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Signalized Intersections

Pedepar/aHoTanis:

1. JIutBuHeHko M.I. Mogei Ta iHTeseKTyanbHi iHpopMaliiiHi TeXHOJIOTI NiIBAIIEeHHS e(PEeKTUBHOCTI KepyBaHHS
TPaHCIIOPTHUMU NTOTOKaMH CBiTI0(pOpHOro nepexpectsi. — KsamiikauiliHa HayKoBa Ipallst Ha IPaBax PyKOIUCY.
Juceprauis Ha 31100y TTsI HAYKOBOTO CTyIeHs fokTopa (pinocodii 3a crenianbHicTio 122 Komm'ioTepHi Hayku —
XapKiBCbKMN HalliOHAJIbHNY YHIBEPCUTET PafioeIeKTPOHIKM, MiHICTEPCTBO OCBITH i HayKM YKpaiHu, XapKis, 2026.
AKTyasbHICTb JOCJIiIKE€HHS 3yMOBJIEHa OOMEXEHICTIO HAassBHUX MOJIEJIEN iHTeJIEKTYaIbHOTO IPUMHSTTS PillleHb y
IIPOCTOPOBO-TEMIIOPAJILHO [I€Tai30BaHOMY CBIiTJI0()OPHOMY KE€PYBaHHi Pi3HOPiZHMMU TPAaHCIIOPTHUMU IOTOKaMH
NIEPEXPECTS, [I€ HEBiJl€EMHUM € MMUTaHHS 0OPOOJIEHHS] HEBU3HAYEHOCTH CIIPUIHATTS Ta BUPIIyBaHHS, IO BILJIMBAE
Ha €(PEKTHUBHICTb BUKOPUCTAHHS OOMEXEHUX ITPOCTOPOBUX PECYPCIB MiCBKUX TPAHCIIOPTHUX CUCTEM 32
MYJIPTUMOJIATIBHOTO 11,/a60 aCUMETPUYHOTO NONUTY. MeTo0 AUCepTaLiiiHOi pOOOTH € NifBUIIEeHHS €(PeKTUBHOCTU

KepyBaHHS TPAaHCIIOPTHMMH IIOTOKAMU CBIiTJI0(DOPHOr0 IEpexpecTsl LIJISIXOM PO3POOKH Moiesel Ta



