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Abstract. Rapid urbanization has escalated the problem of road safety in general and has also led to the 

concentration of these challenges in certain areas, particularly those that are manpower- and infrastructure- 

deficient. In such places, expensive systems such as CCTV, ANPR, and red-light detectors cannot be easily 

deployed, so a large number of locations are left with manual enforcement, which in turn results in detection 

delays. TraffIQ is a citizen-oriented, privacy-respecting traffic violation detection and reporting system, which 

is being proposed. It detects the violations of helmetless riding, triple riding, and signal jumping, etc. in the 

media from citizens and the community camera footage uploaded by citizens using YOLOv5 and YOLOv8. 

The privacy-by-design model of the system is intentionally installed to anonymize the faces and the vehicle 

registration numbers of those who are photographed for public display, while the original evidence is stored in 

a secure way for authorized officials. Every report carries location and time data that can be used to create geo- 

temporal heatmaps with the help of Leaflet.js and OpenStreetMap to identify hot spots and the times of the day 

when there are the most traffic violations in order to make the traffic management predictive and proactive. 

They are TraffIQ, which is intended for low-cost edge devices and thereby can expand monitoring beyond 

government infrastructure. TraffIQ thus presents a scalable, sustainable solution that is suitable for integration 

into future smart-city and intelligent transportation systems. 

Keywords. Traffic violation detection, intelligent transportation systems, deep learning-based surveillance, 

YOLOv5, YOLOv8, privacy-by-design, citizen-sourced reporting, edge computing, geo-temporal heatmaps, 

GPS metadata, Leaflet.js, OpenStreetMap, predictive traffic analytics, smart city integration, public- 

participation enforcement, road-safety monitoring. 

1 INTRODUCTION 

Worldwide and in India, rapid urbanization has escalated problems such as traffic violations, congestion, and road 

accidents. Still, the existing surveillance systems like CCTV, ANPR, and red-light detectors have their limitations 

due to their high cost, need for infrastructure, and manual monitoring. Most of the roads are unmonitored, leading 

to reactive enforcement. The method of citizen-driven reporting also cannot be counted as efficient due to the lack 

of a standardized submission process and concerns regarding the privacy of faces and license plates. Road safety 

is one of the biggest problems of the world, causing around 1.3 million deaths every year (according to the World 

Health Organization), out of which 93% are in developing countries. In India, in 2022, there were more than 

460,000 accidents and 150,000 deaths (MoRTH) mainly caused by over speeding, signal jumping, and the absence 

of helmets or seat belts. It is hard to scale traditional enforcement in small towns and rural areas. Improvements 

in AI and Computer Vision, especially YOLO models, have made it possible to perform automated, real-time, and 
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decentralized traffic monitoring at a low cost. Though community involvement can increase the coverage and the 

accuracy of the reporting, privacy problems, absence of standard workflows, limited geospatial integration, and 

single-violation detection models hinder the effectiveness. TraffIQ, a community-driven, AI-powered, and 

scalable solution for detecting and reporting traffic violations, is proposed to fill these voids. With the help of 

citizen-uploaded videos and images and security cameras, it detects various types of violations—helmetless riding, 

signal jumping, etc.—through the use of YOLOv5 and YOLOv8. A privacy-by-design pipeline is there to ensure 

that public viewing automatically blurs faces and license plates while the original evidence is securely kept for 

authorized officials. TraffIQ employs GPS data for mapping the exact places of violations and for visualizing the 

spots, recurring patterns, and peak hours with the help of Leaflet.js and OpenStreetMap. These insights make it 

possible to have predictive analytics and targeted interventions in the future. TraffIQ, which is created for the 

extension of surveillance where there are no resources, through the provision of a collaborative, transparent, and 

sustainable ecosystem for modern traffic management, is designed for affordable hardware such as Raspberry Pi 

and mid-range     smartphones. 

2 RELATED WORK 

Smart traffic regulation and road safety metrics have been the focus of numerous researches over the last five 

years. This is especially true as urban areas in India and other developing countries face a shortage of police 

officers, uneven CCTV coverage, and an increase in traffic violations. Researchers have moved from using 

standard image-processing methods to developing deep learning-based multi-violation detection systems that can 

work efficiently in complicated and resource-limited settings. 

In their works, the authors Chunduru Anilkumar et al. (2023) first of all, demonstrated a multi-stage 

pipeline that sequentially detects the rider, helmet, and license plate by using YOLO and OCR. Their system 

checked every stage for false positives and hence, it was able to achieve very high accuracy of license plate 

recognition (98.5%) on real-time traffic videos. Although the system is efficient in the lighting of the intersection, 

it did not show good results at nighttime and in rainy conditions. The authors have implemented weather-adaptive 

preprocessing in their future work to solve this problem, which affects the inclusion of the present work's multi-

condition-enhancement modules to ensure stability in the difficult environment [1]. 

In the same manner, Hirnaik Ashlesha Padmakar et al. (2023) designed a rule-based OpenCV detection 

system to detect red-light jumping, lane changes, and overspeeding through the existing CCTV infrastructure. 

Although the system was designed to be low-cost and deployment-friendly, it still had difficulties in high-density 

traffic and poor lighting conditions that are characteristic of classic image-processing approaches. They suggested 

deep learning-based pipelines as the next step, which is the reason why the current study has decided to use the 

YOLO-based multi-violation detection system [2]. 

