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Abstract

Ur banization and rapid motorization have in
| oss, poll uti on, and safety chall enges. Tr a
todayodos dynamic urban conditions, creating e
time solutions. This review highlights Artif
as transformative technologies in Intelligert
deep |l earning, machine | earning, andi memput
vehicle detection, traffic density estimat.i
and predictive analytics. Research studies
i mprovements in reducing travel time, fuel ¢
environment al sustainability and smart <city
policy framewor ks, i nterdisciplinar-gricwdn abc
| TMS holds i mmense potenti al for developing

systems represent a paradigm shift toward sa
Key wo mteligent Traffic Management, Artificial Intelligence, Computer Vision, Smart

Cities, Congestion Control
1.1 NTRODUCTI ON

Ur bani zati on, high speed motorizati on, and
massive strain in the transportation infrast
mo s t critical probl ems of the modern <citie
prol onged transportation time, and an even W
traffic control i-poiohwvi eghethel esise mdnuadlx edo
static signal are becoming | ess and | ess use
nature of ur ban traffic. These traditional
predictable flow and | ess dense traffic but
intricate road geometry and unpredictable t
effective solutions. Consequentl vy, there 1is
ti me systems, which can track, examine and
road safety. This situation has |l ed to the I
especially the ones that utilize the Skills

Artificial Intelligence has changed almost all spheres of human activity, and transportation is
not an exception. Machine learning, deep learning, and reinforcement learning are Al
techniques that may be used in managing traffic through detection, prediction, and acting on
the changing traffic pattern. Contrary to ym®grammed fixed procedures, Al systems have
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the ability to be trained on huge amounts of historical andtireal traffic data, and it will
become more accurate and able to make decisions further. As an example, Al can be used to
predict congestion hotspots in advance, dynamically schedule signal timingsedr e c t

deviant behavior, i ncluding traffic violati
which deals with visual perception, has cr e
Computer vistomeaVvVébws| ¢ edetecti on, |l ane de
and i ncident detection using C a-me pbass s isnegn
algorithms, providing a strong set of tool s
road s3ituation.

The devel opment and i mplementation of Al an
systems is not a technol ogi cal change as it
clever seeing as wel/l as manipul ative contr
traffic control into the proactive rather t
inefficient i nt o-baeddd caedt Coebhapsuetdd rel onvtiyesli Iéithg e n
Management System is expecte€d mag,o gnmddviade o
environment in which <car s, roads, and author
interplay of the technologies is consistent
concern of digitalization, sustainability,
affordabl e -rpagd aclewt ioofn hciage r a s, the accelera
hardware, the presence of | arge datasets, 0
on theviwlerilcevel

Traffic congestion is not an issue which i
megacities. Even wor se realities ar e exper
infrastructur al devel opment in most cases i s
Del hi , Mumbai |, and Bengaluru in I ndia, tra
annually in traffic congestions, and al so pc
poor air quality. Il ntelligent Traffic Manage
but a requirement in the sustainable wurban
situational awar-enassolblyed ncamédasngatAl i nter
ot her sensitive areas and reduce the numbe
systems decrease the use of manu al pol i cing
transparency of é&nforcement procedures.
Technically, an | TMS based on Al and Comput e
a number of camer as, processing the frames |
to compute traffic congestion, $peed, samwd de
i mpl emented usi ng popul ar model s, l i ke Con
sophisticated ones, such as Y-ONDN. (Ybes ©nimpd:
are trained with huge quantities of annotat
trucks, buses, motorcycles, and can work wit
the processing of the data, intelligent deci
signal, predict congestion, or i ssues alert
perception, analysis and control is the hall
systiems.

