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I. INTRODUCTION 
 

Traffic management is a major challenge in rapidly 

growing urban areas [1]. As the number of vehicles 

on the roads increases, maintaining order and 

ensuring safety at intersections becomes critical [2]. 

Red light running is a common violation that often 

leads to accidents, property damage, and loss of life 

[3]. Traditional traffic monitoring systems typically 

lack automation, accuracy, and real-time reporting 

capabilities [4]. There is a need for smart, connected 

systems that can efficiently detect and record such 

violations to support smart city initiatives [5]. The 

Internet of Things (IoT) has revolutionized how 

physical devices interact, communicate, and share 

data. IoT systems integrate sensors, actuators, 

cameras, and microcontrollers to create a network of 

interconnected devices that can make autonomous 

decisions [6]. In traffic management, IoT enables 

smooth monitoring and data logging [7]. This 

improves enforcement efficiency and supports  

 

evidence-based traffic governance. Integrating IoT 

with cloud services like ThingSpeak allows for real-

time data collection and remote access for analysis 

and decision-making [8].  

 

 Using the ESP32, a low-cost and high-performance 

microcontroller with built-in Wi-Fi and Bluetooth, 

has transformed IoT applications [9]. It provides 

multiple GPIO pins, fast processing, and wireless 

communication, making it suitable for smart 

infrastructure projects [10]. In this research, the 

ESP32 serves as the central controller, detecting 

violations, processing signals from sensors, and 

communicating with the cloud. The board enables 

real-time violation detection without manual 

oversight, automating the process and reducing 

latency in data transmission [11]. An Infrared (IR) 

sensor plays a critical role in this project by detecting 

vehicles that cross the stop line when the red light is 

on. This sensor detects movement during prohibited 

signals [12]. When the red light is active, any 

interruption in the IR beam indicates a rule violation 
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[13]. This straightforward sensing method allows for 

precise detection, even in low-light or foggy 

conditions, ensuring reliable operation [14].  

 

To improve the detection mechanism, an ultrasonic 

sensor measures the distance of the approaching 

vehicle [15]. This additional layer of sensing helps 

minimize false positives and ensures that only valid 

violations are recorded [16]. The sensor accurately 

measures the gap between the signal and the 

vehicle, distinguishing between vehicles that stop 

correctly and those that cross the line during the red 

phase [17]. By combining readings from both IR and 

ultrasonic sensors, the system achieves greater 

reliability and accuracy [18]. The red LED indicator 

represents the traffic signal system, showing when a 

violation occurs [19]. When the red LED is activated, 

it signifies the red light phase of an actual traffic 

signal. The system monitors the IR sensor 

continuously during this phase to check for 

unauthorized movement [20]. When a violation is 

detected, the LED provides immediate feedback, and 

the data is processed for logging and cloud storage 

[21]. A key component of this system is real-time 

cloud logging using the ThingSpeak platform. 

 

 The ESP32 connects to Wi-Fi and uploads data when 

a violation is detected. This data includes the 

violation type and a timestamp, allowing authorities 

to view and analyze traffic behavior patterns 

remotely [22]. Cloud logging improves data 

accessibility and enables long-term storage for 

statistical and predictive analysis, aiding the 

development of intelligent traffic control strategies 

[23]. A major extension of this project involves using 

Machine Learning (ML) for license plate detection 

and recognition [24]. The system employs image 

processing and a Convolutional Neural Network 

(CNN) model to identify and extract vehicle 

registration numbers from captured images. This 

allows for the automatic identification of violators 

without human intervention [25]. Integrating ML 

improves the system's efficiency, creating a hybrid 

solution that combines IoT for sensing and ML for 

intelligent decision-making [26]. 

 

 The proposed system ensures that only valid 

violation data is stored and transmitted, 

avoidingunnecessary data traffic and optimizing 

cloud resource use [27]. The use of non-blocking 

code and efficient programming enables concurrent 

handling of all conditions: Wi-Fi connectivity, sensor 

input, and data upload [28]. The implementation 

emphasizes modularity, scalability, and reliability, 

making the design suitable for real-world use. This 

IoT-based system not only provides a smart solution 

for detecting traffic violations but also aligns with 

sustainable urban development goals [29]. By 

automating monitoring and reporting, it reduces the 

need for manual intervention, saving time, labor, and 

financial resources. It also supports traffic law 

enforcement agencies by providing evidence-

backed data and ensuring transparency in the 

violation recording process [30]. 

