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[NepMcKknin HaUMoHasbHbIN NCCeLoBaTeNbCKUA MONIMTEXHUYECKUA YHUBEPCUTET

ONTUMU3ALIUA LINKNA PABOTbl CBETO®OPA
HA PEYNIUPYEMOM NEPEKPECTKE

MozenpoBaHue U ONTUMAIbHOE IUIAHUPOBAaHKUE JOPOKHOHI CeTH — OJJHA U3 aKTyallbHBIX 3a/1a4,
NPUBJIECKAIOINX BHUMaHHE OOJIBLIOrO YHCIa MCCIIeNoBaTeNel Kak B Halled cTpaHe, Tak M 3a pyoOe-
JKOM, HauuHasA ¢ cepeaunbl XX B. U 10 CETOJHSAIIHErO JHA.

HenpepriBHBIH pocT yuciaa aBTOMOOWICH NPUBOAMT K CHW)KEHHIO MPOIYCKHOW CHOCOOHOCTH
TPAaHCHOPTHOH CETH, MOBHIIICHHIO 3aTPy3KH J0POT, 00pPa30BaHHUIO TPAHCIOPTHBIX 3aTopoB. [lepexpe-
CTKH SBILIIOTCS HamOonee NpoOieMHBIME ydacTKkaMH. COBEpIICHCTBOBAHHE METONOB pacuera
CPEICTB OpraHM3alMM JABWKEHUs, OIpeleeHHe ONTHMAIbHBIX IMapamMeTpoB (YHKIMOHUPOBAHUS
pEryJIMpyeMbIX CBETO(GOPOM MEPEKPECTKOB MOXKET YIyUIIUTh pabOTy TPAHCIIOPTHOM CETH, ITOBBICUTH
MPOMYCKHYIO CIIOCOOHOCTh MEPEKPECTKOB.

B pabote npezcTaBieHo pemeHne 3a1auy ONTHMU3ANH BpeMEHN pabOoThI pa3pelaronero CHrHana
cBero(hopa Ha PEryITUPyEeMOM HEPEKPECTKE C 3aTaHHBIMK 3HAUYCHISIMU TIOTOKOB aBTOMOOMIIEH B KaXJOM
U3 HampasieHHH. B kadecTBe neneBoit GyHKIMY BEIOpaHO CyMMapHOE BpeMst OXKHIAHHS [UIS BCEX MaIIIH
Ka)X/I0r0 U3 HAIpaBJICHUI HcciexyeMoro nepekpectka. Ilapamerpamu ontuMH3aluy BBICTYHANOT JUIU-
TEJIBHOCTH Pa3peLIaroIIero curuana ceeropopa. B kauecTBe orpaHnMdeHuil B 3a/iaue ONTHMHU3ALUU HC-
TMOJIb3YIOTCS MAKCUMAaNbHas ¥ MHHUMAJIbHAS JUTUTETBHOCTU PAa3pEIAIOIIETO U 3aMPEIAONIEro CUTHAJIOB.
Jl1st moncka ycIoBHOIO AKCTpPEMyMa UCTIONb30BaH METO/ MHOXkuUTeNel Jlarpamka, No3BOJISIOMINI HAlTH
TOYHOE PEIICHUE 3a/[a4H, HE ABJIAIOLIEECCS 1IEIOUUCICHHBIM. JIIs IOMCKA 1IeJI0UUCIICHHOTO PEILCHHs IIPH-
MEHEH YUCIIEHHBII MeTo[ Ipamoro noucka. Ilockonbky mocrapieHHas 3a7a4a OTHOCUTCS K LIEJIOYHCIICH-
HOMY IPOTrPaMMHUPOBAHHIO PH HAJIMYHMH OTPaHHYCHHI, BBITIONHEH I1epebop TOUeK JIOIMyCTUMON 00J1acTH ¢
HENBIMU 3HAUYEHHAMH MEPEMEHHBIX, OMIMKAMIINX K TOUKE ONTHMyMa, U CPEIM HHX OINpeJeeHa To4Ka ¢
HaUMEHBIINM 3HAUYeHHEM IiesieBoi (yHKmy. CpaBHEHHE YHCICHHOTO M TOYHOTO PEIIeHHH ONTHMU3AIH-
OHHO}¥ 33/1a4M MTOKA3aJI0 Y I0BJIE€TBOPHTENBHYIO OII30CTh IOy IEeHHBIX PE3yIIbTaTOB.

