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HNPUMEHEHHUE KAHOOT!
TP TEUMHU®UKAIIUU B OBPA3OBAHUHA

Lapes PIO.

Cospemennplil yposeHs pazeumiis 00w ecmea OUKmyenm Hogble mpe-
bosanus k opeanuzayuu 0opazosanus. OOHUM U3 AKMYATbHBIX HANPAG-
JIeHUT pa3eumust 00pa306aHus AGIAEMC 2elMUPUKAyLUs 00paA306aHUs,
KOMopast n0360Jisem 000UmMbCsi 8bICOKOU MOMUBAYUU U B0BIEUEHHOCU
cmyo0eHmos 8 00pa308amenbHulll NPoOYecc.

Lenvio padomul sisnsiemcs npogepKa 2UNOMmMesvl 0 MOM, 4mo UcC-
NONb30BAHUE USPOBBIX MOMEHMOB 8 00YUeHUlU, OCHOBAHHBIX HA AKMUB-
HOM npUMeHeHUuU UHMOPMAYUOHHBIX MEXHON02UL, 6 YACMHOCMU UH-
mepunem-pecypca Kahoot!, nogviuaem gognewennocmos cmyoenma
00paA308amMenbHLIIL NPOYECc, €20 MOMuUSAyUIo npu 0dyueHuu, gopmu-
pyem Komgopmmuyio cpedy, 6bi13bl8al0OUYI0 UHMEPEC K UZYUEHUIO NPeo-
MemHou obracmu.

Hogu3na uccnedosanuii cocmoum ¢ MemoousecKol opeanu3ayuu
npoyecca 00yyenus, 8 pamKax KOmopo2o 6bINOIHAEICA MEKYWUL KOH-
MPOJb YCBOCHUSL MAMEPUANA, MeM CAMbIM Peanu3ys aKmusHble Memo-
obl 00yuenus. Ipu peanuzayuu npednazaemoco nooxooda UCNnoab306d-
nock unmepnem-pecype Kahoot!, npedocmasasirowguii 603modxcnocmu
AKMUBU3AYUU BHUMAHUSL U KOHMPOTISL YCEOCHUSI MANEPUANA CIYOeH-
mamu.

Ilpeocmasnennvie 6 cmamoe pe3yabmamol N1OOMEEPICOAIOM -
exmugnocms nPednoAHCeHHO20 NOOX00A U UCHOIb308AHUSL 8 €20 PAM-
kax Kahoot!, komopwiii nozgonun cghopmuposams uHmMepaKmugHyo
AMEKMPOHHYIO 0OPAZ0BAMENLHYIO CPEDY.

Kmouesvie cnosa: obpazosanue, cetimupurayist; MOMUSAYUsl, 606-
neuerue; Kahoot!
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APPLICATION OF KAHOOT!
IN EDUCATION GAMIFICATION

Tsarev R. Yu.

The modern level of society development sets higher requirements
Jfor education. One of the most important trends in the development of
education nowadays is the gamifacation, which allows to achieve high
motivation and involvement of students into the educational process.

The aim of the work is to test the hypothesis that the use of gaming
moments in education, involving information technology, in particular
the Internet-resource Kahoot!, increases the student s involvement into
the educational process, raise one's motivation, and creates a comfort-
able educational environment that causes interest in subject learning.

The novelty of the research consists in the methodological organi-
zation of the learning process, within which the current control is car-
ried out, thereby realizing active teaching methods. When implement-
ing the proposed approach the Internet-resource Kahoot! was used.
It provides opportunities for activating attention of the students and
controlling the learning progress.

The results presented in the article confirm the effectiveness of the
proposed approach and the use within its framework of Kahoot!, which
allowed to create an interactive electronic educational environment.

Keywords: education; gamification; motivation, involvement,; Kahoot!

Beenenne

[eiiMudukanuss B 1eIOM MPEACTaBIsieT cO00M KOHLENLUIO BHE-
JIPEHUSI UTPOBBIX TEXHOJIOTUH B PA3NUYHBIX O0JACTAX, B TOM UYHCIIE
B 00pa30BaHMM, LIENbI0 KOTOPOH ABJSIETCS MOTUBALIMS M BOBJICUCHHE
CTYICHTOB B 0Opa3oBaTeNbHEIN mpomece [3]. AKTHBHOE IPUMEHEHHE
UTPOBBIX MOMEHTOB MPHU 00y4YCHUU O0YCIIOBICHO pa3BUTHEM HH(OP-
MAalMOHHBIX U KOMMYHHUKAIMOHHBIX TeXHonoruil [2]. KommnbroTepsl,
cMmaptdonbl, IHTEpHET cTain HeOTheMIIEMOM YacThi0 Halllel MTOBCE/I-
HEBHOW 1 PO eCCUOHATBHON JKU3HU.
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Pacmmpsisi BOBMOKHOCTH COBPEMEHHBIX CTYJICHTOB, MH(pOpMAIIU-
OHHO-TEJICKOMMYHHUKAIIHOHHBIE TEXHOJIOTHH TAKXKe MOTYT ITPOBOIIHPO-
BaTh YTPaTy HHTEpPEeCca M MOTHUBALIMH K OOYUEHHIO TPAAUIIUOHHBIMHU Me-
Tomamu [4]. B cBsi3u ¢ 3THIM 0Opa3oBarebHas CHCTeMa JIOJDKHA /Al TH-
pOBaThCs K COBPEMEHHBIM 3arpocam, OpMUPOBATH U Pa3BUBATh HOBBIE
METOJIbI O0yUCHHSI, HCIIONB3YS aKTUBHBIC METOJIbI OOYUEHHUSI C yUETOM
TOCTIDKCHHH B 00JIACTH HH()OPMAITHOHHBIX TEXHOIOTHH [1].

BBeznieHne UrpoBbIX 2J€MEHTOB B 00pa3oBaTesIbHBIN Ipoliece, Mo-
BbIIIas YPPEKTUBHOCTh YCBOSHHs MaTepualia, pa3BHBas MpaKTHYe-
CKHC KOMIICTCHIIMHM, a TAKKC IMOAACPIKUBAA BBICOKHI YPOBE€HL BOB-
JICYCHHOCTHU CTYJCHTA, MOJOXKHUTEIBHO OTINYACT FeMMU(DUKALINIO OT
MPOYMX TOAXONOB B oOyuenuu [7]. MccmenoBanust mociuenHux JeT
[OKa3bIBAIOT MPSMYI B3aUMOCBSI3b MEXIY WIPOM M TOBBIIICHHON
MoTuBarueit odydaromerocs [10]. C omHO# cTOpOHBI reiMubUKATIHS
B 00pa30BaHMM MOTHBUPYET U BOBJICKACT CTYACHTOB B MPOLECC 00Y-
YEeHHs, C APYTOH CTOPOHBI, CIIOCOOCTBYIOT MX Pa3BUTHIO U TIOMOTAeT
pacKphIBaTh TaJlaHTHI JIaXKe B paHee HEU3BECTHBIX UM obnactsx [11].

[Tpumenenne reiiMupUKaIA KaK OJJHOTO W3 MOAXOA0B K 00ydeHHIO
TI03BOJISIET OOBIYHBIE MPOOJIEMBI M 33/1a4M TPEBPATUTH B MHTEPECHBIE U
yBIICKaTeNIbHbIE, B TOM YHCIIE, 32 c4eT 3(pdexra HeonpeneneHHOCTH U
HCOXKHNIAHHOCTH, YTO JCJIacT I‘eﬁMH(bHKaHHIO MOUIHBIM UHCTPYMECHTOM,
KOTOPBIH 11e1eCO00pa3Ho UCTIONB30BaTh NPH PEILICHUH Pa3HOOOpa3HBIX
po6IeM coBpeMeHHOTo 00pazoBanus [8]. I1pn 3TOM HOBBIEC METOMIBI 00-
Y4€HHA JOJDKHBI OCHOBBIBATHCA Ha B(bq)CI(TI/IBHOM HCIIOJIb30BAHUU HH-
(hOpMaIMOHHBIX W KOMITBIOTEPHBIX TEXHOJIOTHI B Y4eOHOM TIporiecce u
co3aBarh A3P(HEKTHBHYIO HHTEPAKTHBHYO 00pa30BaTesbHY 0 cpery [6].

HNuTepakTuBHasi 00pa3oBaTe/ibHas cpena
D¢ dexruBHas HHTEpaKTUBHASE 00pa30BaTesIbHAS CPEia MOKET OBITH
OpraHM30BaHa MOCPEICTBOM 00pa30BaTeNIbHBIX pecypcoB cetn MHTep-
HET U COOCTBEHHBIX cMapT(OHOB cTyAeHTOB. OIHMM U3 BapUAHTOB
peasT3aIy TaKoW CpeIbl ABISIETCS HCIIOIb30BaHNE BOSMOYKHOCTEH T10
WHTEPAKTHBHOH OLIEHKE YCBOCHUS 3HAHUN M IPHOOPETCHUSI KOMIICTEH-
i, npenocrasisieMbix caiitom Kahoot! (getkahoot.com) [5].
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JlaHHBII pecypc MO3BOJISIET MPOBOAUTH ONPOC HENOCPENCTBEHHO
BO BpEMsI JIEKIIMOHHBIX WM MPAKTUUECKUX 3aHATHH. [Ipn 3TOM oneHka
OTBETOB CTY/IEHTOB OTOOpa)kaeTcsi pecypcoM He3amemuTenasHo. He-
MOCPEACTBEHHAs: 0OpaTHasl CBSI3b YCHJIMBACT BOBJICUEHHOCTH CTYACH-
ToB. Ha puc. 1 mpencrasnen BHenHuit Bup caitta Kahoot! ¢ oganMm n3
BOIPOCOB U YETHIPbMS BapHaHTaMu OTBeTOB. Kpome 3toro, Ha puc. 1
IIPE/ICTABIIEH BHEIIHUI BU cMapT(OHa CTyeHTa, HA KOTOPOM 0T0oOpa-
JKCHBI ITUKTOTPpaMMbI COOTBETCTBYIOIIUC ITPE/jIaraCMbIM OTBETaM, OJUH
13 KOTOPBIX JOJDKEH BBIOPATh CTY/ICHT, Ha’kaB Ha IUKTOTPaMMy OTBETA.