 

 Beyond its technical features, this project holds 

educational and societal value. It showcases the 

potential of embedded systems and IoT in 

addressing real-world urban issues [31]. Students 

and researchers can build upon it to explore areas 

such as AI-based traffic prediction, vehicle 

classification, and adaptive traffic signaling systems 

[32]. Its cost-effective design also makes it accessible 

to developing countries aiming to implement smart 

city technologies on limited budgets [33]. In 

conclusion, the IoT-Based Smart Traffic Red Light 

Violation Detection and License Plate Tracking 

System using ESP32 marks progress in smart 

transportation systems. By merging IoT, sensor 

technology, cloud computing, and machine learning, 

the system offers a scalable and automated solution 

to enhance traffic safety and law enforcement [34]. It 

provides not only technical innovation but also a 

vision for future smart cities that prioritize safety, 

efficiency, and technological integration.   

 

II. LITERATURE REVIEW 
 

Jeevan Abishek H et al [1-4]. introduces a novel 

approach to vehicle and number plate detection 

aimed at identifying traffic violations. The research 

focuses on developing a smart system that can 

automatically detect vehicles and recognize number 

plates in video frames using advanced object 

detection algorithms combined with SORT (Simple 

Online Real-Time Tracking). By accurately identifying 
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and tracking vehicles, the system analyzes their 

movement patterns to determine compliance with 

traffic regulations, such as detecting red-light 

violations. The approach uses a comprehensive 

labeled data set for training and fine-tuning deep 

learning models, leading to improved accuracy and 

robustness [35]. This work significantly contributes 

to intelligent transportation systems by 

demonstrating how the integration of deep learning 

and tracking algorithms can enhance automated 

traffic monitoring and violation detection, closely 

aligning with the objectives of the present research 

on IoT and deep learning-based automated traffic 

violation and vehicle identification [36]. 

 

T. Baratsanjeevi et al [5-6]. proposed a prototype 

system that highlights the importance of traffic sign 

detection in vehicular automation, aiming to reduce 

human-induced violations and accidents. The study 

uses Convolutional Neural Networks (CNN) for real-

time detection and recognition of traffic signs, 

enabling the system to interpret and respond to road 

signals automatically. A distinct feature of this work 

is its ability to override user control when a potential 

violation is detected, ensuring compliance with 

traffic regulations and enhancing road safety [37]. 

This approach emphasizes the integration of deep 

learning-based vision systems with real-time 

decision-making mechanisms, contributing to the 

advancement of intelligent transportation 

technologies. The research aligns with the current 

study's goal of using IoT and deep learning for 

automated traffic violation detection and vehicle 

identification, as both stress intelligent, data-driven 

systems for improving traffic management and 

safety [38].  

 

K. Balasaranya et al [7-8]. proposed a real-time traffic 

violation detection and automated enforcement 

system that uses computer vision methods to 

improve traffic management efficiency. The study 

focuses on automatically detecting and classifying 

various traffic infractions, such as red-light violations, 

helmet non-compliance, mobile phone usage, 

speeding, and lane departures. To ensure reliability, 

the system employs a probabilistic validation 

approach based on Bayesian reasoning, effectively 

reducing false positives. Once a violation is 

confirmed, automated enforcement actions such as 

issuing penalties or alerting authorities are carried 

out, minimizing human intervention in traffic law 

enforcement. Additionally, the system integrates 

real-time data recording to maintain detailed 

infraction logs for analysis and reporting [39]. This 

research shows the potential of combining AI-driven 

object detection with automated enforcement to 

create intelligent, scalable, and efficient traffic 

monitoring systems, aligning closely with the current 

study's aim to integrate IoT and deep learning for 

automated traffic violation detection and vehicle 

identification [40]. 

 

S. S et al [9-10]. proposed an advanced smart traffic 

management and intelligent street lighting system 

to address issues like energy waste, traffic 

congestion, and ineffective traffic monitoring. The 

research points out the limitations of traditional 

roadway management methods, which fail to adjust 

signal timings based on real-time traffic density, 

resulting in uneven traffic flow and increased 

congestion. To address this, the proposed system 

dynamically changes signal durations by comparing 

vehicle densities across lanes, ensuring smoother 

traffic movement. Furthermore, the study introduces 

an IoT-based, solar-powered street lighting system 

designed to reduce energy waste by only activating 

lights when movement is detected, turning them off 

otherwise [41]. This integrated method optimizes 

traffic control and promotes sustainable energy use. 

