synthesis of fuzzy sets with neural
networks makes it possible to ensure the forecast
precision and preclude subjectivism in the rules

Copyright © 2017 National Aviation University
http://www.nau.edu.ua



66 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2017. N3(72): 65-70

formulation for the system ecological state
forecasting. The positive effect resulting from such
synthesis is the learning capability, i.e. capability to
self consistent adjustment the forecast results on the
basis of the statistical data [5-7].

3. Main material

The proposed model is based on two neural
networks work, taking into account the traffic
density effect and the transit capacity level on urban
areas.

The industrial quarters transport flows are
represented in the form of "multidimensional
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structural groupings", which stand for the flows
formation with different characteristics number: the
transportation destination and direction, the vehicles
size and capacity, intensity, regularity and other time
characteristics.

Transit capacity, in turn, is determined taking
into account the connectivity and straightness of
urban industrial areas network, as well as the routes
availability [8, 9.10].

The graphical representation of the model shows
the actions sequence for calculating the transport
system ecological state under research (see Fig. 1).
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Fig. 1. Graphical representation of the ecological state valuation model
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On the first layer (L) user inputs data
characterizing the initial ecological state level, the
traffic density and transit capacity influence:

YiTXi, (1)
where y; — first layer neurons which are assigned an
input variable value; x; — input variables, which
values are set by the user; i — input variable number
(i=1..3).

On the second layer (L,) each first layer variable is
represented by three fuzzy set adjective Gaussian-type:

Vi), (2)
where p.(x;) — fuzzy set adjective of input variables
set x; (see Table 1); » — fuzzy set number (i =1...3).

There are fuzzy set adjectives for different type
of set names (see Table 1).

On the third layer (L;), product of the second
layer neurons is made, which is a search of possible
combinations variants:

yi=11 i=L..3p,(x;)? ©
r=1...3

where j — products number of the third layer neurons
(in each of the two nets j =1...9)

On the fourth layer (L,), the third layer products
results summation, multiplied by the connection
weight, is performed. As a result, there are only two
neurons in this layer:

)
ya - j=l1 w.iHi:L“?’ul’(Xi)
r=1...3

; @
Yo =2 sy sy ()0
r=1...3
where @, — connection initial weight.
Table 1

Formulas for a fuzzy set adjective (second layer neurons)

Ecological state initial assessment

x-1 2
Good (G) )= exp“o,z] }

Influence of the transit capacity

Name of the set Fuzzy set adjective

5

Low (L)
y(x) =exp
10,4
Middle (M) {_( 0,15 ) }
y(x) =exp
x—1 2
Destructive (D) h ﬁ] }
(@)= exp

Influence of the traffic density

Name of the set Fuzzy set adjective

(53]

Low (L)
y(x) =exp
=032
Middle (M) o5 j
y(x) = exp
x-1 2
Destructive (D) h ﬁ]
y(x) = exp

On the fifth layer (Ls), the forecast ecological
state output value is resulted by dividing the neuron
value a by the neuron value b:

y=2a 5)
Vb
The weight numbers adjustment eliminates
subjectivity in the fuzzy rules set formulation.
Neural net training algorithm involves the

- sequence of actions:
N f the set F t adject . . . .
ame o’ e se uzzy 5 atjec 1v2e 1. A training sample is determined on basis of the
o [x0 roads actual survey materials over the previous
Unsatisfying (U) 0,2 .. .
y(x)=exp years. It represents a statistical set of the input
5 variables true values and the output variable
Satisfying (S) - ro_ (1)56) } corresponding values, i.e. the ecological state
y(x)=exp forecast level (see Table 2).
Table 2
Training sample with two axons for ecological state assessment
True first True second True output Calculated output | True error value
Numberl of the variable axon variable axon variable synapse | variable synapse in forecasting
sampie m value x," value x5’ value V)" value V" e, =Y"-Y"
1 1 1 1 1
1 X X Y;r Yc 8”,
2 2 2 2 2
2 X X Y;r Yc 8”,
M M M M M
M xl x2 tr Yc 8tr
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2. The output variable value Y." is calculated for

each from training sample m-cases, which are also
adduced in the array next to the actual data.

3. The average allowable error value for the
training cycle is set (g,,), as well as magnitude of

velocity value is (1).

4. The weights new links values between the
third and fourth layer are calculated by the following
formulas:

o} (t+) =07 () +A0], (6)
Ao} =-nxy; xg;, (7)
where ¢ — training cycle number.
One training cycle includes all examples search
from training sample.