KnrodeBble ci10Ba: peryiaupyeMslil epeKpecToK, MUK paboTsl cBeTO(opa, ONTHMH3ALMS, IIe-
neBasi QYHKIMsI, OTPaHUUCHUSL.

HenpeppiBHBII poCT ymciaa aBTOMOOWMICH MPUBOAUT K CHIDKEHUIO TIPOITYCK-
HOI CIIOCOOHOCTH TPAHCIIOPTHOM CETH, MOBBIIIEHHIO 3arpy3KH J0pOT, 00pa3oBa-
HHIO TPAHCHOPTHBIX 3aTOpoB. CaMbIMU MPOOIEMHBIMH SIBISIIOTCS YYaCTKH Tepe-
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CEUYEHUsI IOPOT, TOATOMY LIeJTb IAHHOW paboThI — ONpeeeHne ONTUMATBHBIX Ma-
paMeTpoB (PYHKIMOHUPOBAHHS PETyJIHPYEMBIX MEPEKPECTKOB. AKTYaJbHOCTb
ATOW TEeMbI TMOJTBEPXKIAETCS HATMYMEM MHOXecTBa uccienoBanuii [1-9], pac-
CMaTPHBAIOIINX 33/1a4y ONTUMH3AIMU PabOThI cBETO(Opa C Pa3IUIHBIX MO3UIHI
Y UCTIOJIB3YIOIIHX ISl €€ PeIIeHUs Pa3HOOOPa3HbIE MOAXO/IBL.

B pa6ote [10] paccMarpuBaeTcss IPUMEHUMOCTh CUMILIICKC-METOIOB IS
peleHust TpaHCopTHOU 3aiayn. OCHOBOH ISl BRIYUCIICHUN B TaHHOH pabote
MOCTYXHUJIO CPEHEe YHCIO aBTOMOOMIICH, HAKOMMBIIMXCS Ha MEPEKPECTKE 3a
OTIpeIeIeHHBIN Nepro]] BPEMEHH, a CpelHUe 3HAUCHHs JJIMHBI O4epenu U 3a-
JIEPKKH SBISIOTCS 1okazaTensimu dddexkruBHoctu. B padore [11] npennaraer-
Csl MCIIOJIb30BAHNE TEHETUYECKOTO aJrOpuTMa JJIsi pacueTa ONTUMAIBHOTO pe-
)kuMma paboTel cBeTodopa. ABTOpHI paboThl [12] HCIONB3YIOT TEOPHIO MacCo-
BOr0 OOCITYy)KMBaHUS Ul ONMUCAHUSA PAaOOTHI MEPEKPECTKOB, JJISI YTOYHEHUS
MaTeMaTHYECKOW MOJEIH MPUMEHSIOT KOMIBIOTEPHYIO MPOrpaMMy HMHUTAIIU-
OHHOTO MojearpoBaHus. OnTUMaNbHBIE TApaMETPBl LUK paboTHI cBETOhOpa
BBIOMPAIOTCS TIOCJIE MHOTOKPATHOTO HCIIOJIb30BAaHHUS MOJAETH C Pa3IHYHBIMU
3HAYCHHUSIMHU BXOJIHBIX MapaMeTpoB. ABTOPHI MeTOAMKH [13] mpu onTUMU3auu
paboTel cBeToopa B KAuecTBE LENEBON (YHKUIUH HCIOIB3YIOT MaKCUMYyM
CYMMapHOW MHTEHCHBHOCTH IBIDKEHHS aBTOMOOWIIEH B pailoHEe ymnpaBieHUS.
B crarbe [14] paccmarpuBaeTrcst 3afada CO3JAHHS HHTEJUICKTYAJIbHOW CETH
«yMHBIX cBeTOo(hopoB». OCHOBHON MHTEPEC 3/1€Ch MPEACTABISIECT aBTOHOMHOCTh
paboter cucrembl. Coco0 alanTUBHOTO YIPABICHUS JTOPOXKHOW CETBIO pac-
cMmarpuBaercs B padote [15]. JlaHHBIN MOAX0] OCHOBaH Ha OBICTPOW peakuuu
cBeTO(OPOB Ha NMPOTHO3 MOBEACHUS TOTOKA aBTOMOOMIIEH Ha MEPEKPECTKeE.