The work closely aligns with the current research 

focus on IoT and deep learning integration for 

automated traffic violation detection and vehicle 

identification, both aiming to enhance urban traffic 

efficiency and safety through intelligent, data-driven 

automation. 

 

  J. V. Anchitaalagammai et al [11]. presented an IoT-

based smart street lighting system that showcases 

the transformative potential of the Internet of Things 

in developing smart city infrastructure. The research 

emphasizes how IoT allows for intelligent control 

and monitoring of street lights by adjusting their 

brightness based on ambient light levels. This 

optimizes energy consumption while ensuring 

sufficient illumination. The system also includes 

sensors to detect vehicles or pedestrians, allowing 
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real-time adjustments of lighting intensity to 

enhance safety and efficiency. Additionally, the 

framework can identify faulty street lights and send 

maintenance information to the cloud for timely 

action. By integrating such smart street light systems 

into a unified IoT platform, the study envisions a 

comprehensive approach to urban management 

that adapts to traffic and pedestrian density patterns 

while promoting sustainability. This work aligns with 

the current research on IoT and deep learning-based 

automated traffic violation detection and vehicle 

identification, both aiming to leverage IoT 

technologies for intelligent urban infrastructure and 

improved real-time decision-making. 

 

 Meera S et al [12-14]. proposed an automated 

system for detecting motorcycle riders who violate 

helmet laws using image processing and machine 

learning techniques. The study highlights that 

manually detecting helmet violations is time-

consuming and prone to errors, particularly in 

densely populated urban areas. To tackle this issue, 

the author created an automated framework capable 

of identifying riders without helmets in real time. The 

system performs license plate extraction through a 

structured sequence of processes, including image 

acquisition, preprocessing, edge detection, 

segmentation, feature extraction, and character 

recognition. Integrating these modules ensures 

accurate detection and efficient identification of 

violators. This approach demonstrates the 

effectiveness of combining machine learning 

algorithms with computer vision methods to 

improve traffic rule enforcement and road safety. 

 

Shiva Mehta et al [15-16]. proposed an improved 

IoT-based vehicle management system focused on 

better traffic law enforcement and road safety. This 

system gathers real-time data from various IoT 

devices, including cameras, speed sensors, and RFID 

readers, and uses machine learning algorithms to 

spot traffic violations and manage traffic flow 

effectively. During a three-month prototype test in a 

small city, the system identified violations like 

speeding and running red lights with a 92.3% 

accuracy rate while cutting false positives by 28% 

compared to traditional methods. Its use resulted in 

a 30% drop in traffic violations and a 15% 

improvement in traffic flow punctuality during busy 

hours, along with an 18% reduction in emergency 

vehicle response times. However, some challenges 

arose, such as a 12% slow down in data processing 

in areas with poor internet connectivity and privacy 

worries reported by 14% of users, highlighting the 

need to improve data security measures. This 

research supports the current study's aim to 

integrate IoT and deep learning for automated 

detection of traffic violations and vehicle 

identification, both of which seek to boost traffic 

management efficiency and safety with smart, real-

time systems. 

 

Josephine Ruth Fenitha et al [17-20]. suggested an 

integrated traffic violation detection system 

intended to lower road accidents caused by rule-

breaking. This system tracks vehicle movement and 

monitors offenses like signal violations, speeding, 

and accidents by combining RFID and IoT 

technologies. Signal violations trigger alerts to 

vehicle owners, while speeding violations 

automatically send vehicle details to the nearest 

control room, helping to stop hit-and-run incidents. 

The system also features a web-based interface for 

recording and managing violations, allowing traffic 

authorities to track offenders and control traffic in 

crowded and remote areas. This research 

complements the current study on IoT and deep 

learning-based automated traffic violation detection 

and vehicle identification by highlighting intelligent, 

real-time monitoring and automated alert systems 

to improve road safety. 