FIRRT o — == — T =

L .

T T I e

Bo3mowHoCTL pacwpeHns cetuw 5E3 IAMETHOMD CHUMEHWUS e
MPOMSBOAWTENBHCCTY HA3RIBAETCH:

PIN: 530110

‘ flpospammoe
OS‘:?}TJE AMBbHOCTH. M MacuwrabupyemocTs

Puc. 1. Buennuii Bup caiita Kahoot! u cmaprdona cryzenta

Kahoot! nmo3Bosnsier coznaBarh OHIAMH TECTHI ¥ OIPOCHI, KOTOPbIE MO-
TYT OBITh MTOKA3aHbI IPOEKTOPOM Ha OOJIBIIIOM 3KpaHE WA UHTEPAKTHB-
Ho#t nocke. Kpome Texcra Kahoot! pegocrapiser BO3MOXHOCTb BCTpa-
WBaTh PUCYHKH, TpaUKH, TAOIHUITHI, a TAKOKE ayFio U BUIEO KOHTEHT [9].
CTyzeHTBl OTBEYAIOT Ha BOMPOCHI TECTa C JII00OT0 MOIKIIOYEHHOTO K
WuTepHery ycrporicta. Kak noka3plBaeT NpakTuka NPUMEHEHHS Ha 3a-
HaTusIx pecypca Kahoot!, 0coOeHHO yBiIeKaTenbHBIM CTYCHTBI HAXOASAT
BO3MOYKHOCTB MCIIOJIB30BATh VIS 3TUX LieJiel COOCTBEHHbIE CMapT(OHBI.

HocrouncreoM caiita Kahoot! siisieTcst BOBMOXKHOCTb COXPaHUTh
MOJTy4YEHHBIC Pe3yJbTaThl Ul JalbHEUIIEro aHaiu3a MperojaBare-
JSIMHA. DTO TO3BOJISIET TIEPECMOTPETh COJCPIKAHKE U MPEJICTABIICHNE
yueOHOTro MaTepHaia Ha cle Iyl y4eOHbIH Toj C 1eIbIo MOBbIIIe-
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HUA €T0 YCBOCHHA CTYACHTAMMU. KpOMe 9TOTI'0, IMOJIYUCHHBIC PE3YyJIbTa-
Tbl MOTYT OBITh MCIIOJIE30BAHEI JJIA Ooiee FJ'IY6OKOFO HU3y4YCHHUSA IOHA-
THH U pa3aciioB, BbI3BABIINX TPYAHOCTH Y CTYACHTOB.

OnbIT npakTHyeckoro npumeHenns Kahoot!

Bosmoxknoctu pecypca Kahoot! mo3Bonunu pacmmpuTh CHEKTp
MIPUMEHSEMBIX Ha 3aHATHSAX aKTHUBHBIX METOOB OOYYEHHS W TIOBBI-
CUTh MHTEPAKTHBHOCTb IPH M3yUYEHHH TEOPETUUYECKOrO Marepuana u
OIIEHKE ITOJTy9eHHBIX 3HaHWH. Amnpobanus TaHHOTO MOAXoJa B Teii-
MUHUKAIUU 00y4eHHs TIPOBOIMIIACH B paMKax TucHuIuinH «MHupop-
Matuka» 1 «MHQOpMaIMOHHBIE TEXHOIOTHH» CO CTyIEHTaMH 1-ro u
2-10 KypcOB, OOIINM KOJTMIECTBOM 256 HeIOBeK.

Kaxnoe 3anaTue ObLJIO MOCTPOEHO ciedyromum obdpasoM. B Ha-
qaJie 3aHATHS MPOBOAMIIACH OIICHKA OCTAaTOYHBIX 3HAHWNA C MOMEHTa
MpOBeNICHHS NpeAbIIyIero 3ausaTus nocpeactsom Kahoot!-tecra. B
KOHIIE 3aHSATHS MPOBOIMIOCH TECTUPOBAHUE 110 MaTepUay, IPOHIeH-
HOMY B TEYEHHE TEKyILEero 3ausaTui. Kpome Ha4ambHOTO U KOHEYHOTO
TECTUPOBAHHUSL, CTYACHTHI BHITIOIHSIIN TECTHI ITOCIIE H3YYSHUS OT/IEIb-
HBIX TeM. KonmmuecTBO BONPOCOB B Havalle W KOHIIE 3aHSTHS OBLIO
paHO JeCATH, KOJMYECTBO BOIIPOCOB B KOHIIE U3YYCHHUS TEMbI — IISITH.
[Ipu 3TOM TEPBBIM U 3aKIOYUTEIBHBIN TECThl ObLIM WHAWBUIYAJIb-
HBIC, @ IPOXOXKACHUE TECTOB IOCIJIC W3YyYCHHS TEMBI MOIJIM HOCHUTH
KaK WHIUBUIYaIbHBINA, TaK ¥ TPYIIIOBOM XapakTep.

[lo okoHYaHUM TeCTa CTYCHTHI MOITIM OCTaBUTh B cucteMe Kahoot!
CBO€ MHEHHE O BBHITIOJTHEHHUH TECTOB B MTPEINIOKEHHOM (hopmare. Ycper-
HEHHbIE Pe3yJbTaThl ONpoca MpeJICTaBIeHbI Ha pHC. 2.

[1o okoHYaHWY TeCTa CTYIEHTHI MOIJIM OCTaBUTH B cucteme Kahoot!
CBOE MHEHHE O BHIITOJHEHHHU TECTOB B IIPeIIOKEHHOM (hopmare. Yepen-
HEHHBIE Pe3yJbTaThl OMPOCa MPENICTABICHBI Ha PHC. 2.

Kpome storo, ObuT MpOBEAEH OMPOC CTYACHTOB 00 MX MHEHHUH O
pesynbrarax oOydyenus: ¢ npumenenneM Kahoot! [Tonyuennsie oTBe-
THI TIPEICTABICHBI Ha pUC. 3.

[lony4eHHble pe3yabTaTbl MO3BOJSIOT CYAUTh O MOJOKUTEIHHOM
a¢dexre mpumeHerns pecypca Kahoot! mpu moaroroBke cTymneHTOB.
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B TONOXKHTENbHOE
B HeHTpanbHOE

B oTpHIlaTEIbHOE

Puc. 2. MHeHHe CTYIEHTOB OTHOCHUTEIBHO BBIMOIHEHNUS TeCcTOB B (hopmare Kahoot!

90

88

86 B GBUIO JTH 00y9eHHE YBIEKATENbHBIM?
84

B H3YYIUIH JIH BEI 9T0-TO HOBOE?

m MormH 651 Bel pexoMernogats Kahoot!
80 K TIPHMEHEHHIO APYTHM CBOHM
78 IIPeroaBarensaM?

76

82

74

Puc. 3. OGpaTHas CBS3b OT CTY/ICHTOB

3akiloueHue
Ietimudukammst 06pa3oBaHMs TTO3BOJISIET TOOUTHCS BEICOKOM MOTH-
BallMM M BOBJICYCHHOCTH CTYJICHTOB B 0Opa30BarelbHBIN Imporecc. B
cTaTthe OBUT PacCMOTpPEH OAWH W3 MHCTPYMEHTOB — WHTEPHET-PECYPC
Kahoot!, koTopblii 103B0OJISIET CPOPMHUPOBATH HIIH PACIIUPUTH HHTEPaK-
TUBHYIO 00pa3oBaTebHyI0 cpeny. [IpencraBieHHble pe3ynsTaThl arpo-
Oauuu nmoATBePKAa0T 3D YEKTUBHOCTD TPEIIOKESHHOTO TIOIX0/1a.
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DEVELOPING INCIDENT
DETECTION ALGORITHM BASED ON THE MAMDANI
FUZZY INFERENCE ALGORITHM

Nikolaev A.B., Sapego Yu.S.

Application of fuzzy logic in the incident detection system allows
making a decision under uncertainty. The phase of incident detection is
a process of finding difficulties in traffic. The difficulty in traffic is the
main sign that there was a road accident and requires a reaction for its
elimination. This leads to the use of input data that must be relevant to
the vehicles and the road. These data must be considered together, and
should be compared with the corresponding values for further analy-
sis. The main parameters of the traffic flow, which can characterize its
current state, are a flow rate, a volume flow.

Necessary to analyze the input data received from the sensors. Af-
ter processing the input data, using the previously entered fuzzy rules,
will be taken action that will improve the situation in traffic or at least
not allow it worse.

Keywords: Mamdani fuzzy inference algorithm, incident detection
system.

Introduction

Components of the system based on fuzzy logic can be implement-
ed by various methods. Lotfi Zadeh developed the idea of the formal-
ization of fuzzy control algorithm using the logical rules [16, p. 338].
For obtaining output of vaguely formulated data can use logical rules
with vague predicates. Consider more detail the algorithm Mamdani
fuzzy inference that will be used in this paper, as the most useful for
the implementation of fuzzy control systems.

Mamdani algorithm describes several sequential steps. Each succes-
sive stage receives input values obtained in the previous step (fig. 1):
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he fuzzification

onditions

The accumulation of

conclusion

Fig. 1. Phases of Mamdani algorithm

Consider in more detail each of the steps on the example of inci-
dent detection system, further linguistic parameters will be introduced.

Determining of linguistic variables
Linguistic variables are input and output variables of the fuzzy sys-
tem. Linguistic variables consist of words or sentences of a natural
language, which allows to express certain conditions and to under-
stand them without the need for measurement or calculation to make a
definite conclusion, for example, “on the section of the road was filled
with” instead of “on the section of the road was 100 cars.”