Ilocmanoeka 3adauu. Ilpennonaraercs, 94To Ha PaCCMATPHUBAEMOM pery-
JUPYEMOM TIEPEKPECTKE MHTEHCUBHOCTH MOTOKOB aBTOMOOUIIBHOTO TPAaHCIIOP-
Ta B KaXJOM HaIlpaBJIEHUU WU3BECTHBI. Tpedyercss ompenesnTh ONTUMAaIbHYIO
JUINTENTFHOCTH Pa3pelIaoniero CUrHana cBeToopa B KaxI0M U3 HallpaBJICHHUH.

B kauectBe neneBoit GyHKIIMU BEIOpAaH MUHUMYM BPEMEHHU OKUTAHUS JIJIs
BCEX MAIIMH, KOTOpblE HaXOAATCA Ha HcciaeayeMoM mnepekpecTke. O4eBHUIIHO,
JUTS KaXKI0TO TIEPEKPecTKa CyIIeCTBYET Ipees MPOITyCKHON CIIOCOOHOCTH, TO-
TOMY BBOAMTCSA OrpaHUYeHHEe M Ha CyMMapHOE€ KOJMYECTBO aBTOMOOMIIEH,
MPOE3KAIOIINX Yepe3 NepeKpPecTOK 3a OJUH UK padoTel cBeTodopa. Orpanu-
YeHHs] HeOOXOJMMO HAJIOKHUTh TakKe€ HAa MAKCHUMaJbHYI0 M MHHUMAJIbHYIO
JUITENTIFHOCTH KaXKJOW (a3pl nukia pabotel ceerodopa. HikHss rpanuna
JIOJDKHA 00ECTIeYHUTh MPOe3/1 Yepe3 MePEeKPeCcTOK OMPEaeIEHHOIO MHHUMAIIbHO-
ro KOJMYeCTBa MalMH. BepxHss TpaHHIa pa3peliaroliero CUrHajga MOXKET
NpPEACTaBIATh COOOW BpeMs, KOTOpOE HEOOXOJUMO TMOTOKY C MaKCHUMAalbHOMN
WHTEHCUBHOCTBIO ISl IEpeCceYeHUS MEPEKPecTKa.
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Jnst popMyIMpPOBKY 33/1a4M PUHUMALTCS, YTO ¢ — CPEIHSISI HHTEHCUBHOCTD
TIOTOKA aBTOMOOMIIEH, ¢ '; T — HaHGOJIbIIIee BOSMOYKHOE BPEMsI OXKH/TAHHS aBTOMO-
OWJIsl Ha TIEPEKPECTKe, WK JUTUTEIBHOCTh 3alpelatoNiero CUrHana cBerodopa, c;
At — cpenHee BpeMsi 10 TIOABE3/1a OUepEeTHON MAIIUHBI K TIEPEKPECTKY, C; /M — KO-
JIMYECTBO MAIIHMH, KOTOPhIE MOTYT CKOIHUTKLCS Mepesl cBeTo(hopoM Ha paccMarpu-
BAaeMOM N0JI0CE B 0’KUIAHUHU Pa3pELIAIOIIEro CUrHala cBeTodopa:

q=1/Ar, (1)
m=1/At=qr. (2)

CymmapHoe BpeMsi OKUIaHMS JJIsl 71 MaIlliH OJHOTO HampaBiieHus (IOTo-
Ka) OIpEeEseTCs BBIPAKEHUEM

T = (5 80+ (=280) .t (e (m- 1)) -

3
= mr—At[1+2+...+(m—-1)]. ®

VYuuThIBasi B MOJyYEHHOM BBIPQ)KEHHH 3HAUEHHE CYMMBI ClaraeMbIX apud-
METHUYECKOU MPOTPECcCHH, MPeAbIAyILyIo GopMyity (3) MOXKHO 3alucaTh B BUE