Congestion management -biassemotl TtiMBe drley od hea
these technol ogi es are transformative S i
alarmingly increasing because of the speedi:
jaywal ki ng, the concept-tomethasvbekameonndat
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stems that are run by Al are able to i dent
evidence that iIs accurate and wunreliable
d response can radically decrease the num
formed instantly. Such systems have alread
duce the response times and save |ives. St
ctor. Due to the significaangof uterl aflfoscs ft
ongestion directly rai sa@&rsivgerneetndhhohurs®l| ogga se s
nergy use and vehi e emissions by intell]
echnol ogy is in [|i with more gener al envi
ustainability obje i ves. To stablish an i
be combined wit et wor ks for bicycl e st
infPastructure.
socioeconomic effects of | TMS should al :
s, and productivity, efficient traffic
ced traffic and accidents may save goVe
ars per year. The gener al gual ity of wurtk
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decreased poll uti on, whi ch dr aws i nve
t traffic systems may help quickl
transportation needs and their [
svearricch iampdl erneeanlt at i ons worl dwi de n
ruci al . Many governments are ma
Il ndia'"s National I ntelligent Tr
ty 2030 plan. Although the subj e
al gorithms, case studies, and
d, patterns can be found, I i m
e in a review paper. Such a
i rect future innovation and
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traffic management systems that
e provide a revolutionary way to
our day. These technologies offer safer roa
using the -tpiomerperfceaptailomakadngpt iane ¢eeidsican
But in addition to technological i nventi ven:t
cooperation, | egi sl ative backing, and signi
management is only the start of a | arger p |
sustainabl e urban transportation. I n | ight o
the status -wbriréseppthcatrieahs, di fficulties,
area of artificial i nbabkedgemae | Anderctomput
syst’ems.

OI—F

2.LI TERATURE REVI EW
Ansh SakhujatPdtntebl i de@23)fraffic Management

Vi sion and Machine Learningd Wi th urban tra

compl ex, -baegkiongpndsystem called "I ntelligent

Computer Vision and Machine Learning" was <cCr

the strength of two innovative technol ogi es
TN
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system can receive and analyze visual dat a

computer vision, and machine | earning gives

wi se conclusions without explicit progr ammi
: .

[
grodbmeéaking response to the diff

culties tF
must overcome. The system intends to opti mi z
the environment al ef fect of wedigpaen tecamopomgly
Computer Vision and Machine Learning. The s
ti mings, pi npoint congested areas, -tamde qui
monitoring, adnhrail wesn saekcainsdi.odndsa a resul t, com
and the economy as a whole gain from short
effective transportation system. The projec
system's capacity to quickly identify and
subsequent tragedi es. The system contribute:
by encouraging adherence to traffic | aws ai
thereby | owering the frequencyof accident sa
machine | earni nghmlmegnrti tdhammsa amdaliyrsi s equi ps
city planners to make wise choices about t
design. dThivendata ategy i mproves over ad |l ef f
friendly wurban environments, which is in |irt
and environment al preservation. Additionally
publ i c t hrough campaigns and educati onal
project seeks to forge a shared commitment t
the process and highlighting their role in j
effort, which aims to change ur bamn hti m&fi fnigc
The system can make <cities safer, more effe
residents and visitors thanks to its wide r e
project has the potenti al to transform how
ulti mately i mproving metropolitan areas' qua
Mujahid | ssam AshlqgrRedli neet . &t af(f2i0c24Pensi ty E

Various Connected Vehicle Penet.réaftTdoan sRattye s :
estimation using various Market Penetration
represents an area i n hreemrde mtf tcom nftulnluye dl e wesre
in addr essi nwygorddiptl seexe nrag alos . This study 1in
approach, the Predictive Approach, empl oyin
al gorithm fifoc edsetnismattye. tTrhaa s met hod cal cul at e
at i ntersecuniofner nwi MMRsnonusing these predidc
approach density. Using the Predictifee Appr
density predictions can be achieved througt
bet ween different i nt er sectfiiomns agmariacd.e sRa&:
hi ghlighted that excluding Signal Phase and
mo d e | performance. 't offer sff pfcMocand at e dp@il |
congestion in fsmartocitolescandents,a garmtei cul .
computations are required. Addi tionall vy, it
SPaT information and experiencing varying

providing verfgat efhifenathaa@lesnehor aead ur ban mobi
These i nsights have -woelfdtortee ma g @ meffntita i neoarkee
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responsi ve, and adaptabl e, ul timately | eadi
Systefffisi.c Tersa&a i mati on using probe vehicle dat
rates i s i mportant-t ibneec aiursfeo rimf ti pcroaow o adlmkasu ti r oenasl
study presents the results fobfcfdensdtygtesttn
aim of these scenarios is to introduce the
estimaff i aodengsiat y. F dofri ct hDee nBa 2 e/l iEset i Tmaad i on (