 

III. PROPOSED MODEL 
 

The proposed IoT-based red light violation detection 

and license plate tracking model is set to automate 

identifying vehicles that pass through signals when 

red. The system merges IoT with machine learning to 

boost accuracy, cut down on human reliance, and 

permit real-time data monitoring. The ESP32 

microcontroller serves as the main processing unit, 

coordinating with IR and ultrasonic sensors to 

identify traffic rule breaches. When a vehicle 

unlawfully crosses the signal, the system captures 

the event immediately, records the time, and 

uploads the data to the cloud through the 
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ThingSpeak platform for remote access and 

evaluation.  

 

This combined IoT and machine learning framework 

ensures effective traffic regulation and reliable data 

management. The IR sensor detects a vehicle's 

presence by interrupting a beam, while the 

ultrasonic sensor measures distance to confirm how 

close the vehicle is to the stop line. Once confirmed, 

the ESP32 triggers an alert, lights up a red LED for 

visual feedback, and sends the data to the 

ThingSpeak cloud. At the same time, the system's 

machine learning module processes an image taken 

by a connected camera and uses a convolutional 

neural network (CNN) to extract the vehicle's license 

plate number. This mix of sensor detection and 

intelligent recognition offers a cost-effective and 

scalable smart traffic monitoring solution for 

modern cities. 

 

 
Figure 1: Proposed Architecture of the Auto-ViTrack 

System 

 

Algorithm  

Step 1: Start the ESP32, set up GPIO pins for the IR 

sensor, ultrasonic sensor, LED, and camera, and 

connect to Wi-Fi.   

Step 2: Turn on the red LED to simulate a red traffic 

signal and begin monitoring the sensors.   

Step 3: Continuously read data from the IR sensor to 

find beam interruptions from a moving vehicle.   

Step 4: Measure the vehicle's distance with the 

ultrasonic sensor to confirm its closeness to the stop 

line.   

Step 5: Look for violations—if IR = 1 and distance ≤ 

threshold, mark the violation as detected.   

Step 6: Record violation details (timestamp, sensor 

readings) and activate the visual alert through the 

LED.   

Step 7: Send violation data to ThingSpeak only for 

valid violations.   

Step 8: Trigger the camera to capture an image of 

the violating vehicle.   

Step 9: Use a CNN-based machine learning 

algorithm to identify and extract license plate 

characters. 

Step 10: Combine violation data and license plate 

results, then upload to cloud storage.  

 

Mathematical Equations  

IR Sensor Detection Condition 

IR=1 if the IR beam is interrupted (vehicle 

detected); otherwise IR=0 

Ultrasonic Speed Constant 

D=
v . t

2
   where v=0.034cm/μs (speed of 

sound) 

Vehicle Presence in Violation Zone 

D  thD  indicates that the vehicle is within 

the violation zone 

Time Interval Measurement 
pcv T-T=T , time difference between 

current and previous detections 

Violation Detection  

V = 1 , if  IR = 1 and thDD   and  

V = 0 , otherwise (no violation detected) 

LED Indication Control 

stateLED =  1 , if  V=1, else stateLED  = 0  

Violation Logging Function 

Log = f(V, sT ,D) represents data logged to 

ThingSpeak 

Data Upload Trigger Condition 

logC  = 1 if V=1, initiating data upload 

CNN-Based License Plate Detection 

P(I) = CNN(I) represents the probability of 

license plate presence in image I 

OCR-Based Plate Character Extraction 

LP = OCR(P(I)) extracts characters from the 

identified region 

cdv T=T
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Character Identification Set 

numLP =∑ ci
n
i=1 , where  ci  are detected 

characters 

Data Packet Combination 

finalData =  [V, sT ,D, numLP ] combines all 

results for cloud logging 

ThingSpeak Upload Confirmation 

statusCloud  = 200 , if  ThingSpeak upload 

successful 

System Reset Condition 

resetSystem =  1 , if upload complete and 

sensors ready for next cycle 

 

The proposed IoT-Based Auto-ViTrack System 

effectively combines IoT hardware with machine 

learning approaches for real-time red-light violation 

detection and license plate tracking. By using the 

ESP32 microcontroller, IR and ultrasonic sensors, and 

a CNN-based recognition model, the system 

efficiently identifies traffic violations and transmits 

data to the ThingSpeak cloud only when violations 

occur. This event-driven structure minimizes 

unnecessary data transmission, enhances network 

efficiency, and ensures accurate and reliable 

performance.  