iHTeJIeKTyalIbHUX iHPOPMAaLiTHUX TEXHOJIOTIN, 10 NanyTh MOKJIMBICTD OTPMMAHHS 11 iHTErpallii 4aCoOBUX CTpaTerii
BUKOPHMCTAHHS TPOCTOPOBUX PECYPCIB MEPEXPECTD PI3HUMU BUJIAMU TPAHCIIOPTY HE3aJIEXKHO Bifl TOMOJIOTI camMux
IIePEeXPECTb i YaCOBUX XaPaKTEPUCTUK TPAHCIIOPTHUX MOTOKIB. O6'€KTOM JOCIIiJKEHHS € IIPOLIeC KEPYBaHHS
TPaHCIIOPTHUMHU [IOTOKaMHU CBIiT/I0(pOpHOro nepexpects. [IpeamMeTom IOCiI>)KeHHs € MOJieli 11 iHTeIeKTyaslbHi
iHndopmaliiiHi TexHosorii NigBUIeHHS e(PEKTUBHOCTYA KEPYBAHHSI TPAHCIIOPTHUMHU IOTOKAMU CBIiTJI0()OPHOTO
nepexpectsl.. HaykoBa HOBM3Ha OTPUMaHUX PE3YJIbTATiB I0JISITa€ B TaKOMY: 1. YIiepie 3arrporioHOBaHO
KOHLIENTyaJIbHy MOJieJb (PYHKI[IOHYBaHHS CBITJI0(OPHOrO Nepexpectsi, GopMasi3oBaHy sK JeleHTpasli30BaHUN
JaCTKOBO CIIOCTEPEKyBAaHMI MapKOBCHKUI MTPOLIEC BUPIIIYBaHHS 3 BUKOPUCTAHHSAM PO3MINPEHOro 6e311epepBHOro
IIPOCTOPY CIIOCTEPEKEHHS! 171 3aMiHM SIBHOI KOMYHiKallii i BUKOpUCTaHHSIM IPUMITUBHUX Iili, 110 3a6e3nevye
0ieKTUBHY BiJI[IOBiAHICTb 3 PO3TATHYTUMH B YacCi BUBHAUEHHSIMHU [Iii1, 3 YOTO BUIJIMBAE CYMiCHICTb 3 aBBTOHOMHUM
HaBYaHHSIM Ha OCHOBI JJaHUX, 3i0paHMX HasSsBHUMU LIEHTPaJi30BaHUMU MOJIEJSIMU, TOH] SIK AelLleHTpasi3oBaHa
CTPYKTYypa 3ajadi 3abe3rneydye TEOPETUYHY OCHOBY 1151 KOH(Irypaliil reTepOreHHUX areHTiB i IepeJaBaHHs
CTpaTeriil MiX TOIOJIOTIIMY NTEPEXPECTD. 2. YIIEPIIE 3alIPOIIOHOBAHO MOJIEJb BUPIIIyBaHH 11010 TPUBAJIIOCTU
CBITJIOPOPHUX CUTHAJIIB HA OCHOBI MYJIbTUAar€HTHOIO IJIMOMHHOIO HaBYaHHS 3 MiAKPilJIEHHSIM, sIKA IHTerpye
PEKYPEHTHY allpOKCUMAIlil0 CTaHy NIepEKOHaHb, AeLleHTPasi30BaHy KOOPAMHALIiI0 YepPe3 PO3MOoJiabiye HaBYaHHS i
YyTJIUBE O HEBU3HAYEHOCTH Ta PU3UKY PO3BiIyBaHHS 3 BUKOPHUCTAHHIM aHCaMOJII0 BUGIPOK 32 METOZOM
PaHIOMi30BaHOTO MaKCUMYyMY allOCTEPIOPHOrO PO3NOiNY LPYroro MOpsAKy AJjisl BpaxyBaHHSI CTOXaCTUYHOCTHU
I€TaJIbHUX PillleHb, 0 JO3BOJISIE ar€HTaM JOCSIITHA TPUBAJIOrO PO3BiyBaHHS Ta CKOOPAMHOBAHOI JOBIOCTPOKOBO]
B3aeMoJii 6€3 BUKOPUCTAHHS PO3TATHYTHUX Y 4aci pillleHb Y paMKax JeleHTPali30BaHOTO YaCTKOBO
CIIOCTEPEKYBAHOTO IIPOLIECY BUPIIIyBaHH4, a TAKOX ITiBUIIY€E aJallTUBHICTD i CTIMKICTh MOJ€JIi 4O 3MiH
XapaKTEPUCTUK TPAHCIIOPTHOIO IIOTOKY. 3. YIOCKOHAJIEHO MOJI€JIb iHTEJIEKTYaIbHOTO CBiTJIO(POPHOro KepyBaHHS
TPaHCIOPTHUMU NOTOKaMU MYJIbTUMOJIAJILHOTO [IEPEXPECTS 3 BAKOPUCTAHHSM IBOPIBHEBOTO NEI€HTPali30BaHOTO
MIPOLIEeCY BUPIlIyBaHHS HA OCHOBI iepapxii HEUiTKUX €KCIIEPTHUX CUCTEM, BiIMiHHICTB SIKOi Bif] aHAJIOTIiB NOJISITAE y
BpaxyBaHHI XapaKTEPUCTHK MapIIPYTHOrO PyXy JJIs1 BUSHAYEHHS Y€ProOBOCTY CUTHAJIIB i 3aCTOCYBaHHI IPOTHO3HOTO
KEpPYBaHH4 711 BU3HAYE€HHA 4YaCOBUX [IapaMETPiB CUTHAJIIB, 3aBSIKA YOMY MiHIMI3ye€TbCA 4ac 3aTPUMKU i KiJIbKiCTb
3YIIMHOK TPaMBaiB i3 He3HAYHMM BIUIMBOM Ha PYyX 3arajbHOro TPaHCIOPTY. 4. Habysa monanpmoro po3BUTKy
MOZeJIb IelleHTPali30BaHOr0 KepyBaHHS TPAHCIIOPTHUMU IIOTOKaMU MYJIbTUMOJIaJIbHOTO CBIiTJI0(DOPHOTO
[IepexpecTs 3 ypaxyBaHHSAM HEBU3HAYEHOCTY BUPIIyBaHHS, BiIMIHHICTb SIKOI BiJl aHAJIOTIB I10JISTa€e y MpaBujax
ap6iTpaKy 3anuTiB 3 OLiHKaMU BIIEBHEHOCTH, 110 J1a€ MOKJIUBICTD yperysoBaHHS KOHQJIIKTIB pyXy rPOMaCbKOTO