[

Fig. 2. The input and output linguistic variables

The next linguistic variables in incident detection system will be
used to determine the occurrence of incidents (fig. 2):

e Flow Rate = {small (SM_SP), medium (ME_SP), large (LA _SP)}

On sections of road where the accident occurred the rate of traffic
flow will certainly be slower than in an area where nothing prevents
movement. Therefore this variable is necessary for the determining the
occurrence of the incident.
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e Volume flow = {small (SM_V), medium (ME_V), large (LA_V)}

The volume flow is the number of vehicles crossing the road section in a
predetermined unit of time. If the incident occurred on the road, the number
of cars is less than in free motion. It should be noted pattern of volume on
flow rate: if the vehicle speed is high and the volume is small, it is consid-
ered that the road is free. If the volume of vehicles remains unchanged, the
flow rate drops, it means that traffic incident probability occurred.

e Status of incident = {false, true}

This variable has two values: “false” — no incident, “true” — inci-
dent occurred.

Each specified linguistic variable measures certain traffic conditions;
with these conditions form the rules governed the system. Stage of the
determination of linguistic variables is an important step because they
effect on the efficiency of the system. These variables must be translated
into the fuzzy controller by using membership functions; therefore they
should be defined for the above variables.

The formation of fuzzy rule base

When an incident occurs, it is formed on the road a congestion. As
soon as incident is considered to be cleaned, the road capacity is in-
creased and congestion dissipates. The algorithm determines the state
of traffic changes according to the volume and rate of flow.

Define fuzzy rules that are used to describe the relationship between
inputs and outputs data, as the current state of road can determine using
fuzzy rules. As a result received 9 rules (Table 1):

Table 1.
Fuzzy rules for determining the current status of the road

Ne Flow Rate Volume flow Status of incident

1 Small (SM_V) true

2 Small (SM_SP) Medium (SM_SP) true

3 Large (LA_SP) true

4 Small (SM_V) true

5 | Medium (ME_SP) Medium (SM_SP) false

6 Large (LA _SP) false
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End of the table
7 Small (SM_V) false
8 Large (LA_SP) Medium (SM_SP) false
9 Large (LA SP) false

The algorithm of incident detection will issue one of the following
results:

1. Normal traffic

2. Probability of occurrence of the incident

3. Incident is detected

During a certain period of time traffic conditions will be analyzed
for occurrence of the incident. If the analysis shows that the move-
ment is not normal, it is considered «likely the incident occurred»
(situation 2) or — a situation 1. If during 3 time periods measured
traffic is not normal, it is considered that an incident occurred on
the road, then the output will be situation 3. If the flow is returned to
normal, it means that the incident was resolved, and the output will
be situation 1 again.

The fuzzification
A characteristic of a fuzzy set is membership function, which is re-
sponsible for the process of fuzzification necessary to compensate for
the lack of inaccurate input data from sensors because the equipment
cannot provide reliable indication for various reasons.
For term-sets certain linguistic variables that are uncertainty such as “is
in the range”, should be used trapezoidal membership function (Fig. 3):

B (Y) B c
1

0.75

05

0.25
a d
0 i 2 3 4 5 & 7 & 9 10

Fig. 3. An example of a trapezoidal membership function
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The trapezoidal membership function, in general, can be defined
analytically by the following expression:
0,x<a

—,a<x<b
b-a

f(x,a,b,c,d)=< 1,b<x<c (D)
Zesx<d
0,d<x

where a, b, ¢, d — some numerical parameters that take arbitrary real
values and the ordered relationship: @ < b < ¢ < d. The parameters a
and d describe the lower base of the trapezoid, and the parameters b
and d — the upper. Furthermore, this membership function generates a
normal convex fuzzy set with the characteristics: interval (a, d), bound-
aries (a, b) (c, d), core [b, c].

Define the membership functions for the linguistic variable:

e Flow rate (Fig. 4):

By

1 \

0.75

0,5

0.25

0 10 20 30 40 50 60 70 80 90 100 {km/h)

Fig. 4. Membership function for the characteristic “flow rate”,
where 1 — small (SM_SP), 2 — medium (ME_SP), 3 — large (LA_SP)

The value “small”:

1, SP< 15
Hsm(SP) = {%,15 <SP< 30} @)
The value “medium”:
T2,10 <SP <25
tme(SP) =4 1, 25 <SP < 45 (3)
205P 45 <SP < 60

15
The value “large™:
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SP—40
—,40 <SP <55
uats?) = { } o)
1, 55<SP
e Volume flow (Fig. 5):
uy)
1T\ |
0.75 \
05 N\
” 1\\ |
0 100 200 300 400 500 600 700 800 900 1000 (auth/h)
Fig. 5. Membership function for the characteristic “volume flow”,
where 1 —small (SM_V), 2 — medium (ME V), 3 —large (LA_V)
The value “small”:
1, V<250
Hom (V) = {3‘1‘;”, 150 <V < 300} )
The value “medium”:
T=2,100 <V < 250
(V) ={ 1, 250 <V <550 (6)
889V 550 <V < 650
100
The value “large™:
V-500
,500 <V <650
ua) = { 5% } ™
1, 650 <V

Fuzzy inference

Fuzzy inference consists of three main stages [3, p. 333]:

e Aggregation

e Activation

e Accumulation

Aggregation is a procedure for determining the degree of truth of @,
conditions for each fuzzy rules from inference system. If the condition
of fuzzy rule is a simple fuzzy statement, the degree of its truth corre-
sponds to the value of the membership function corresponding to the
term of a linguistic variable. If the condition is a composite statement
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(such as incident detection system), the degree of truth of a complex
statement is determined based on the known values of the truth of its
component elementary statements using fuzzy logic operations previ-
ously introduced in one of the pre-specified bases. For incident detec-
tion systems, it will be determined as follows:

a,=min{y, (SP). u,(V)} ®)
where p,, —membership function for the characteristic «flow rate» (SP).

u, —membership function for the characteristic «volume flow» (V).

i =(1..n) — number of fuzzy rules.

Activation is the process of finding the degree of truth of each the
sub-conclusion of the fuzzy rules. If the conclusion of fuzzy rule is sim-
ple fuzzy statement, the degree of its truth is algebraic multiplication of
weight and the degree of the truth of the antecedent of the fuzzy rules.

If the conclusion is a composite statement, the truth degree of each
of the elementary statements is algebraic multiplication of weight and
the degree of the truth of the antecedent of the present fuzzy rules. If
weight coefficients are not specified explicitly in the stage of forming
the basis of the rules, their default values equal 1.

Membership functions p(y) of each elementary sub-conclusions
consequent all fuzzy rules are determined by using the method of fuzzy
composition — min-activation:

., (SP. V) =min {a,u,(SP). u,(V)} ©)

Accumulation is the procedure of finding the membership function
for each output linguistic variables. The aim of this stage is obtaining
a fuzzy set (and their associations) for each output variables. Associa-
tion membership functions of all sub-conclusion carried out by using
max-associations method:

p, =max {p (SP,V)..n _ (SP,V)} (10)
where neN — total number of fuzzy rules.

The final stage is the defuzzification: process of transition from the
membership functions of the output linguistic variable to its crisp (nu-
meric) value. This phase in the developed system of incident detection
is not required, as the incident detection algorithm returns a boolean
value (true or false).
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Implementation of the developed algorithm

Example of system that described natural language and has two
input and one output variables. If the flow rate is high and the volume
flow is medium, it is considered that incident didn’t occur on the road.
Membership function of these linguistic variables are calculated and
formed by using a fuzzy model. The final stage is operation of defuz-
zification operation that produces a crisp output action.

Let monitoring system returned following value of parameters: flow
rate (SP) — 47 km/h, volume flow (V) — 565 auth/h. Calculate for each
membership function values according to the formulas 2—-7:

Flow rate:

n,(47)=0
u (47)=0,86 (11)
u, (47)=0,47
Volume flow:
n (565)=0
n, (565)=0,85 (12)

u, (565)=10,43
Further, it is necessary to determine the degree of membership for
each rules of the fuzzy inference system. According to the above-cal-
culated values of membership functions for each fuzzy rule receives an
activation of sub-conclusion by using min-activation method (Table 2):

Table 2.
Degree of membership for each fuzzy rule
YVolume
565 565 565
Rate usm( ) B mz‘( ) p,,,( )
n,(47) min{0; 0} =0 min{0; 0,85} =0 min{0; 0,43} =0

n, (47 min{0,86; 0} =0 | min{0,86; 0,85} = 0,85 | min{0,86; 0,43} = 0,43
n,(47) min{0,47; 0} =0 | min{0,47; 0,85} = 0,47 | min{0,47; 0,43} = 0,43

The final step in the fuzzy inference is a stage of accumulation, on
that receive fuzzy set (or association) for each of the output variables
by using max-associations method:

p = max{0;0;0;0;0,85;0,47;0;0,43;0,43} (13)
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Get the total value 0.85 for the fuzzy rule: «rate = medium» and
«volume = mediumy». According to the table 1 the system displays the
status of the incident «false», which means that the incident did not
appear on the investigated section of the road.

Conclusion
In this paper, fuzzy algorithm of Mamdani was discussed in detail:
defined linguistic variables, formed fuzzy rule base, offered fuzzy infer-
ence algorithm, as well as illustrates an example of the implementation
of the described algorithm for incident detection system.
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INTERACTIVITY OF THE MODERN AUTOMATED
SYSTEMS OF THE HELP TO THE DRIVER

Vasyugova S.A., Nikolaev A.B.

In this article the current technologies in the field of intelligent trans-
portation systems are investigated. The latest systems on control of the
safe movement on roads are considered. The analysis of the systems of
the help to the driver implemented in cars is carried out. The system
concept of the help to the driver of «System helpy is offered. Algorithms
of work of this system which is based on the principles of interactivity
and interaction are investigated. By results of researches experiment on
quality of work of system concept of «System helpy is made.

Keywords: automation, transport,; car, System help, ITS; control-
ler; algorithm; LEGO.

Introduction

The movement safety issue on roads already long time remains pri-
ority worldwide. Processes of ensuring reliable and safe movement on
roads affect various areas of road infrastructure, technical means, sci-
ence and education in general. The package of measures for identifica-
tion of factors which are capable to increase quality of work of system
of regulation of traffic and quality of functioning of internal system of
the vehicle is undertaken.