T=mr—At%(m—l) )
i, B cooTBeTcTBHH C (1) 1 (2),

T =gt —%(qt—l):%(cﬁ%l). 5)

CYMMapHOC BpEMsI OXXHUJAHUA Ha IIEPEKPECTKE 3a MEpUon T, + Ty, A

MOTOKOB BCEX HAIIPABJIEHUH C YYETOM TOTO, YTO OJIMH U TOT K€ CUTHAJI SBJISET-
Cs1 pa3pelLIarolUM Ul OJJTHOI'O HANlpaBJIEHHs U 3alpeIlaroiuM AJIs IpyTroro,

T; (1125‘534) :k[(% +q4)T12 +1]+Ti (% +%)T34 +1]; (6)
2 2

TAe q1, 42, 43, g4 — UHTEHCUBHOCTH 1, 2, 3 1 4-r0 MOTOKA HAa MEPEKPECTKE; T2,
T34 — JUIMTEIBHOCTH Pa3pellaloIuX CUTHAJIOB CBeTO(opa ISl COOTBETCTBYIO-
mux HanpapieHu 1-2 u 3-4 (pUCyHOK), SIBISIOMUECS MapaMeTpaMu ONTHMH-
3alMy B paccMaTpUBaeMou 3aaaye.

Bripaxkenue (6) BbIOpaHO B KauecTBe 11€J€BOM (YHKIIMH B paccMaTpuBae-
MOH 3aa4e U MOAJIC)KUT MUHUMH3AIINH,

T; (1,5, 75, ) — min. (7
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Puc. Cxema perynupyemMoro nepekpecrtka

B kadecTBe epBOro OrpaHUYEHHsI UCIIOJIB3YETCS CyMMapHOE KOJINYECTBO
MallliH, IPOE3KAIOLINX TEPEKPECTOK 3a MOIHBIN UK paboTkl cBeTO(Opa,

(g +a,+a5+q,) (1, + 15, ) <M, (8)
riae M — MakcuMabHOE YHCIIO MAIIWH, KOTOPBIE TIEPECEKYT MEPEKPECTOK B Te-

YeHHE BPEMEHH T,, + Ty, pabOTHI pa3pelaoero curuana ceerodopa. ¥ 106H0

HEepaBeHCTBO (8) mpeoOpazoBaTh K BUAY

M
T, + Ty < = T - (€))

9,+t9,+9;tq, "

HOHOHHHTCHBHO YCTaHaBJII/IBaeTCSI Ol“paHI/IIleHI/Ie
Ty + T3y 2 T (10)

Ha MUHMMAJIBHYIO CYMMAapHYIO IPOJOJIKUTEIBHOCTh Pa3pellaloluX CUTHAIOB
B 000UX HaNpaBJIEHUSAX BEJIMYMHON T, . .

3anaya HENMMHEWHOTO MPOrPaMMHUPOBAHUS TSI ONTUMH3ALUH KA pabo-
Thl cBeTO(Opa GOpPMYIHpYeTCs CIAEAYIOIUM 00pa3oM: ONpeAeNuTb AJIUTEINb-
HOCTb KaXK10H (a3bl mHKiIa, 00ecreunBaronyl0 MUHUMYM LENeBON (YHKIIUH
(6), mpu orpannvenusx (9) u (10).

Memoouka pewienus 3a0ayu. lleneBas ¢ynkuus (6) sBsieTCsl KBaIpaTHy-
HOI OTHOCHTENBHO TapaMeTpoB ONTHMH3AIMH. HeoOXoaumble yCIIoBUs SKCTpe-
Myma ueneBoil pyuxuun 07y /0t,, =0 u 0T, /Ot,, = 0 NPUBOAAT K PELEHNAIO

1 1
- = 1
2g;+q,) " 2(q,+q,) (4

T =~
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T.€. MUHUMYM IIeJIeBOH (DYHKIMH JIGKHUT B 00JaCTH OTPHUIIATENBHBIX 3HAYCHUN
IEPEMEHHBIX T, U T,,, YTO HapymaeT orpanuuenue (10) u npoTuBopeunr co-
nepxanuio 3anaun. CresoBaTenabHO, IS OTHICKAHHUS ONTHMAJIBHBIX JUTHTENb-
HOCTel palOoThl pa3pelIaloIUX CHUTHAJIOB TpeOyeTcs HCCIEeN0BAaTh TPAaHUIIBI
00J1aCTH OMTyCTUMBIX 3HAYEHUI ITepeMEHHBIX.