TPaHCIOPTY, & TAKOXK MIOTOKIB TPAHCIIOPTY Pi3HUX BUJiB.

2. Lytvynenko M.I. Models and Intelligent Information Technologies for Improving the Efficiency of Traffic Flow
Management at Signalized Intersections — Qualifying scientific work on the rights of manuscript. The dissertation
for obtaining the scientific degree of Doctor of Philosophy in specialty 122 Computer Science - Kharkiv National
University of Radio Electronics, Ministry of Education and Science of Ukraine, Kharkiv, 2026. The relevance of this
research is motivated by the limitations of existing intelligent decision-making models for spatio-temporally
detailed signal control of heterogeneous traffic flows at intersections, where the issue of handling perceptual and
decisional uncertainty is integral, affecting the utilization efficiency of limited spatial resources in urban transport
systems under multimodal and /or asymmetric demand. The aim of the dissertation is to improve the efficiency of
traffic flow management at signalized intersections by developing models and intelligent information technologies
that will enable the formulation and integration of timing policies to utilize the spatial resources of intersections
by different modes of transport, regardless of the topology of the intersections themselves and the temporal
characteristics of traffic flows. The object of research is the process of traffic flow management at signalized
intersections. The subject of research are models and intelligent information technologies for improving the
efficiency of traffic flow management at signalized intersections. The scientific novelty of the obtained results is as
follows: 1. For the first time, a conceptual model of a signalized intersection has been proposed, formalized as a
decentralized, partially observable Markov decision process utilizing an extended continuous observation space to
replace explicit communication and utilizing primitive actions, which ensures a bijective correspondence with the
temporally extended action definitions. This enables the compatibility with offline learning from data collected by



the existing centralized methods, while the decentralized problem structure provides a theoretical foundation for
heterogeneous agent configurations and policy transferability across intersection topologies. 2. For the first time, a
decision-making model for traffic signal durations based on the multi-agent deep reinforcement learning has been
proposed, which integrates a recurrent approximation of the belief state, decentralized coordination via
distributional learning, and uncertainty- and risk-sensitive exploration using an ensemble of samples based on the
second-order randomized maximum a posteriori method to account for the stochasticity of detailed decisions.
This allows agents to achieve sustained exploration and coordinated long-term commitment without resorting to
temporally extended decisions within a decentralized partially observable decision-making process, and also
improves the adaptability and robustness of the model to changes in traffic flow characteristics. 3. The model of
intelligent traffic light control at a multimodal intersection using a two-level decentralized decision-making
process based on a hierarchy of fuzzy inference systems has been improved. Unlike the existing methods, it
incorporates transit route-specific characteristics to determine signal sequencing and uses predictive control to
determine signal timing parameters, thereby minimizing delay times and the number of tram halts with minimal
impact on general traffic flow. 4. A model for the decentralized traffic flow management at multimodal signalized
intersections, considering decision uncertainty, has been further developed. This method differs from the existing
ones in the introduction of arbitration rules for requests with confidence estimates, which enables the resolution
of conflicts involving public transport, as well as between different modes of transport.
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