Modern innovations in ITS
Today there is a number of innovative solutions on safety on roads.
These decisions affect two main areas: external (extends to road trans-
port infrastructure) and internal (the implemented systems increasing
safety of use of the vehicle).
To external it is possible to carry:
 installation of adaptive traffic lights (incorporate the sensors
which are reading out density and flow rate, meteoconditions
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and other factors then information goes to uniform control
center on a wireless communication);

means of automatic fixing of violations of the rules of traffic —
traffic regulations (probing devices and means of a photo of
fixing and video of fixing of a road flow and separate elements);
electronic information displays (reflect a situation in roads in
the mode onlayn6 the high-speed mode, weather conditions,
jams on roads and a way of a detour, an arrival time to this or
that point on the map, etc.);

detectors of a transport flow (are equipped with several sensors
of different type: a microwave radar for measurement of speed,
the ultrasonic detector for an assessment of dimensions and
classification of vehicles by classes and the multichannel infra-
red detector for ensuring calculation of cars and determination
of intensity of the movement);

system of automatic lighting;

road controllers and automatic road meteorological stations [1];

It is possible to carry to internal innovative solutions:

system of detection of pedestrians;

system of recognition of route signs;

system of deduction of a lane;

monitoring system of degree of fatigue of the driver;
system of the auto pilot;

system of the automatic parking, etc.

All above-mentioned internal systems are similar among themselves
in the constituting components and the interacting nodes. Sensors of
collection and scanning of information of an external situation, cameras
and radars (lidars) are the cornerstone of such systems. The onboard
computer (controller) which carries out all main computing functions
and management functions by all system [2] acts as control center of
such systems.

However the modern implemented technologies not always meet
the requirements which were set earlier by it. Some systems have a
limited scope. Not all systems are capable to guarantee the high level of
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protection of the driver and the car against possible incidents. Systems,
which possess high adaptability to surrounding conditions and a capa-
bility independently to make decisions, have the greatest efficiency.

Within this article, authors have researched modern systems of cars
and their possibility of the automated work. During researches and ex-
periments the conclusion has been drawn that the most effective are
those systems which possess a capability quickly to adapt to changes
in environment and a possibility of communication between the inter-
acting elements. Such systems are capable to increase quality of work
of the car and safety of its use.

The automated system «System help»

The principle of work of this system consists in an assessment of
the surrounding situation by collection of information arriving from
external sensors on the onboard computer of the vehicle and decision
making on impact on the hardware executive mechanisms, and also, to
informing all active participants of traffic (fig. 1). Active participants
of movement are understood as those vehicles with which physical
contact is possible (collision, a contact etc.).

System of the help
to the driver

) [ ——
al o 0 N
@}\ S O SJ C//@

Peripherals

Fig. 1. Work of the system «System help»
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The system makes the decision, analyzing all arriving data. Therefore
influences, as the hardware executive mechanisms, on which it is estab-
lished and on the hardware executive mechanisms of active participants
(provided that all the hardware are equipped with this system), if it is neces-
sary (fig. 2). The principle of interaction of one system happens to another
on the «System — to — System» model. Interaction happens only to systems
of one type. The system of the car equipped with “System help” can ad-
dress system of the car with the same system of n-times (where n=1 ... o).

Depending on the existing danger, it is possible to allocate 3 ways
of interaction between systems:

1. Giving of the warning signal or the message on the instrument

panel of the car (in fig. 2 it is represented as “!!!”).

2. Projection of the warning sign or the corresponding message on

a rear screen of the car (in fig. 2 it is represented as “Stop”).

|
=
( System}tc( Systenﬂ
\

Principle
interactions

Syitem help

Fig. 2. Principle of interaction between systems
(Sys-a condition of verification of system like “System help”)
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3. Giving of the operating signals on the operating hardware
mechanisms (in fig. 2 as «go ...back ... stop»).

Interactivity of the system «System help»

Advantage of “System help” consists in ability of systems of cars
to the automated interactivity. At danger detection the system initially
informs the driver on the arisen hindrances and if the driver for any
reasons ignores signals of system, “System help” transfers work of the
car to an off-line mode.

At an off-line mode of work the system interrogates participants
of the movement who are in the radius of action of system and, at an
affirmative answer on request, makes connection to system of other
car (fig. 3).

Algorithm of connection of system of
the car of one user of “System help" to
system of the car of other user

Data
collection

Data
processing

YES

Signal of
connection
and these
cars

,.o .
— (D

— O
s

Systemn help

Fig. 3. Algorithm of connection of one system “System help” to another
(Sys-a condition of verification of presence of system like “System help”)

After connection of one system to another, on the screen of the in-
strument panel it is given the corresponding signal and the message
on connection and these cars, which participate in “communication”
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(serial number of the car, model and make of the car and identification
number in the «System help» system).

In figure 4 (fig. 4) the algorithm of interactivity between systems on
which interaction between participants of traffic is step by step described
is presented. The element S is check of the contacting object on existence
of the system «System help». Element W — is danger condition.

Experiment on interaction
Within researches, experiment on interaction of systems has been
delivered. Testing and the analysis of influence on changes of traffic of
the used principles of the «System help» system was held.

Algorithm of Begin End
interactivity .
Data
collection
collection
Dk [ f th Ing signal:
P Iving of the operating signals on
processing the HARDWARE exceutive
di danger
’ Formation of
— signals
Definition of a class of
danger and quantity of
dangerous sources Calculation of a method
of prevention of danger
YES NO ¥
A4 5?
Glving of the
informing signal
/ Giving of the operating signals an
vt the HARDWARE exacutive
NO YES mechanisms, identifying danger
Definition of a class of Caleulation of a method of Formation of
danger and quantity of f——»| booow .
dangerous sources prevention of danger signals
System help

Fig. 4. Algorithm of interactivity

In experiment three robots (fig. 5) were used. Two robots are created
on the basis of the designer LEGO MINDSTORMS complex, with use
of the EV3 and NXT controller. Programs with use of a programming
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environment of LEGO MINDSTORMS Education EV3 and LEGO
MINDSTORMS NXT were developed for each robot.

Fig. 5. Experiment on interaction

As the third object the i-Spy Tank robot which was used as system
which isn’t equipped with the principles of “System help” has been
used. It is played a role of the object creating hindrances for two other
robots (fig. 6). It was necessary for additional check of level of readi-
ness of system to react to numerous external hindrances.

LEGO robots worked in an off-line mode. For their movement the
trajectory imitating journey of the intersection has been constructed.
The i-Spy Tank robot received management remotely from the tablet,
using the created Wi-Fi network for connection.

During numerous changes of a trajectory of the movement of the
i-Spy Tank robot for the purpose of creation of new hindrances, LEGO
robots successfully avoided collision with each other, being based on
interactivity and timely transfer of the informing and managing signals.
As a result of carrying out 10 experiments, only in one case there was
a collision of the LEGO robot with i-Spy Tank. It has been connected
with purposefully fast changing of a trajectory of i-Spy Tank.
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Main working elements
of the robot

riipe- W= Fi antenna

The motor with
system of a reducer

Average

Control charge

Fig. 6. Robot i-Spy Tank

Conclusion
Automation the processes of the car is very necessary and important
area in automotive industry. Traffic safety directly depends on mod-
ernization of this area.
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The system «System help» as has shown experiment on interaction,
is capable to provide comfortable and safe use of the car, and also, to
help the driver with difficult and dangerous situations on roads, making
autonomous decisions.
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MODELLING OF DYNAMIC SPEED LIMITS
USING THE MODEL PREDICTIVE CONTROL

Nikolaev A.B., Myo Min Khaing, Aung Myo Thwin,
Moe Ko Ko, Myo Lin Aung

The article considers the issues of traffic management using intelligent
system “Car-Road” (IVHS), which consist of interacting intelligent ve-
hicles (IV) and intelligent roadside controllers. Vehicles are organized in
convoy with small distances between them. All vehicles are assumed to be
fully automated (throttle control, braking, steering). Proposed approaches
for determining speed limits for traffic cars on the motorway using a mod-
el predictive control (MPC). The article proposes an approach to dynamic
speed limit to minimize the downtime of vehicles in traffic.

Keywords: intelligent transport system; intelligent car, simulation,
traffic safety;, model MPC; control in IVHS, speed limit.

1. Introduction

The ever increasing demand for mobility leads to traffic jams on
the roads in worldwide. One of the most promising approaches to re-
duce the frequency and impact of congestion is the use of advanced
traffic management methods that control measures (traffic lights, dy-
namic route information displays, dynamic speed limits, etc.) are used
to control the flow of vehicles in order to reduce traffic congestion and
improve highways crossing abilities.

Modern traffic control technology based on the modern transport
infrastructure based on the use of information and communication tech-
nologies, including intelligent equipment in cars. In road transport,
such systems are called intelligent vehicle highway system (IVHS). All
vehicles are equipped with additional IVHS equipment which allows
them to move in groups with a distance of two meters between the ve-
hicles and the distance up to 30—-60 meters between such groups. High
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speed and short distances between vehicles in the group can increase
the capacity of the motorway. The proposed approach does not ignore
the usual traffic control measures. In this paper, we will consider how
to determine the appropriate speed limits for vehicles in groups IVHS
to optimize the performance of traffic system, to reduce travel time and
fuel consumption, improve security and reliability.

2. The hierarchical framework for management in IVHS

The hierarchical traffic management framework in IVHS (Figure
1) provides increased throughput and reduces the risk of traffic jams,
and contains several levels:

» High-level controllers (regional, supraregional and district admin-

istration) ensure coordination of the upper levels of management.

» Roadside controllers. Each group of vehicles in the road network
is considered the roadside controller as a single unit. This greatly
reduces the complexity of managing the problem, compared with
a case where every single vehicle will be controlled by roadside
controller. As a result, all network traffic can be managed more
efficiently.

*  Groups of vehicles controllers — receive commands from the road-
side controllers, and are responsible for the oversight and coor-
dination of each car group within the vehicles. They provide the
coordinated motion of group of vehicles, including maneuvers and
maintaining safe distances between vehicles in the group.

» Vehicle Controllers — receive commands from groups of vehi-
cles controllers and translate these commands into control signals
for actuators, which installed in every vehicles (throttle, braking,
steering).