Jns pemieHuss 3agadyd Ha YCJIOBHBIM 3KCTPEMYM MCIOJIB3YETCS METO]
MHOxutene Jlarpamxka [16]. LleneBas ¢(yHkuus 3ammceiBaeTcs B (dopme
¢bynkun Jlarpamka:

L :TZ(1,'12,T34)+7L1(1:12 +T,,—1T +u12)+7u2(rlz + Ty~ T +u22), (12)

max

e A M Ay — MHONHTenu Jlarpanska; ., u, — BCTIOMOTaTeJbHBIE MEpPEMEH-
ubie. TpeGoBaHUEe BBHINONHEHNS HEOOXOIMMBIX YCIOBUH DKCTpeMyMa (DyHKIIUH
Jlarpansxa NpUBOIUT K CUCTEME HEIMHEMHBIX alreOpanyeCcKuX ypaBHEHHUI:
(g5 +¢,)+ 0,5+, +2, =0,
Ty (g, +¢,)+0,5+A, +4, =0,
2
T+ Tay = Ty T4 =0, (13)
2 _
T T T3 = Thax — Uy = 0 s
uh, =0, u,h,=0.

Pemenne 3To#l cucTeMbl ypaBHEHWN TO3BOJMIO OMPEEIUTh 3HAYCHUS
napaMeTpoB ONTHUMM3AIMHA — JIUTEIFHOCTA Pa3pelIaloinX CUTHAJIOB CBETO-
dopa T, U T34 VI KOKIOTO HATIPABIICHHUS:

Ty =T (40 + ) /(4 + 0, + 45+ 4, ), (14)

T34 = Tiin — T2 (15)

mi

JIOCTaBJISIONINE MUHUMYM LiejeBoi (pyHkiuu Jlarpamxka (6).

[Tony4yeHHoe pernieHHe HE SBISIETCS IENOYHCICHHBIM B CHIY MPOH3BOJIb-
HOCTH TPAHCIIOPTHBIX MOTOKOB, TOTJIa KaK JUIUTEIBHOCTh CUTHaJa cBeTodopa
1enecoo0pa3Ho OMpeeNaTh LEIbIM YUCIOM CeKyHI. s ompeseneHus 1eno-
YHUCJIEHHBIX 3HAYEHUH T,, U T,,, C YU€TOM HEOOJBILONH pa3sMEPHOCTH 3aJayuH

U JIOCTATOYHO Y3KOTO HMHTEpBaJia M3MCHEHUS MapaMeTPOB ONTHMU3AIMH, BbI-
HOJIHSCTCSL TPOBEPKA BCEX IIEIOYUCICHHBIX 3HAUCHUH, MPUHAIICKAIINX Ipa-
HUIIAM 00JacTH Wi OMMKAWIUX K HUM, C TMOCIEAYIONUM OTOOpPOM TOUYEK
C Y4E€TOM 3HAYCHUS KPUTEPUS ONTHUMHU3AIIH.

Pesynomamot uucnennozo kcnepumenma. J{is peanuzanid BbIYHCIIH-
TCJIBHOI'O JKCIECPHUMCHTA HCIIOJIb30BAdHA KOMIIBIOTECpHAd HMUTAlIMOHHAA MO-
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nienb, paspaboTtanHas aBropamu [17, 18]. B kadyecTBe MCXOMHBIX JAHHBIX BBI-
OpaHbl cienyroe WHTEHCUBHOCTH MOTOKOB: ¢; = 689/3600, ¢, = 830/3600,
q; = 1215/3600, g4 = 1155/3600, ¢l Bepxusis rpaHuiia JIUTEILHOCTH ITUKIIA
(9) onpenenena BenuuuHod T, =90 c; HwkHAA rpanuna (10) ompeneneHa

3Hayenuem T, =15 c.