focuses on ffesct idneantsiintgy tarta i nt er sections by ¢
nouwmni form MPRs from difetéeregtthppcomphes| tyh

readr | i craata. The analysis MP&védalcy eases n
model ' s performance | mproves. Not abl vy, t he
even when dealing with | ow MPR,i cprvoovliudneed otnh
approach. We then, i n Scenari o 2, fificntdreondsu cteyc
estimati on, emphasi zing the initial cal cul a
MPRs . Results demonstrated a consistent tre
RMSE decreases, hi ghlighting the momed '"tshenl
model 's ability to expl ainffand dpernesditcyt. tlhne S
SPaT data was excluded as input s, which bec
Results revealed an {Omprovementdata thdemesde
Spat dadantsliyynenhances model predictability,
approach in Scenario 3. Finally, Scemarfioo m4
MPRs for t he i nput approaches. Resul ts h i
performance as MPR increases, echoing obsel
adaptability remains robust even when deal.i
| ong as thei woleurmd |i d raubstantial. The appli
alongside SPaT daumi feoxrch uUMR Rsn, amrde sneonnt s a p
enhancifegdenaity pred-wotldnscenaompbex| nepl ¢
fndi ngs HAaladhtsiigmpil i cati ons for traffic mana
They suggest t hat accounting for MPR variae
considerfimg scserearni os can | dfaidc tdoenmote @CE.L
Addi tionally, t he exclusion of SPaT dat a
performance. By embr-wor hgf mmahnassgee mems i gcham , b e
edci ent , responsi ve, and adaptable to the d

contributing to safer and more effective tra

Gupta, A.,'@YOBGise@d2W2b0) cle Detection in |I|n

Journal of CompUt kan Appadf tati cosgestion rem
driven by increasing vehicle numbers and [
Conventional traffic management approaches
dynami cal-t ymet ocornedailt i ons, |l eadi ng t o i ncr e
consumption, and prolonged travel ti mes. To
Traffic System (I TS) that | evienrea gtersa fd d nep uctoen
system wuses Closed Circuit Tel evision (CCT
intersections to capture | ive streams, from
through i mage processing techniques. Based
allocated to optimize traffic flow. The resu
the commute time as compared to a conventi
enhances traffic fluidity but also paves the
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agement infrastructure. It is clear from
computer vision is a good solution to t
al s aIIocate fixed intervals to each | a
|l eads to ngestion on | anes with high
nue to receiyv t h same amount of sign
il on such as 6 s e
l es to pass throu
d above, makes ]
sown on commuting ti me. Il n this exarl
59 seconds, saving 181 seconds (75
ption accordingly. The significant ti
ment system can greatly all eviate cong
, such a system minimizes delays for c
fic congestion i s a major issue
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contrast, traffic in underdeveloped coun
t ems. These existing manual Ssystems |l ea
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j ams. Our ©proposed system cou
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fferent architectures for trafflc
affic | h automation. We | abel the | ocal
sed on object detection, we generate the
r proposed method gives better accuracy th
at irneealt raffic signal aut-cNmdtfon gsegbtemetd
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stem takes |l ive streaming of CCTV <camer a
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propose efficient methods using YOLOv8 for b
traffic management system. We will also pror
measure the vehicle's current speed.