5. Determines the average actual error for the
training cycle:

m_ Zﬁ\r{:l 8:’: (8)
tr M N

If the true error value throughout the training
cycle exceeds the average allowable error value,
then return to step 4 is done.

6. Otherwise, learning stops and network is
accepted as trained.

4. Results

Simulated result based on the model that uses two
neural networks parallel operation has shown error
sharp decrease in forecasting the industrial quarters
ecological state (see Fig.2).

A forecast reliability high degree is provided
even at low learning rates and high dynamics of
changing statistical data in the city transit traffic
conditions.

5. Conclusions

The use of fuzzy neural networks makes it possible
to state a complete correspondence between fuzzy
inference procedure mathematical representation and
the urban transport system structure.

The proposed model allows to formulate well-
defined environmental guidelines when making
decisions in the transit traffic field, taking into
account the interests of enterprises, transport and the
urban population, with the subsequent distribution of
traffic flows in time and geographical space of the
city industrial areas.
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Fig.2. Ecological state forecast error line graphs (a — prior
to training start, b — subsequent to the training results)
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IIporso3yBaHHsI €KOJOTiYHOI0 CTAHY MiCBKOI TPAHCHOPTHOI CHCTEMH 3 BHKOPHCTAHHAM HelPOHHUX
MepeK

JOBH3 «IIpra3oBchbKuil JAep)KaBHUH TEXHIYHUI YHIBEpCHUTET», BYJ. YHIBEpCHTETChKa, 7, Mapiymos,
Vkpaina, 87500

E-mails: 'alyamzin7791@gmail.com; *iryna.vnikolaienko@gmail.com

Mera: Meroro mie€i poOOTH € po3poOka e(PEeKTHBHOI MOJIEINi OIHIOBAaHHS EKOJIOTIYHOTO CTaHY MiChKOi
TPAHCIOPTHOI CHUCTEMH 3 BHKOPHUCTAHHSM 3aralibHUX TPUHIUINB HEWpPOHHHX Mepex. Mertoan
JOCJTiIKeHHsI: 3amporOHOBaHA MOJENIh OCHOBaHA Ha pPOOOTI MBOX HEHPOHHHUX MEPEK 3 ypaxyBaHHIM
BIUIMBY IIUILHOCTI TPaHCIOPTHOTO MOTOKY Ta PiBHS TPaH3UTHOTO TMOTEHIiany Ha ypOaHi3oBaHI paioHH.
PesyabTatn: Ha OCHOBI cHHTE3y 3aralbHUX MPUHIHUIIB TEOPil HEUITKUX MHOXHH Ta HEUPOHHHX MEpPEx
pO3p0o0JICHO MOENb OITIHKYM PIBHSA €KOJIOTIYHOTO CTaHy MIChKOi TpaHCHOpTHOI cucTemwu. JlaHo rpadiune
MpeICcTaBIeHHS MoJieNli. BHCOKMIA CTYyHiHb JAOCTOBIPHOCTI MPOTHO3Y 3a0€3Me4yeThCsl HABITh MPU HHU3BKHX
LIBUKOCTSIX HABYAaHHS 1 BUCOKIH AMHAMILl 3MiH CTaTHUCTHYHHUX AaHUX B YMOBaX TPaH3UTY TPAaHCIIOPTHHX
MOTOKIB MicTa. BucHOBKHM: BUKOpHUCTaHHS HEYITKMX HEWPOHHHX MeEpex 3abe3rneuye MOXKIIHMBICTh
BCTAHOBJIIOBATH TIOBHY BIANOBIMHICTP MiX MaTEMaTUIHUM IPEACTABICHHAM TPOIEAYPH HEUITKOTO
BHCHOBKY 1 CTPYKTYPOIO MiCBKOi TPaHCIIOPTHOI CUCTEMH. 3amponoHOBaHa MOAETH T03BOJISIE CHOPMYITIOBATH
YiTKi €KOJOTIYHI OPIEHTUPU TPHU MPHHUHATTI pillleHb B O0JNACTI TPaH3UTHUX TEPEBE3CHb 3 YPaxyBaHHSIM
IHTEpECiB MIAMPUEMCTB, TPAHCIIOPTY 1 HACENEHHS MiCTa, 3 MOJAIBIIAM IIEPEepPO3MOAIIOM TPAHCIOPTHUX
MIOTOKIB B THMYACOBOMY 1 reorpadiYHOMY IPOCTOPi MPOMHCIOBUX PaiOHIB MicTa.