The main objective of the roadside controller is to determine the
speed of movement of the group of vehicles and the safe distance to
avoid collisions between vehicles, to determine the best size of the
group of vehicles according to the specific traffic conditions, dynam-
ic routing for groups of vehicles and output commands to change the
number and size of the group of vehicles.
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H Supra-regional Controller “

Regional Controller LR Regional Controller

I\

Zone Controller L Zone Controller

Roadside Controller LI | Roadside Controller

Vehicle Groups Controller [ Vehicle Groups Controller

\

Vehicle Controller LI Vehicle Controller

Fig. 1. The hierarchical management structure IVHS

3. Model predictive control
for traffic management using IV

Model predictive control (MPC) has originated in the process indus-
try and has been successfully implemented in many other industries.
MPC uses a model with discrete time 7, . At each control step, MPC
controller determines the current state x(k) of the system. Next, using
an explicit prediction model determined the values of the control com-
mands for a prediction determined period of Np (Figure 2).



MexayHapoAHbIi )XypHan nepcrnekTuBHbIX uccnegosanun, T. 7, Ne1, 2017 41

A

past «—f———» future

L}
Predicted future situations x

Currtent situation — 4 - "
n
|}
L] - = .
| i Computed control inputs u |
g S
. - ~ "y

k k1  «sx  K+N,

control horizon

. prediction horizon

Fig. 2. Prediction Management horizon in MPC

In order to reduce the computational complexity of the problem,
often impose the restrictions in the form of u (k + j) = (k + j-1), for
J=Nss Np—l where N _is called the prediction horizon. In each control
step, the control command generated by u*(k), which is an element of
optimal control sequence u*(k), ..., u*(k + N -1). Further, the prediction
horizon is shifted one step forward, and forecasting process is repeated
using the newly obtained values. Consider the possibility to control the
speed within the IVHS using MPC.

Roadside controller works with groups of vehicles as basic enti-
ties. In this case, the control signal must be set the speed limit for the
main vehicle in the group, and the time of travel controller. Today,
there is a wide range of traffic patterns in the area. An important fac-
tor that determines the selection of models for use in the MPC is a
compromise between accuracy and computational complexity, since
at each control step k the model will be used repeatedly in real time
during the entire running time. As a consequence, very detailed (mi-
croscopic) simulation model of the motion, as a rule, are not suita-
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ble as a predictive model of MPC. Instead, usually used simplified
(aggregated) model. However, it should be noted that the MPC is
constructed in a modular fashion. In that case, the model predicting
inadequate computational efficiency, it can easily be replaced by an-
other predictive model. As a performance criteria v (k) for MPC for
IVHS are the total time, overall throughput, the total fuel consump-
tion, safety, or combination of these, evaluated for the time period

[kT;trl’ (k + Np) T("rrl)'
control Svst measurements
> stem
inputs y
control MPC
control optimisation
actions
— &
model objective,
prediction constraints

Fig. 3. The control structure MPC

In order to prevent the traffic pulsation in the control signals is of-
ten added a penalty on variations in the control signal u, which leads
to increased productivity of complexity functions:

T (B) = Ty ()40 3 Juth + )=k + j= D2 )

the control step &, where a > 0 is a weighting factor.

MPC controller can also explicitly take into account the operational
constraints such as the minimum distance between the groups of vehi-
cles and maximum speed, minimum advance, etc.
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4. Components of models IVHS

This section describes a simplified model of vehicle and groups of
vehicles, which can be used as a predictive model in a roadside control-
ler using MPC. In the absence IVHS, vehicles can move at any speed
within a permitted speed (e.g. 120 km/h). As the traffic demand increas-
es, the vehicles start to follow their predecessors at closer distances and
at reduced speeds (50—-80 km/h). When the capacity of the highway is
being utilized at its maximum, decreases speed to 0—40 km/h.

4.1. Vehicle Model
To simulate the dynamics of vehicle movement using the equation:

x,(L+1)=x,()+v, (), +05a ()2 @

sim sim

Vi(£+1)= vi(£)+ai(£)Tsim 3)

where the ¢ — simulating step number, T, — simulation time step,
x, (€) — coordinate the longitudinal position of the vehicle (i) for the time
t=LT, ,v (£)—speed of the vehicle (i) for the time ¢ = (T, and a, ({) -
acceleration of transport equipment (i) at time # = £ T, . Acceleration
is present in (2)—(3) and is calculated in accordance with the current
driving situation, as will be explained below. Furthermore, the accel-
eration is limited between the maximum acceleration value a and

acc,max’

the maximum value of acceleration comfortable deceleration a,, . .
4.2. Model for Driver

In that case, if the of group of vehicle reach the next ahead exceeds
than the critical value, it is considered that the vehicle moves inde-
pendently, rather than as a group. Otherwise, it is assumed that the
moves of vehicles in the group. As described, there are various types of
vehicle models in the following [5]: a model to stimulate the response
[6], the model of collision avoidance [7], psychophysical model [8],
and models of cellular automata [9]. We use the model to stimulate the
response [6] to describe the behavior of the driver, since this model is



44 International Journal of Advanced Studies, Vol. 7, No 1, 2017

the most commonly used and easy to implement. Model stimulus re-
sponse [11] is based on the hypothesis that each vehicle is accelerated
or decelerated in accordance with the relative velocity and the distance
between the vehicles and its predecessor. Then, acceleration is deter-
mined by the formula [11]:

a(g) CVB(K) (VH-I(K_d)_vi(g_d))y
(a0 -d)=x,(0-d))
where C,  and y are parameters of the model, and d is the delay of

the driver.
(1 — Assume that T, — reaction time, which typically has a value of 1-1.2s,

“4)

is an integer multiple of simulation time step Tsim. So, T, , = oI where
o — Integer.
2—Itis assumed that T, usually has a value of from 1-1.2 s, and is an inte-

ger multiple of T . Thus T = dT, , where d — Integer).

4.3. Models for intelligent vehicles
Intelligent Vehicle (IA) used adaptive cruise control (ACC) and in-
telligent speed adaptation (ISA) when driving in the part of the group
of vehicles. Consider the model for calculating the acceleration of the
head of the groups of vehicles and other vehicles in the group.
1) model for the head of the group of vehicles: the calculation of
the acceleration is made on the basis of the expression:

ai(g): KI(VISA (f)_ Vi(f)) (5)

where K| is — the constant of proportionality, v, . — initial rate value,
which is measured by the roadside controller.

2) model for other vehicles: in this case, the acceleration is calcu-
lated based on:

4q; @): K, Q’mn,t (ﬁ)— (xi+1 (ﬁ)— X; (E)))-y— K (VH—I (f)_ Vi (E)) (6)

where K, and K, — constants and /4, — distance to advance the start-
ing of the car (z) The controller calculates a safe distance forward as
follows:
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hinit,i (f): So +V; (fr-_vford,i + Li @)
where §; — the minimum safety distance to be maintained at zero
speed. T — Time to move forward for the vehicle (i) and L, — the

length of the vehicle (7).

4.4. Model for the Group of IV

On a more general level, one can also consider a group of vehicles, as
a single entity without regard to the detailed description of the interaction
between the individual vehicles in the group. So essentially, we consider
a platoon as one vehicle with a length that is a function of the speed of the
platoon (due to the dependence of the intervehicle spacing managed by
the ACC on the speed and the number and length of vehicles in the group).
Consider p group and assume for simplicity that the vehicle group are num-
bered from 1 (the last car group), 2 (the penultimate group of vehicles), ....,
n, (group leader). The speed depends on the length of the group:

Loy =G0, —10s,+ 5w, (D) ZL (®)

where §, + S, v, (f) — the speed depends on the dlstance between the
vehicle in the group, the S, constant, and v, is the speed of cars (leader).
When merging the groups of Vehlcles can use the group model, if
the merger will not be lead to a collision at the following times inter-
vals. If both conditions are satisfied, the group of the vehicles is joined
to the main flow (at a rate, which is determined by roadside controller).
For individual vehicles not controlled by the roadside controller can
use the similar model, i.e., the vehicle joins the mainstream line provided
that there is a large enough distance between the groups, and that collision
will not occur. The vehicle speed can be taken equal to the speed of the
vehicle in front or a value not exceeding the maximum permitted speed.

5. Example simulation
To illustrate the operation of [IVHS, consider the segment of the road
length of 13 km. At a distance of 7.5 km, is provided a branch from the
beginning of this section (Figure 4).
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Let us consider the motion of vehicles without IVHS, with speed
(ISA) and the movement of intellectual adaptation of 1A system. For
simplicity, all the vehicles are considered to be of the same length
(L, = 4 m). During the simulation, we believe that the ISA limits the
speed of the vehicle and that drivers may not exceed the imposed speed
limit. In the [V-based case the groups of vehicles. Suppose that all
the IVs equipped with all necessary facilities (computers, sensors, and
ACC and ISA controllers on board).

Modeling a period of 9 minutes starting from the time z, = 7 hours,
ending at time 7, , =7 h 9 mins. The intensity of the movement of ve-
hicles assumed to be constant during the simulation period, and 1365
veh/h for non-automated vehicles, and 404 veh/h for the agency.

In the present state of the initial state of the simulation scenario is
described as follows. There is congestion of vehicles on the segment
from x = 10 km. to x = 11 km. at time . In congested area there are
100 vehicles at a speed of 0 km/h. The area has not overloaded vehicles
70 (uniformly distributed) at a speed of 120 km/h. After time 7, the
traffic congestion in the area returns slowly to its normal value.

For the research model was developed in the Matlab environment,
simulated and compared the results obtained for this scenario in the
normal driving mode and using the IVHS. Model used to model vehicle
(2)—(3) with the relative acceleration. To calculate the relative accelera-
tion during normal driving of the equation (4). For groups of cars with
the ISA — the equations (5)—(7). For the head of the car in the group
C=1,55,p=1,08 and y = 1,65 to accelerate, and C = 2,55, B =-1,67
and y = -0,89 for braking. Moreover, selected 6 =1,d =1, K = 0.01
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and K, = 0,4. For all vehicles in the group we have K, = 0,6, K, = 1.2,
S, =3 and T,/ 0.5. Fora group of vehicles in a model (8) is chosen
S, =0.5. Furthermore, Aoemax = 3 and a deomax -3 for all models. Time
step simulation made 7, = Is.