Shruti Mishraet. al (2029)* An Improved Smart Traffic Signal using Computer Vision and
Artificial Intelligence.The growth in population all over the world and in particular in India
causes an increase in the number of vehicles which, create complications regarding traffic
jam and traffic safety. The primary solution to recover the jam condition is the expansion of
capacities of roads by building new streets. However, this requires extra efforts and more
time that is a costly and ineffective solution. Therefore, there is a need for alternative solution
methodologies that are being implemented. Intelligent traffic monitoring is a branch of
intelligent transportation systems that focuses on improving traffic signal conditions. The key
goal of such an intelligent monitoring system is to improve the traffic system in a way that
reduces delays. Many cities facing these delays because of the inefficient configuration of
traffic light systems which are mostly fixeycle protocol based. Therefore, there is a
profound need to improve and automate these traffic light systems. The establishment of a
mixed technique of artificial intelligence (Al) and computer vision (CV) can be desirable to
develop an authenticated and scalable traffic system which can aid to solve such problems.
Proposed work supports the use of computer vision technology to build a resfiizieat,
synchronous and automated traffic analysis. Video samples were collected from multiple
areas to use in the system. The system applied and the vehicle was counted and classified into
different classes. Manually and automatically annotated patterns were used for the
classification. The muklreferencdine mechanism employed to find the speed of the vehicle
and analyze traffic. The system makes its decision based on a number of vehicles, backwards
forward synchronous data and emergency conditidinaffic congestion has become a
significant issue especially in urban areas. The most generic cause for the traffic jam in India
is an incapable traffic signal monitoring system which affects the traffic flow severely.
Frequent traffic jams at major urban areas always create a need for an efficient traffic
management system. In this dissertation, we have successfully implemented an efficient
system for a real time video processing based intelligent traffic monitoring system that detect,
count, identify vehicles and make decisions to control traffic jam. Through our proposed
work, we tried to show the advantages of computer vision technique of Opens with machine
learning for an automated traffic management system. Implementation proposed workwould
exclude the need of traffic personnel at various areas for regulating the traffic. Moreover, we
have used synchronous backwafoisvard data sharing with each traffic signals that helps

the system to makeeffective decisionsfor connected signals. This technique gives an extra
advantage to our system. Thus, we can ensure that our proposed system will be valuable for
the analysis and improvement of road traffic.

Kumar, S., & Singh, R.et. al (2021¥ drraffic Signal Control via Reinforcement Learning:

A Review on Applications and I nnovationso6Tr
intelligent transportation systems, directly affecting urban mobility, congestion mitigation,

and environmental sustainability. As traffic networks become more dynamic and complex,
traditional strategies such as axede and actuated control increasingly fall short in
addressing redime variability. In response, adaptive signal cordtrpbwered
predominantly by reinforcement learnthdnas emerged as a promising ddteven solution

for optimizing signal operations in evol ving
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a comprehensive analysis of highpact reinforcemenrtearningbased traffic signal control

methods, evaluating their contributions across numerous key dimensions: methodology type,
multi-agent architectures, reward design, performance evaluation, baseline comparison,
network scale, practical applicability, and simulation platforms. Through a systematic
examination of the most inpuenti al studi es,
challenges, and strategic directions for future research. The endings underscore the
transformative potential of RL in enabling intelligent, responsive, and sustainable traffic
management Ssystems, ma r k i n-generationsurbgmn mopilitya nt s h i
solutions. Keywords: reinforcement learning; traffic management; traffic signal control;
adaptive control; moddtee control; intelligent transportatiorOver the past decade,
reinforcement learning has emerged as a transformative paradigm in Over the past decade,
reinforcement learning has emerged as a transformative paradigm in traffic signal control,
steering the yel d awvasgdsfrategientowardadaptive, ¢iitaed h e ur i
decision making. This review has consolidated abroad spectrum-basdd TSC research,
examining algorithmic developments, scalability trends, and performance metrics across
diverse intersection types, reward structur e
from extensive prior work, the study offers both a comprehensive overview and technical
depth, framing the evolution of RL as a key enabler for tacklingwedt challenges such as
congestion, emissions, and urban safety. Notable trends highlight this prodyedsieh

among them is the dominance of vahssed methods, particularly DQN variants, and the
widespread adoption of mulligent architectures that enable decentralized, scalable control.
Reward design has evolved from traditional congedtbonsed metrics to incorporate safety,
sustainability, and fainess, rejecting broader smart city goals. Benchmarking practices have
matured, with comparisons now including established RL frameworks like Co Light and
Press Light alongide conventional baselines. Furthermore, simulation tools such as SUMO

and City Flow

Dr. Megha Kadam, Aarti Uttam Sutar, Vedika Vilas Kakad, Sarika Appasaheb Dubale,

Shamli Satish Vaidyaet. al (2028 6 Tr af fi ¢ Management Using A
Urban traffic congestion remains a critical challenge, driven by increasing vehicle numbers
and limitations in state of art traffic control systems. Conventional traffic management
approaches often lack the flexibility to respond dynamically totneed conditions, leading