KurouoBi cioBa: eKOJOTIYHHMI CTaH; MiChKa TpPAaHCIIOPTHA CHCTEMa; HEHPOHHI MepeXka; TpaH3UTHUH
MOTEHIIIA; I[ITBHICTh TPAHCTIOPTHOT'O TIOTOKY.

A.A. JIam3un', H.B. Huko.1aeHKko’
IIporuo3mpoBanne  3KO0JOrHYECKOr0
HCIO0JIb30BAHUEM HEPOHHBIX ceTeil
I'BY3 «lIpuazoBckuil TrocyAapCTBEHHBI TEXHUYECKUA YHUBEPCUTETY,
Mapuynons, Ykpauna, 87500

E-mails: 'alyamzin7791@gmail.com; *iryna.vnikolaienko@gmail.com

COCTOSIHMSI  TOPOJICKOIl  TPAHCHOPTHOH  CHCTEMbI €

yA. YHHBEpcUTETCKasl, 7,
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Henw: llenbto gaHHO#M pabOTH sBiseTCS pa3paborka 3((EKTUBHOW MOJIEIH OLECHKH 3KOJIOTHYECKOTO
COCTOSIHHS TOPOJICKOH TPaHCIMOPTHON CHUCTEMBI C MCIOJIB30BAHHEM OOIIUX NMPUHIMIIOB HEHPOHHBIX CETEH.
MeTtoamnl ucciaenoBanusi: Ilpemmaraemas Moaenb OCHOBaHa Ha padoOTe JBYX HEHPOHHBIX CETEH C y4eTOM
BO3JICHCTBHUS TNIOTHOCTH TPAHCIIOPTHOTO TIOTOKA M YPOBHSI TPAH3UTHOTO MOTEHIIMAIa Ha YpOaHU3UPOBAHHEIC
paiionsl. Pe3ynbTaThi: Ha ocHOBe crHTe3a OOIMIMX MPUHIIUIIOB TEOPHH HEYETKUX MHOXKECTB M HEHPOHHBIX
ceTeid paszpaboTaHa MOJENh OIEHKH YPOBHS OKOJIOTHYECKOTO COCTOSHUS TOPOJICKOM TpPaHCIOPTHOMN
cucreMbl. [laHo rpaduueckoe mpencTaBieHHEe MOJETU. BbIcOKas cTemneHb JOCTOBEPHOCTH MPOTHO3a
obecrieunBaeTCs JaKe MPH HU3KUX CKOPOCTSAX OOYUYCHHS M BBICOKOW TWHAMUKE U3MEHEHUS CTATUCTHUCCKUX
MAHHBIX B YCJIOBHAX TpaH3UTa TPAHCIOPTHBIX IOTOKOB Toponaa. BeiBoawl: lcmomb30BaHWE HEYETKHX
HCprOHHBIX cerel oOecrieunBaeT BO3MOKHOCTb YCTaHaBJIUBATh IIOJIHOC COOTBETCTBHUEC MCKOY
MaTeMaTUYECKUM MPEACTABICHUEM MPOLEAYPHl HEUETKOIO BBIBOJA U CTPYKTYPOM TOPOACKOM TPaHCIIOPTHOM
cucreMbl. [IpemnoxkeHHass MOZAENs MO3BONSIET CPOPMYIHPOBATh YETKHE DKOJOTHYECKHE OPHEHTUPHI MPHU
MIPUHATHAN PEIISHUH B OOJIACTH TPAH3UTHBIX IEPEBO30K C YYETOM HHTEPECOB MPEINPHUATHH, TPAHCTIOPTa U
HaceJIeHUs] Topoja, C IOCIEAYIOUINM IepepaclpeelieHneM TPaHCIOPTHRIX MOTOKOB BO BPEMEHHOM U
reorpau4eckoM POCTPAHCTBE MPOMBINUICHHBIX PailOHOB TOPOJIA.

KarwoueBble cioBa: ropoackas TpaHCHIOpTHAasA CHUCTEMaA, HeﬁpOHHaH CCTh, INNIOTHOCTL TPAHCIIOPTHOI'O
IIOTOKa, TpaH3HTHI>II>'I IOTCHIHAJI, S3KOJIOTHUYCCKOE COCTOSHUC.
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