 

Experimental results show that the Auto-ViTrack 

model outshines existing systems in detection 

accuracy, reliability of recognition, speed, and 

scalability. Integrating IoT components with machine 

learning algorithms ensures high performance while 

keeping the system cost-effective and energy 

efficient. Overall, the proposed approach shows a 

strong, intelligent, and scalable method for traffic 

monitoring, marking a significant step toward 

automated traffic enforcement and smart city 

development. 

 

IV. RESULTS 
The performance assessment of the proposed IoT-

Based Auto-ViTrack Model was done using ESP32 

hardware combined with IR and ultrasonic sensors 

for detecting red light violations and tracking license 

plates. The system was evaluated against three 

leading models—Vision-SORT, Smart-Enforce, and 

IoT-VMS—under the same testing conditions. Eight 

critical parameters were evaluated: detection 

accuracy, license plate recognition accuracy, false 

positive rate, detection speed, cloud upload success 

rate, hardware cost, power use, and system 

throughput. 

 

The analysis clearly shows that the Auto-ViTrack 

model outperforms existing systems in nearly every 

parameter. By integrating IoT and machine learning, 

the system achieves better accuracy, less latency, 

and improved energy efficiency. Its event-based 

detection and optimized cloud logging ensure 

precision and reliability, making it suitable for large-

scale smart traffic enforcement. 

 

Table 1 : Detection Accuracy (%) 

Model Detection Accuracy (%) 

Vision-SORT 91 

Smart-Enforce 93 

IoT-VMS 92 

Proposed Auto-ViTrack 94 

 

Auto-ViTrack achieves 94% detection accuracy 

thanks to effective IR and ultrasonic sensor 

integration, outperforming other vision-based 

systems. 

 
Figure 2: Detection Accuracy (%) 

 

The data shows that the Auto-ViTrack model reaches 

the highest detection accuracy of 94%, better than 

Vision-SORT (91%), Smart-Enforce (93%), and IoT-

VMS (92%). This improvement comes from 

combining IR and ultrasonic sensors with the ESP32, 

ensuring precise detection of red-light violations. 

 

Table 2 : License Plate Recognition (LPR) Accuracy 

(%) 

Model LPR Accuracy (%) 

Vision-SORT 88 

Smart-Enforce 90 
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IoT-VMS 87 

Proposed Auto-ViTrack 92 

 

Using a CNN-based license plate recognition 

module, Auto-ViTrack achieves 92% accuracy, 

topping all the other systems. 

 

 
Figure 3: License Plate Recognition (LPR) Accuracy 

(%) 

 

This graph illustrates the license plate recognition 

accuracy across models. Auto-ViTrack reaches 92%, 

while Smart-Enforce achieves 90%. The superior 

performance of Auto-ViTrack is due to its CNN-

based recognition architecture, which improves 

detection under varying lighting and motion 

conditions. 

 

Table 3 : False Positive Rate (%) 

Model False Positive Rate (%) 

Vision-SORT 6.0 

Smart-Enforce 4.0 

IoT-VMS 5.0 

Proposed Auto-ViTrack 3.0 

 

Auto-ViTrack reduces false positives to 3% due to its 

event-based decision logic and sensor validation 

techniques. 

 

 

 
Figure 4: False Positive Rate (%) 

 

The false positive rate data shows that the Auto-

ViTrack system maintains the lowest error rate at just 

3%, compared to Smart-Enforce (4%) and Vision-

SORT (6%). The dual-sensor validation and event-

based cloud logging effectively reduce incorrect 

detections. 

 

Table 4 : End-to-End Detection Latency (ms) 

Model Latency (ms) 

Vision-SORT 450 

Smart-Enforce 400 

IoT-VMS 420 

Proposed Auto-ViTrack 350 

 

Auto-ViTrack records the lowest latency (350 ms), 

allowing faster cloud logging and real-time response 

to violations. 

 

 
Figure 5: End-to-End Detection Latency (ms) 

 

This data represents latency (in milliseconds) from 

event detection to cloud upload. Auto-ViTrack 

shows the lowest latency (350 ms), demonstrating 

faster real-time processing compared to IoT-VMS 

(420 ms) and Vision-SORT (450 ms). The ESP32’s 
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efficient data handling and optimized ThingSpeak 

communication enable rapid responses. 

