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Abstract: This review surveys recent methods for vehicle detection, tracking, and speed estimation using monocular video, stereo
vision, aerial imagery, LiDAR, and hardware-assisted optical sensing.Detection backbones such as YOLO, SSD, and Faster R-
CNN areexaminedalongsidetrackingalgorithmsincludingSORT,DeepSORT ,andByteTrack.Monocularhomography,stereodepth
estimation,LiDAR-basedtracking,andopticalmodulationapproachesareanalyzedintermsofaccuracy,robustness,anddeploy-ment
feasibility. Thepapersummarizesdatasets,evaluationmetrics,andresearchtrends,whileidentifyingkeychallengessuchas  weather
robustness, lackofstandardizedspeedgroundtruth,andreal-timesensorfusion. Recommendationsforfutureintelligent transportation
systems are also discussed.
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I. INTRODUCTION

Accurate vehicle detection and speed estimation are essential components of intelligent transportation systems (ITS). These sys-
temsenabletrafficmonitoring,congestionanalysis,accidentprevention,andsmartcityinfrastructuredevelopment. Vision-based
approaches usingsurveillancecamerasandaerialplatformshavegainedprominenceduetotheirscalabilityandcost-effectiveness ~ when
compared with traditional radar or loop-based systems.

Recent advancements in deep learning have significantly improved detection accuracy using models such as YOLOv8, SSD, and
Faster R-CNN. Tracking algorithms including SORT, DeepSORT, and ByteTrack enhance temporal consistency, enabling
reliablespeedestimationfromvideostreams.However,challengessuchasperspectivedistortion,illuminationchanges,occlusion, and
adverse weather conditions remain critical concerns.

Il. LITERATURE SURVEY
A. Monocular and Video-Based Methods
Monocular approaches rely on object detection and tracking combined with camera calibration or homography.Deep image
homographytechniquestransformcameraviewsintobird’s-eyeperspectives,improvingdistanceandspeedestimationaccuracy. These
methods are computationally efficient but sensitive to calibration errors.

B. StereoVisionSystems
Stereovisionsystemsestimatedepthusingdisparitybetweenpairedcameras. Suchsystemsprovidehigheraccuracythanmonoc-  ular
methods and are less affected by perspective distortion. However, precise camera alignment and calibration are mandatory.

C. LiDAR-BasedSpeedEstimation
LiDAR sensors enable precise three-dimensional vehicle tracking using point cloud clustering and Kalman filtering.These systems
achieve very low speed estimation error and are robust to lighting conditions, though high cost limits large-scale deployment.

D. OpticalandHardware-AssistedTechniques
ModulatedMotionBlurandfrequency-modulatedopticalsensingencodevelocityinformationdirectlyintoimagepatterns. These
approaches improve robustness in low-feature environments but require specialized hardware.

E. Aerial and UAV-Based Systems
UAV-basedmonitoringprovideswide-areatrafficanalysisusingdetectionandtrackingpipelinescombinedwithscalecalibration. These
methods are effective for urban planning but are sensitive to altitude variation and motion blur.
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I1l.  ANALYSIS AND DISCUSSION
ComparativeanalysisindicatesthatLiDAR-basedsystemsofferthehighestaccuracy,followedbystereovisionapproaches. Monocular and
aerial methods provide acceptable performance for large-scale monitoring with lower infrastructure costs.Hardware- assisted methods
demonstrate promising robustness but lack widespread adoption.

IV. CONCLUSION
This review highlights the evolution of vehicle detection and speed estimation from traditional vision-based pipelines to modern
deeplearningandmultimodalsystems.  WhileLiDARandstereovisiondeliversuperioraccuracy,monocularandaerialmethods  remain
attractive for scalable deployment. Futureresearchshouldfocusonunifieddetection—tracking—speedestimationpipelines, weather-
adaptive models, and real-time multimodal sensor fusion for smart transportation systems.

REFERENCES
[1] D.zhao,L.Zhang,andK.Sun,“TrackingandSpeedEstimationofGroundVehiclesUsingAerial-viewVideos,”IEEE Access, vol. 12, pp. 21543-21558, 2024.
[2] D.A.Kamil,K.Lee,andS.Park,“VehicleSpeedEstimationUsingDeeplmageHomography,”Sensors,vol.24,no. 7, 2024.
[3] L.Yang,Q.LiandJ.Chen,“VehicleSpeedMeasurementBasedonBinocularStereovision,”IEEEAccess,vol.7,pp. 146352-146363, 2019.
[4] J.zhang,M.Wang,andZ.Liu,“VehicleTrackingandSpeedEstimationFromRoadsideLiDAR,”IEEEJSTARS,vol. 13, pp. 5943-5955, 2020.
[5] M. Lee, D. Kim, and S. Lee, “Vehicle Speed Estimation Using Modulated Motion Blur,” IEEE Access, vol. 11, pp. 87824-87836, 2023.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