The purpose of traffic management is to increase the traffic perfor-
mance, i.e. minimizing the total time spent (TTS) for all vehicles using
dynamic speed limits:

Ny
JTTS,S,-m = Z (nveh (E ))+qhighway (f )+ qon—ramp (g YSim’ (9)
(=1

where N = 540, the total number of simulation steps (length Z3im =
1s) during the entire period of simulation 9 minutes n_, (£) is the num-
ber of vehicles that are present in the network at time ¢t =¢,  + €T,
Doy 0) 18 the number of cars in the queue for travel on the highway
during ¢t =¢, + (T and qon_mmp(f) — the number of vehicles present
in the queue attime ¢ =¢, + (T .

The corresponding function efficiency J (k). when used in the

MPC step approach to control is then given,

(k+N )K
Jperf (k): Zf (nveh (f)—l— qhighway (£)+ qon—ramp (g ))Tsim’ (10)

(=kK +1

with K = TC—”’ The total target MPC functions are also included, the
term fine o.= 0,01. For a control of the human situation, the ISA Man-
agement measures applied (with a speed limit for each section of 1 km
between the position of x = 0 km and the position x = 10 km). So, u
for the MPC control signal of the control task to step & includes ISA
speed limit for the first 10 sections and measuring speeds (expressed
as a number between 0 and 1) control step k to k + N — 1 (i.e., 11N,
variables in total).

If P, amount present in the network vehicle groups at the control
point k, and if Q, is the number of cars groups which could enter into
the network during the time interval from ¢ = kT, tot=(k +N) T, ,
the total number of variables is determined P N_ + Q, in total.
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Consider a maximum speed of 120 km/h. Roadside controller must
ensure the maintenance of a safe distance between cars in the group,
and between groups of cars. In particular, the minimum safe distance
between the group cars p, and following the same lane in front of a
group of p, cars is set So,gmp o L gronp eruop o1 where L has a cars
group speed p,. For the case study S oy — 20 M and T rgrop= 2 -

The access time T | control is set to 1 min. For prediction horizon
Np was made a value that matches 7 min, and is set to control horizon
N_, which corresponds to 3 minutes in order to limit the number of

variables.

6. Results
The simulation results showed a significant reduction in the total
time spent (TTS) in the case of the control groups of vehicles. Com-
pared to the uncontrolled movement of the improvement was more
than 24% (Table 1).

Table 1.
Values of the total time spent on the network during the simulation period
Case TTS(veh/h) Relative improvement
Uncontrolled case 27.44 0%
Controlled ( human drivers) 24.72 9.91%
Controlled (car groups) 20.67 24.67%

These results can be explained as follows. In the uncontrolled case,
when there are no vehicle in front of the driver or, if there is enough
space between vehicles, drivers retain their desired speed. But when
the driver is faced with traffic jams, he has to brake to avoid a collision,
and he had to wait until this incident will cleared. Moreover, there are
no mechanisms that can delay or prevent the flow of additional vehi-
cles from entering the highway. All this results leads to a lot of time
spent in the network for the vehicle, and thus also a higher value TTS
(total time spent).
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The MPC approach can predict the presence of congestion and prevent

it or reduce its negative effects due to the deceleration of vehicles (using
the speed limit), or delayed vehicles before they reach the congested area.
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When controlling group of vehicles by the full automation, able to maintain
a small distance between the vehicles, which leads to the decrease in TTS.

7. Conclusion
It is showed that the model predictive control (MPC) can be used to
determine the optimal speed of group of vehicles within the IVHS. The
proposed approach was illustrated by practical examples based on mode-
ling with the establishment of dynamic speed limits as control measures.
These results show the potential benefits and the possibility of improve-
ment that can be obtained using an intelligent control for MPC in IVHS.
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ALGORITHMS FOR TRAFFIC MANAGEMENT
IN THE INTELLIGENT TRANSPORT SYSTEMS
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Traffic jams interfere with the drivers and cost billions of dollars per
year and lead to a substantial increase in fuel consumption. In order
to avoid such problems the paper describes the algorithms for traffic
management in intelligent transportation system, which collects traffic
information in real time and is able to detect and manage congestion on
the basis of this information. The results show that the proposed algo-
rithms reduce the average travel time, emissions and fuel consumption.
In particular, travel time has decreased by about 23%, the average fuel
consumption of 9%, and the average emission of 10%.

Keywords: traffic jams, intelligent transport systems, detection and
control of congested roads; automated control system; control; simu-
lation; algorithm.

Introduction

Traffic jams are a major problem in large urban centers and directly
impact on the economy due to increase fuel consumption. In addition, it
affects the productivity of society as congestion dramatically increase
travel time from one point to another and causing irreparable damage to
the environment due to the increase of the emission of polluting gases.
According to statistics, 85% is associated with time wasted in traffic,
13% due to the increase in fuel consumption and 2% can be attributed
to an increase in emissions of polluting gases [1, 2].

To prevent congestion and improve the efficiency of transport sys-
tems, there is an active implementation of intelligent transport systems
(ITS). Intelligent transport systems use advances in techonology in the
area of processing, sensing and communication in order to monitor
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traffic conditions in a particular region to manage traffic and reduce
congestion as well as reduce the number of road accidents. In addition,
they can be used to provide information and entertainment services to
drivers and passengers in order to make their journey a more pleasant
process [2, 3]. A Vehicular Network is an important component in an
ITS. In this network, vehicles are equipped with processors, sensors
and wireless communication interfaces so that they can communicate
with one another and with the elements in the network infrastructure
(RSU — Road Side Unit), thus creating an ad hoc network while ve-
hicles move through roads. Thus, when driving vehicles on the roads
equipped with ITS, it created a special network (4, 7, 10).

Some researchers [8, 9] proposed the architecture for the design
of ITS, which range from centralized solutions to distributed decision
making solutions. These solutions use both the information provided
by vehicles and the characteristics of the infrastructure of the roads to
detect and control congestion. Thus, after detecting a congested area
or road, a rerouting mechanism is applied to the vehicles to prevent
more vehicles from entering the affected area, which results in a more
efficient traffic. Thus, this work is aimed at the implementation of a
distributed ITS to detect congestion and traffic management.

The proposed system consists of a set of roadside controllers. Each
controller is responsible for roadside vehicles management and con-
gestion detection only within the coverage area of its range. Moreover,
the system includes a congestion control mechanism that periodically
performs routing of all vehicles so they do not pass through congest-
ed areas. The system is divided into four stages, the distribution of the
roadside unit RSU collection and transmission of data, congestion de-
tection and congestion control [5].

The algorithm of placing
of roadside controllers (RSU) on the map
Allocation of road side controller (RSU) is uniform depending on
their radius and size of the map. Thus, the larger the range, the small-
er the number of roadside controllers is used to cover the map. In al-
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gorithm 1, when placing roadside controllers are taken into account:
Width — the total width of the card, Length — total length of the card
and Radius — range roadside communication controller. Algorithm 1
based on the size of geographic area and radius roadside communica-
tion controller (line 3) calculates the number of roadside controllers
that are needed to cover the entire map. Then the coordinates of the
placement of roadside controllers in relation to the map.

The algorithm of placing of roadside controllers (RSU) on the map
Input: Width // Total width of the map
1 Length // Total length of the map
2 Radius // Operating range of RSU
Output: Coordinates of the points of each RSU
// returns the amount of RSUS to cover the entire map
3 rsus «— getNumberOfRSUs(Width; Length; Radius);
4 foreach y € rsus do
// returns the coordinates (x; y) for each RSU
5 Rsus_coordinates.add(getCoordinates(r));
6 end
Communication range of roadside controllers influences the cost of
implementing the system, i.e, the smaller the radius of the connection, the
greater the number of roadside controllers required to cover the entire map.

Algorithm to collect and transmit data in the RSU

This algorithm provides data collection from RSU to obtain infor-
mation about the events taking place within their communication range,
as well as information about the behavior of the vehicle in their cover-
age area. In which vehicles periodically send information about the po-
sition, speed, distance covered, time and direction of travel movement
in the near RSU. This information is transmitted via the long-range
communication (LTE or 3G).

Algorithm 2 describes a process in which each vehicle sends the
information to the nearest RSU. The algorithm takes as input the set of
vehicles and a set of coordinates of each RSU, which are respective-
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ly represented N and RSUs-Coordinates. Thus, each vehicle collects
information and identifies the nearest RSU in relation to its position
(Line 4). Moreover, each vehicles create messages containing the col-
lected information and sends it to the nearest RSU (Lines 5-6). After
collecting and transmitting data to the RSU, it is necessary its analysis
and interpretation. Each roadside controller creates a graph G=(V, A),
where the vertices V — a set of transitions within the reach of roadside
controller (representing the top) and the arc A — is a set of roads that
connect the top. Each road (edge) of graph G has a weight defined by
the average speed with which the vehicles travel it and the maximum
speed allowed on it. This weight is inversely proportional to the speed
at which the vehicle moves along the road. This weight is inversely pro-
portional to the speed at which the vehicle moves along the road. Thus,
the closer to the speed of movement of the vehicle with speed limited,
the lower the weight of the road. Conversely, the lower the speed of the
vehicle relative to the maximum speed, the higher the weight.

Anroputm of Collecting and sending data to the nearest RSU
Input: N // Set of vehicles on the network
1 RSUs_Coordinates // Set with the coordinates
of each RSU
2 foreachv € N do
// returns information about vehicle V

3 status v.getInformations();
// returns the nearest RSU to vehicleV
4 nearestRsu RSUs_Coordinates.getNearstRSU(v.getPosition());

// creates a message with the information of vehicle v and sends
it to the nearest RSU

5 message «— CreateMessage(status);
6 message.sendTo(nearestRsu);
7 end

The algorithm of alternative routing of vehicle
The change of route of vehicle movement occurs periodically de-
pending on the current traffic. Each roadside controller is responsible
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for the selection of a new route within its range. The distortion depends
on the intensity of vehicle movement and the weight of the road. When
an overload vehicle are forwarded to another route to avoid congested
areas. As the base routing algorithm is used to find the shortest route in
time. However, the set of K shortest paths is calculated as alternative
ways in which K can be easily adjusted to adapt better to the behavior
in the network. Of these alternative routes, the only way is selected by
using the probability distribution of Boltzmann.