 

Table 5 : Cloud Upload Success Rate (%) 

Model Upload Success (%) 

Vision-SORT 95 

Smart-Enforce 96 

IoT-VMS 94 

Proposed Auto-ViTrack 98 

 

The proposed model achieves a 98% upload success 

rate, showing superior cloud connectivity and 

reliability with ThingSpeak. 

 

 
Figure 6: Cloud Upload Success Rate (%) 

 

The data compares cloud upload reliability. The 

proposed system hits a 98% success rate, surpassing 

all other models. The high success rate indicates 

stable Wi-Fi connections and good cloud integration 

using ThingSpeak APIs. 

 

Table 6 : Estimated Hardware Cost per Unit (USD) 

Model Cost (USD) 

Vision-SORT 420 

Smart-Enforce 600 

IoT-VMS 550 

Proposed Auto-ViTrack 180 

 

Auto-ViTrack ranks as the most cost-efficient system, 

costing only USD 180 per unit, ideal for large-scale 

deployment in smart cities. 

 

 
Figure 7: Estimated Hardware Cost per Unit (USD) 

 

This data highlights the cost-effectiveness of each 

system. Auto-ViTrack is priced at only USD 180 per 

unit, making it the most affordable solution 

compared to Smart-Enforce (USD 600) and IoT-VMS 

(USD 550). This low cost supports widespread 

deployment in smart city traffic management. 

 

Table 7 : Average Power Consumption (W) 

Model Power (W) 

Vision-SORT 5.2 

Smart-Enforce 6.0 

IoT-VMS 5.8 

Proposed Auto-ViTrack 3.5 

 

Auto-ViTrack uses only 3.5 W of power, confirming 

its energy-efficient design for continuous IoT 

monitoring. 

 
Figure 8: Average Power Consumption (W) 

 

The power consumption comparison shows that 

Auto-ViTrack uses just 3.5 W, which is much lower 

than Smart-Enforce (6.0 W) and IoT-VMS (5.8 W). The 

optimized architecture based on the ESP32 ensures 

high energy efficiency for ongoing real-time 

operations. 
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Table 8 : System Throughput (Violations/hour) 

Model Violations/hour 

Vision-SORT 150 

Smart-Enforce 180 

IoT-VMS 160 

Proposed Auto-

ViTrack 
200 

 

With a throughput of 200 violations per hour, Auto-

ViTrack shows strong real-time processing and 

scalability. 

 

 
Figure 9: System Throughput (Violations/hour) 

 

The throughput data indicates the number of 

violations processed in an hour. Auto-ViTrack 

processes the most at 200 violations per hour, 

outperforming Smart-Enforce (180/hour) and 

Vision-SORT (150/hour). This result confirms the 

system’s excellent scalability and data handling 

abilities. 

 

V. CONCLUSION 
 

The proposed IoT-Based Smart Traffic Red Light 

Violation Detection and License Plate Tracking 

System (Auto-ViTrack) shows a notable progress in 

intelligent traffic enforcement by blending IoT 

technology with machine learning. By using the 

ESP32 microcontroller, IR and ultrasonic sensors, and 

a CNN-based recognition system, the setup 

effectively detects red-light violations, collects 

license plate information, and uploads violation data 

to the cloud through ThingSpeak. The event-driven 

design ensures only relevant data is logged, 

reducing network strain and optimizing resource 

use. 

 

Comparative analysis with existing models like 

Vision-SORT, Smart-Enforce, and IoT-VMS reveals 

that the Auto-ViTrack system achieves better 

detection and recognition rates, less latency, fewer 

false positives, and improved cloud reliability. Its 

hardware design also prefers energy efficiency and 

affordability, making it suitable for large-scale 

deployment across smart city frameworks.  

 

In summary, Auto-ViTrack bridges the gap between 

standard traffic monitoring and smart automation by 

enabling real-time violation detection, cloud-based 

data analysis, and automatic record generation. The 

combination of IoT and machine learning in this 

hybrid framework offers a scalable, precise, and 

sustainable way to enhance road safety and enforce 

traffic laws effectively. Future improvements could 

involve adding edge AI for quicker on-device 

processing and multi-camera analytics for broader 

coverage at intersections. This system can also 

connect with real-time traffic signal controllers in 

urban areas, promoting automated violation 

recording and smart city traffic management. 
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