B xo0/€ BBMHCINTEIHLHOTO SKCIIEPUMEHTA BBITIOJIHEH MOWCK OJMKaNHTIINX
K TPaHUIIE TETOYUCIICHHBIX 3HAYCHUH, YIOBIETBOPSIONINX YCIOBHM 3a/adH,
TP STOM TIOJTyUEHBI CIEIYIOIINE PE3yIbTaThI:

® IS HampaBlieHWH | ¥ 2 IMTETHLHOCTD Ti; pa3pelIaonero Curaaia co-
craBuia 15 c;

e I HampasicHWd 3 U 4 BpeMs pabOThl T34 pa3pelIaroero CHrHaia
cBerodopa paBHO 36 c;

e 3HaueHHe 1eNeBoil pynkuuu Ty coctaBuio 398,5 c.

Pemenwue, nomyueHHOE METOAOM MHOXHUTeNEH Jlarpamka mpu Tex ke uc-
XOJHBIX JaHHBIX, IMEET CIEAYIOIIUEe 3HAYCHHS MapaMeTpoB, KOTOPHIE HE SIB-
JISTIOTCST LIEJIOYHNCIIEHHBIMMU:

T12=19,53 ¢, 134 = 30,47 ¢, Tz = 385,44 c.

CpaBHeHI/Ie PE3YIbTATOB YUCJICHHOI'O SKCIICPUMCHTA C TOYHBIM PCHICHUCM
MO3BOJIICT CHACHIATh CJICAYIOHNIME BBIBOJbI: YHUCIICHHBIC PC3YyJIbTATbI ONM3KH
K TOYHOMY PCUIICHUIO, a HpeIUIO)KCHHHﬁ AJITOPUTM PCHICHUS 3alavu [ECJIOYUC-
JICHHOI'O IMpOorpaMMHupOBaHus JJIA MOCTaBICHHOM 3aJa4u ABJICTCA JOCTAaTOYHO
TOYHBIM, DKOHOMHWYHBIM H y,Z[OGH]'::IM B HCIIOJIb30BaHUU.
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Iomnyueno 19.07.2017

M. Boyarshinov, |. Boyarshinova,
l. Potapova, T. Ismagilov

OPTIMIZATION OF A TRAFFIC LIGHT WORKING CYCLE AT
A CONTROLLED INTERSECTION

Modeling and optimal planning of the road network is one of the urgent tasks that attract the
attention of a large number of researchers both in our country and abroad, since the mid-twentieth
century to the present day.

Improvement of methods of calculation of means of traffic management, determining the
optimal parameters of functioning of a traffic light controlled intersections can improve the
performance of the transport network, to increase the throughput of intersections. This paper
presents are search on enhancing of functioning of a controlled intersection and solving an
optimization problem of a traffic light working cycle. The minimization function was chosen as the
total waiting time of all vehicles from all directions of the observed intersection. The control
parameters were selected to be durations of green signals of the traffic light at the observed
intersection. The constraint was set as the total number of vehicles passing through the intersection
within one full cycle of the traffic light. Constraints were also set for minimum and maximum
duration of each green signal phase. Preliminary research of the target function for an
unconditional extremum has shown that it lies beyond the permissible values range. Consequently,
the solution must lie on the range boundary.
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One of the proposed approaches utilized Lagrange Multipliers method which allowed to obtain
an exact solution. Since the problem can be classified as an integer programming problem with
constraints, the second proposed method was direct search for all points in the permissible area having
integer values of variables near the boundary, then searching for the point with the minimum value of the
target function. Target of the numerical experiment was a controlled intersection with three lanes in
every direction. Source data for the numerical solution were obtained with help of a computer
imitational model. Proposed solving algorithm for a numerical programming problem is sufficiently
precise — which was confirmed by checking the result against the one obtained with a Lagrange
multiplier method, — economical and easy to use.

Keywords: controlled intersection, traffic light working cycle, optimization, target function,
constraints.
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