Algorithm 3 describes the process of alternative routing of the vehi-
cle. The algorithm takes as input a set of vehicles within a radius of com-
munication of each RSU (N). The graph is created with the appropriate
functions described previously (represented in the algorithm as G, and the
variable K, which represents the number of shortest routes that must be
calculated). Thus, the RSU computes the path of each vehicle and its cur-
rent coordinates (lines 4—5). Then, the RSU calculates the destination ve-
hicle V is located within its coverage area (the last part of the vehicle ways
within the RSU). After the detection of the last section of the path within
the RSU, k shortest paths are calculated starting from the current point to
the final vehicle In the path (line 7). From the K shortest past, a new path
is selected based on the probability distribution of Boltzmann (line 8).

Algorithm of alternative routing of vehicles
input: N // a Set of vehicles in range of each RSU

1 G // the Graph is created for each RSU
2 K // Number of alternative ways
3 Forv e Ndo
// sets of edges that make up the route of vehicles V
4 route v.getRoute();

// returns the current coordinates of the vehicle and the distance to
the last segment of the path V, contained in the graph G for a given RSU
5 source < v.getPosition();

6 lastEdge < G.getLastEdge(route);

// calculates K shortest paths from the starting point to the last

point of movement of the vehicle
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alternativeRoutes «— G.getKShortestPaths (source; lastEdge;K);
// select a path from a set of alternative paths

newRoute < boltzmann(alternativeRoutes;G);

if lastEdge! = route.getDestination() then

// returns the remaining part of the route of vehicle V from the

last section

10
11
12
13
14
15
16

17 end

remaningEdges «— route.split(lastEdge);
newRoute.add(remaningEdges);
v.setRoute (newRoute);

end

else

v.setRoute(newRoute);

end

Select the path among K shortest routes is based on the calculation

of weights, defined as the sum of the weights of all segments of the path
included in the route. For load balancing across shortest routes uses a
lot of R, For route determination uses the following rules:

J = set of vehicles on the map

Wj= set of paths of the vehicle j (j&j)

v, = path i of vehicle j (j&/) and (y jeR)

!'=weight of path y |

M(o;) = normalized value of @3 ;€ [0,1]) defined by Equation. 1:

P(y ;)
max{ R (y )|V e W }

M) = ()

The H is the Boltzmann constant of vehicle j for temperature 7,

according to equation 2:

i ~(U(@})/T)
Hi=>e ()

i€R; . i
P} is the probability of choosing path i of vehicle j with the param-

eter of temperature T,
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o I —we
PTJ('Y;):Ee U(0})/T) (3)
where: T'— oo all candidate paths have the same probability of being
chosen, i.e., the process approaches a uniform random distribution. When
T 10, the path with less weight has a high probability of being chosen.
F (Rj) is the path chosen (Fl (RJ. € R/,), the choice is made according
to equation 4:

(F(R) =max{XxQ/(/))| ¥ e R X ~A[01D} (4

After chosing the path, it is checked whether the last segment of the
path the vehicle V is in range of the roadside controller is its ultimate
destination (line 9). If it is not like thet, then this is the last segment of
the path in the area of that RSU (line 10). The remaining stretches of
road are added to the new Vehicle (lines 11-12). However, if the last
segment of the path the vehicle V in the range of the RSU is the ulti-
mate destination, then it is the end of the route (line 15).

Results

This section presents the results of using the proposed system com-
pared to the traditional approach where TC is not automated and does
not interact with RSU, but the system does not have an alternate rout-
ing. In Fig. 1 shows the results obtained by the system. As can be seen
from the figure, the proposed system reduces the effects, caused by
congestion (increased travel time, fuel consumption and emissions O,).
Figure 1 (a) shows that the proposed system reduces the travel time by
23% in comparison with the traditional approach. This confirms the ef-
ficiency of the algorithm of alternative routing. Figure 1(b) shows that
the proposed system reduces fuel consumption by 9% compared to the
traditional approach. This reduction is due to the fact that the proposed
system detects and eliminates congestion by using alternative paths to
avoid congested areas. The proposed mechanism for congestion control
that contributes to more effective and continuous movement that leads
to a reduction in fuel consumption. In addition, it reduces braking and
acceleration, which also contributes to increased fuel consumption.
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Consuming less fuel, less O, is emitted, as we can observe in figure 1
(C). The proposed system introduces a reduction of up to approximately
10% in emissions compared to the traditional approach.
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Figure 2 shows the average travel time when changing the radius
of communication in RSU (2, 4 and 6 km), the path to the shortest (3,
5 and 8) and the frequency of re-routing (180, 360 and 600 seconds).
Figure 2 (a) shows the results of the K shortest paths with a fixed fre-
quency of re-route in 180 seconds and varying the communication
range of RSU from 2; 4 and 6 km. As we can observe, the higher com-
munication range of RSUs, the larger the reduction in travel time. This
is because RSUs have a greater knowledge of the area of the map and
the calculated path is better from the standpoint of the time when cal-
culated for a smaller area of the map. In addition, we can observe that
the number of K shortest paths has an impact on the results obtained
using the proposed system. For varying K, we can note that K =3 has
better performance compared to other values for K, thus , the result will
be reduced to 9% against k = 8 and the reduction to 4% to = 5. Figure
2 (b) shows the results with frequency of re-routing 180; 360 and 600
seconds, and K shortest paths recorded in 3 (higher performance shown
in the comparison figure 2 (a)) and the different range of communica-
tion from RSUs 2; 4 and 6 km. As we can observe, the frequency of
re-routing has a positive effect on reducing the average travel time in
the proposed system. The results show that the more the frequency of
re-routing, the greater the reduction in the average time of passage for
the proposed system. Figure 3 shows the fuel consumption of the pro-
posed system by changing the communication range of RSU in (2, 4
and 6 km), K shortest paths (3, 5 and 8), and the frequency of re-rout-
ing (180; 360 and 600 seconds). Figure 3 (a) shows the results of the
K shortest paths (3; 5 and 8) with the frequency of re-route fixed in
180 seconds and varying the communication range of RSUs from 2, 4
and 6 km. As we can observe, the higher communication range of the
RSU, the greater the reduction in fuel consumption. This is because
the RSU have a greater knowledge of the area maps and design way
better when calculated for the smaller area of the map. In addition, it
is possible to notice that the value of K shortest paths has an impact on
the results obtained using the proposed system. The results show the
difference in the amount of up to 7% for the evaluated configurations.
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Consuming less fuel, the vehicle produces less emissions, which
is shown in figure 3. The proposed system provides a reduction of ap-
proximately 10% of emissions compared to the traditional approach.
Figure 3 (b) shows the results with frequency of rerouting 180, 360
and 600 seconds in the presence of K shortest paths (figure 3 (a)) and
the different range of communication from RSU 2, 4 and 6 km (figure
3(b)). As we can observe, the range of re-routing positively contributes
to reducing fuel consumption in the proposed system. The results show
a difference of up to 4% in relation to the intervals of re-routing from
180 to 600 seconds. The results are presented in figures 2, 3 and 4 show
that the higher the communication range of RSUSs, the larger the reduc-
tion in travel time, fuel consumption and O, emissions. The obtained
results allow to conclude that the smaller the number K shortest paths,
the smaller the effect caused by congestion management. We note that
large values of K also directly affect travel time, fuel consumption and
O, emissions. Another important factor is the frequency of re-routing:
the longer the interval, the more reduced travel time, fuel consump-
tion and O, emissions. In this case, the vehicle does not need to make
unnecessary changes of the path, thereby causing unnecessary braking
and acceleration, because of high frequency of re-routing contributes
to a more efficient and continuous movement, as you can see in figures
2 (b), 3 (b) and 4 (b).
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The results obtained using the proposed system for O, emissions pre-
sented in figure 4, when changing the communication range of RSU (2,4
and 6 km), in the presence of K shortest routes (3,5 and 8) and the frequen-
cy of re-routing (180,360 and 600 seconds). Emissions associated with
fuel consumption are shown in figures 4 (a) and 4 (b) are the result of fuel
consumption. Emissions associated with fuel consumption are shown in
figures 4 (a) and 4 (b) are the result of fuel consumption, graphs of which
are depicted in figures 3 (a) and 3 (b). The results are presented in figures 2,
3 and 4 show that the higher the communication range of RSUs, the larger
the reduction in travel time, fuel consumption and O, emissions.

[-4- k=3 -#- k=5 @~ k=8| |- i- t=180 --¥- t=300 @~ t=600]
275 g= T T T
Ao I :
270k Eee : . G T T Tl .,[. ]
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S 2.60f : 5 ..
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pagl kT CETEE S, 1 B B
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(mcters) radius(mcters)

Fig. 4. Diagram of the results of O, emission

Conclusion

In this work, the algorithms for traffic management in intelligent
transportation system for use in metropolitan areas. The proposed al-
gorithms allow to reduce travel time, fuel consumption and emissions.
The results show that the proposed system can significantly reduce av-
erage travel time, fuel consumption and emissions .

This work is aimed at implementing a distributed intelligent transport
system for detection and control of overloads. For this purpose , RSUs
are distributed throughout the city to provide full coverage of the region.
In addition, each RSU is responsible for managing congestion only in the
area covered by its range. Thus, the vehicle can interact with a number of
shares of the way to reducing the harmful impact of an overload, such as
increased travel time, fuel consumption and O, emissions.
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ANALYTICAL AND SIMULATION PLANNING MODEL
OF URBAN PASSENGER TRANSPORT

Nikolaev A.B., Starikov V.S., Yagudaev G.G.

The article described the structure of the analytical and simu-
lation models to make informed decisions in the planning of urban
passenger transport. Designed UML diagram that describes the
relationship of classes of the proposed model. A description of the
main agents of the model developed in the simulation AnyLogic.
Designed user interface integration with GIS map. Also provides
simulation results that allow concluding about her health and the
possibility of its use in solving planning problems of urban passen-
ger transport.