to increased congestion, greater energy consumption, and prolonged travel times. To address
this, this paper proposes an Intelligent Traffic System (ITS) that leverages computer vision to
enable reatime traffic control. The system uses Closed Circuit Television (CCTV) cameras
strategically placed at traffic intersections to capture live streams, from which vehicle counts

in each lane are determined through image processing techniques. Based on these counts,
adaptive signal timings are allocated to optimize traffic flow. The results show that the
proposed system saved 75.42% of the commute time as compared to a conventional traffic
system. This approach not only enhances traffic fluidity but also paves the way for more
responsive and efficient urban traffic management infrastructure. It is clear from this research
that an intelligent traffic light control via computer vision is a good solution to the problem of
traffic congestion. Current Static signals allocate fixed intervals to each lane, regardless of
actual traffic flow. This approach often leads to congestion on lanes with high traffic volume
while lanes with little or no traffic continue to receive the same amount of signal time. A
traditional traffic signal with a fixed duration such as 60 seconds per direction, would require

a total of 240 seconds for all the vehicles to pass through an intersection. Alternatively, a

Tp
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dynamic control strategy, like the one used above, makes adjustments in real time according

to traffic circumstances, greatly cutting sown on commuting time. In this example, the
dynamic approach decreased the total time to 59 seconds, saving 181 seconds (75.42%) of the
initial time and reducing fuel consumption accordingly. The significant time savings
demonstrates how a dynamic traffic management system can greatly alleviate congestion. By
adapting to vehicle density on each lane, such a system minimizes delays for commuters,
especially in urban settings where traffic congestion is a major issue Future research efforts
Sshould focus on enhancing the model s accur
effectively handling visibility challenges under adverse weather condition.

Vitthal B Kamble, Onkar N Mundhe, Chaitanya M Walunjkar, Gaurav A Kale et. al
(2025} 6 ADr i ven Smart Traffic Management Syste
YOLO and OpenCVb6 Intelligent traffic managen
congestion in urban areas. Conventional fikete traffic lights frequently result in
inefficiencies, such as long wait times and traffic jams at busy junctions.Using Ybas€

vehicle recognition and dynamic signal control, this work presents aiven traffic light
management system. In order to optimize traffic flow, the system analyzes vehicle density in
several lanes using re@ine image processing from IP cameras and makes informed
decisions.The suggested approach prioritizes highly crowded lanes while maintaining signal
distribution equity, improving traffic efficiency. Python, OpenCV, and Ultralytics YOLO are
used for reatime detection in this fully softwaseased system. When compared to static
signal systems, the results show better traffic flow management; deep learning models and
reinforcement learning may be used to further improve the system. This study presents the
design and implementation of a fully softwdrased, Alpowered smart traffic management
system capable of dynamically optimizing traffic signal timings based o#imaalvehicle
density. Leveraging the capabilities of YOLO for accurate object detection and OpenCV for
reattime image processing, the system effectively identifies congestion levels across multiple
lanes and adapts signal durations accordingly. By eliminating the need for expensive
hardware and focusing on a softwaentric approach, the system offers a scalable and cost
effective solution suitable for smart city applications.Through comparative analysis with
traditional fixedtime traffic systems, the Adriven model demonstrated substantial
improvements in traffic flow efficiency, reduction in vehicle waiting times, and equitable
distribution of green signal durations. Furthermore, the introduction of a fairness constraint
ensures that no single lane dominates the traffic cycle, promoting balanced traffic
management across all intersections.The project not only validates the feasibility of using
computer vision and lightweight deep learning models for traffic control but also lays the
foundation for future advancements. Future extensions could integrate reinforcement learning
algorithms to enable setiptimization, clouebased processing for broader eityde
deployment, and V2X communication technologies to further enhance prediction accuracy
and responsiveness.Overall, the proposedirMen traffic management system contributes
toward making urban transportation smarter, faster, and more efficient, paving the way for
the next generation of intelligent mobility solutions in smart cities.

Rizama Victor Samuel et. al (2024f6 Comput er Vi si on for I ntel]l
and Controléd Urban traffic congestion remai
vehicle numbers and limitations in state of art traffic control systems. Conventional traffic
management approaches often lack the flexibility to respond dynamically tdinmeal
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