Keywords: simulation; traffic simulation; AnyLogic, urban pub-
lic transport; passenger transportation, transport route;, transport
system.

1. Introduction

Now there is the problem of the movement of land transport in
megacities. It appears, because there are different factors: different rate
of passenger arrival, non-uniform loading of transport. [1]. Important
tasks are to determine the number of units of rolling stock for passenger
service and analyze the quality of passenger service [2].

To solve these problems, to effectively use tool of analytical and
simulation modeling. In the general case, simulation can solve many
problems: analyze and predict different situations, to adjust charac-
teristics. Any simulation model can make a variety of experiments,
even if it is impossible to realize them in reality [3, 12, 13].

The actuality is that that before the project implementation, analyt-
ical and simulation modeling makes it easier to make decisions in the
planning and management of urban passenger transport [16].
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2. The description of the objects for designing models

In the task of planning urban passenger transport, there are the fol-
lowing objects: passengers, public transport, bus stops, transport fleet
[14]. These objects have the following parameters: the estimated rate
of arrival passengers, the number of transport, seating capacity, the in-
terval of departure of transport. The result of solving the problem of
planning of urban passenger transport by land, defines the routes and
the headways of vehicles. We also consider the beginning and end time
of traffic on a specified route, the actual number of available transport
mean in the fleet. In addition, we consider the duration of the transport,
which returned to the transport fleet after the working shift.

There is a sequence of bus stops for a specific route. The route has
two directions: forward and reverse. The transport mean leaves from
the fleet at regular intervals of time. It makes boarding and alighting
of passengers at each bus stop. The rate of arrival passengers at bus
stop depends on the time of day. All passengers out of the transport at
bus stop before it moves to the fleet. Then transport mean going to the
fleet without passenger.

3. UML diagram project

Park

+ CountOfTransport : integer
+ IntervalRelease : float

+ park |1
cooperates

+transport |+ follows + route
Transport " ] Route
+ CountOfSeats : integer + BackRouteBusStop : <no type>
+ PointOfArrivalAndDepature - <no type>
0.1 1
15 in X contains
+ passenger |* + busStation |*
Passenger Station
+ Destination : <no type> + passenger
1

services

Fig. 1. UML Diagram
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We should to represent each object in a visual form. The most con-
venient and illustrative tool is view class diagrams (UML diagrams)
[4-6].

In the following, a description of the function of each class show
in Table 1.

Table 1.
Class description
Class name Summary
It simulates transport departure from the fleet and his arrival to him.
Park Interval departure means the period of time, when transport leaves
the park and begins work.

It is moving on the specified route. Transport serves passengers at

Transport . C
P bus stops: boarding and alighting.
Route There is a sequence of stopping points
It simulates awaiting the arrival of transport, boarding and alight-
Passenger | .
ing from it.
. It is mean bus stop. Tthis is the arrival of passengers, arrival and
Station

departure of transport.

Figure 1 shows the class diagram. There is a connection between
classes.

4. Implementation Analytical and Simulation Model

We use the software AnyLogic 7 to implement this task. AnyLogic
is Multimethod Simulation Software, which supports many ways to
create simulation models [7-8]:

» Discrete Event Simulation Modeling

* System Dynamic Simulation

» Agent Based Modeling.

This tool allows combining different methods.

In our case, we consider two methods to simulation: Agent Based
Modeling and Discrete Event Simulation Modeling.

This model consists of different types of agents. We list them:

1. Park.

2. Passenger.
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3. Station. (It is mean bus stop).

4. Transport.

Each type of agent to do various functions. In addition to this model
is the main module, which performs the simulation.

The Figure 2 shows the types of agents, implemented in the Any-
Logic.

> € Main

> € Park

» @ Passenger
» @ Station

» @ Transport

Fig. 2. Implemented agents

This article describes the types of agents that have peculiar proper-
ties for implementation [9-10].

4.1. Agent “Park”
The Figure 3 shows the elements that simulate the following
processes: seize of resource and departure from the fleet, arrival to the
fleet and release of resource. In this case, the resource is a transport.

sourceT seize exit enter release sink
resourcePool

Fig. 3. Elements for modeling work in the fleet
4.2. Agent “Station”

This type agent allows simulating bus stop. It can simulate the
arrival of passengers to the waiting place. In addition, bus stop allows
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simulating the arrival of transport, the boarding and alighting of
passengers.

There are also elements that simulate the various processes: arrival
waiting passengers to the point, the arrival transport to the point, the
boarding and alighting of passengers, departure passengers from point,
the output of the transport from the point.

The Figure 4 shows the diagram elements.

4.3. Agent “Transport”

This type of agent simulates the traffic. He departures from the
fleet and arrives to him, arrives at a bus stop and departure from it,
makes boarding and alighting of passengers [17—19].

To simulate a composite process [20], we have developed the state
diagram. The Figure 5 shows the state diagram.

The leftis a diagram of the states of the operating mode of transport.
The initial state is “work”™. It is a normal operating mode. When the
working time comes to end, it goes into the state “goingToPark”. This
condition means that the transport should be follow to the park at the
end of work.

On the right is a diagram of transport operation states. First, there
are preparatory stages. After that, the cycle of actions begins. They
are movements (go) and stops (stop). The cycle will continue until the
transport will not follow the park (goToPark) after the stop.

enterStation dropoff selectOutputP pickup delay exitStation

»>- %sink T:Iropofﬂeﬂ ind
Q g

LqueueTransfer queue
source queueWait /

Fig. 4. Diagram elements for simulation of processes at bus stops
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T stateWork T stateTransport

prepare

. . g transitionl
transitionTime

goingToPark

.-

B transition2

et
: = transition3
transitionP

goToPark

B transitionF

é finalState

Fig. 5. State charts

4.4. The implementation of the main model module
The main module of the analytical-simulation model includes a set
of objects. The main element that plays a big role is the GIS map. The
Figure 6 shows an example of a GIS map. Many objects are associated
with it: more information is available with its help. The main module
performs general analytical and simulation modeling. With the GIS-
map [15], we can observe visual animation modeling — the operation
process of transport, the location of the bus stop and the fleet.

Fig. 6. GIS-map
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5. Developing a user interface model
After the development of the entire model, a user interface has
been designed (Figure 7). Interface type is “Experiment”. The initial
data are the route, the rate of arrival of passengers, the coordinates of
the fleet and the coordinates of the bus stops of the route, the number
of transport means in the park, the working time, passenger capacity
and the interval of departure from the park [11].

Simulating
Start time (hour): 5 The number

of transport
End time (hour): 23 in the fleet: j
The time interval between Number of seats
outputs of transport transport: 100
from the fleet (per minute): 5.0

Fig. 7. Interface “Experiment”

The Figure 8 shows the results of visualizing the route on the GIS
map. It shows the traffic along the specified route and various buses stop.

Fig. 8. Visualization of the route on the GIS-map

6. Simulation results
The developed model can to get various results. The Figure 9
shows the column diagrams of the number of waiting passengers at
the buses stop at time.
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The Figure 10 shows the time plot of waiting passengers at the
bus stop.

The Figure 11 shows the time plot of the number of filled seats in
the transport mean.
Based on the analysis of the graphs presented in Figures 10-11, it

can be assumed that for this route system is not overloaded, the traffic
flow copes.

Number of waiting passengers at public transport stops

Forward direction Reverse direction

m1:3 212 m3i2 4:3 5:4 61 74 m15:4 m16:2 172 m18:5 m19:3 m20:3 m21:3
mB:2 9:2 10:4 w110 m12:2 m13:1 14:1 m22:6 m23:6 24:3 25:2 m26:1 m27: 4 28: 2

Fig. 9. The column diagrams

The time plot of the number of waiting passengers
at public transport stops

Forward direction

6:10:00 6:20:00 6:30:00 6:40:00 6:50:00 7:00:00

Selected public transport stop: 1
Maximum value: 20

Fig. 10. Time plot of waiting passengers at the bus stop
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The time plot of the nhumber
of passengers in the transport

20
st
209
L [

Fi10:00 Fi20:00 #3000 Zi40:00 7ie0:00 2:00:00

Selected transport:

Maximum value:

Fig. 11. The time plot of the number of filled seats in the transport mean

We selectively analyze the detailed result of the simulation, i.e.
during the whole simulation.

The Figure 12 is a simulated plot of the number of passengers in the
transport during the whole simulation. Model time is given in hours.

The number of passengers in the transport

40

14 16 18 20 22 23
Selected transport: 3 Selected hour:
= -

Fig. 12. Simulated plot of the number of passengers in the transport
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Based on the figure 12, we can assume that the capacity of the
transport is sufficient. The transport system copes even in peak loads.

For the analysis of the average rate arrival of passengers Figures
13-14 show plots of waiting passengers at the buses stop. One of them
in two directions is randomly selected.

The time plot of the number of waiting passengers
at public transport stops

Forward direction
16

1ot

124

o @

P ]

[N
——

5.017 6 8 10 12 14 16 18 20 22 23

Selected public
transport stop: 6 Selected hour:

=] [+ - [ ] [romme |

Fig. 13. Simulated plot of waiting passengers at the bus stop (forward direction)

The time plot of the number of waiting passengers
at public transport stops

Reverse direction

M

16 18 20 22 23

Selected public
transport stop: 20 Selected hour:

< + - + Total time

Fig. 14. Simulated plot of waiting passengers at the bus stop (reverse direction)
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Based on the result, it can be concluded that the transport has time
to discuss passengers. The time interval in this case is acceptable.

The Figure 15 summarizes the results of simulated plots. It shows
the average simulation result for the whole work.

The time plot of the number of waiting passengers
at public transport stops

5 6 8 10 12 14 16 18 20 22 23

The time plot of the number
of passengers in the transport

S 6 8 10 12 14 16 18 20 22 23

Fig. 15. General simulated plots

The simulation results for this route is seen that the plots are highly
correlated with each other.

5. Conclusions
The article proposed and studied a model of surface passenger trans-
port. It can be applied in research organisations, dealing with transport
problems. Because of design, it is possible to solve some problems of
traffic flow. Application AnyLogic 7 provides simulation modelling
with GIS maps and get the necessary results.
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