With the growing emphasis on round-the-clock monitoring, Samprit Bose et al. (2024) came up with a 

low-light-optimized YOLOv8 detection system that merged nighttime image enhancement with fast detection and 

automatic reporting. Their model had achieved 98.2% precision, however, due to the changes in the environment, 

the model had to be retrained locally. To solve this problem, newer architectures, including the one used in this 

work, have put more emphasis on transfer learning and domain-adaptive techniques [3]. 

At the same time, the scientists have considered hybrid detection-classification systems. Cheng-Jian Lin 

and Jyun-Yu Jhang (2022) combined YOLO with Convolutional Fuzzy Neural Networks (CFNN) to realize real-

time vehicle detection and classification on embedded devices such as NVIDIA Jetson AGX. Although their model 

achieved 30 FPS and 99% accuracy, the high computational complexity of CFNN limited the model's potential 

for low-cost deployment. Further studies, including the present work, have taken the direction of research into 

lightweight backbones and quantization methods to ensure affordability for edge devices [4]. 

The integration of AI into city-wide traffic analytics has been prioritized, and the related efforts have 

been increasingly diverse and ambitious. For example, Quang Tran Minh et al. (2023) made Vietnam’s UTraffic 

system smarter by adding predictive models that integrate live camera feeds with congestion forecasting and 

geovisual dashboards. However, their reliance on stable internet and high-quality video limited the deployment in 

rural areas, a problem that still exists in India and that has been addressed by recent works through low-bandwidth 

video compression and embedded inference for offline or low-connectivity modes [5]. 
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Besides, cost-effective and efficient systems have been a matter of discussion as well, in the example of 

Chin Sin Ong et al. (2020), who utilized YOLO, Deep SORT, and lane geometry calculations to monitor overtaking 

and signal violations from the popularly used CCTV feed. While the system is fairly priced and can enhance the 

traffic situation in developing countries, its functionality deteriorates under less visible conditions or when lane 

markings are faded. So several modern hybrid systems, including this one, deal with these problems by using 

weather-adaptive models and multi-sensor cues [6]. 

The different method of enforcement was shown in the work of C.E. Rajaprabha et al. (2024). They 

connected the e-challan system with local RTO databases through an AI edge system combining YOLOv11 and 

OCR. Although it was very efficient for cities, the expenses of the hardware and its upkeep made it difficult to 

extend the system to rural areas. The idea of hybrid edge–cloud processing models has been floated since then as 

a way to solve cost, latency, and sustainability issues [7]. 

Focusing on the aspect of enhancing system adaptability, Yang Ren (2021) designed a hybrid AI and 

human–computer interaction system that combined Kalman filtering, histogram equalization, and adaptive 

learning loops. This system learned by itself over time through the feedback of the operator; however, it had 

problems when parts of the objects were hidden. The solution provided was multi-camera fusion, which at present 

is a commonly used technique in most of the modern systems [8]. 

Comprehensively reviewing the topic, Avadhut Dilip Sutar (2024) pointed out the significant shift 

towards sophisticated models like GA-YOLO and Transformer-based detectors for multi-violation enforcement. 

The work has also recognized privacy-facilitating frameworks that are compatible with India’s Digital Personal 

Data Protection Act (DPDPA 2023), such as federated learning and blockchain logs for the secure management of 

the violation trail. However, the limited infrastructure, inconsistent video quality, and the absence of standardized 

multi-regional datasets still obstruct the implementation of these technologies in rural areas. These issues, which 

have been acknowledged in this paper, have a strong influence on the design choices of this project [9]. 

Moreover, Mohamed Yasir M. Uvais et al. (2022) integrated CNN-based classifiers, logistic regression, 

and Kalman filtering mechanisms to achieve traffic signal violation detection. Their system was successful in 

lowering the false positives; however, it faced difficulties during situations of heavy congestion and overlapping 

vehicles. The use of multi-angle fusion and depth estimation, which are now quite popular in advanced 

frameworks, can resolve these problems [10]. 

The findings from this research point to the clear necessity of unified systems that are of low weight, 

scalable, privacy-supporting, and capable of functioning reliably under different conditions as well as being able 

to provide citizen     participation. The     literature reviewed paints a consistent picture of the need for a platform like 

TraffIQ. Such a system would be a hybrid, community-inclusive, privacy-preserving platform that combines multi-

violation AI detection, location intelligence, visualization tools, and low-cost edge deployment to fill the gaps that 

have remained unaddressed by the existing research. 

3 METHODOLOGY 

The     planned TraffIQ device is a modular, scalable pipeline that supports multi-violation detection, privacy-

preserved evidence handling, real-time geolocation, and community-driven reporting. The flow of work uses deep 

learning models, edge deployment, geospatial visualization, and secure data management. 

3.1 System Overview 

The system architecture comprises data acquisition from citizen and community cameras, multi-violation detection 

using YOLOv5/YOLOv8, privacy-by-design anonymization, and an analytics dashboard with geolocation. The 

system functions in real-time at the edge, in low-bandwidth environments, and can be optionally integrated into 

the cloud. 

3.2 Data Acquisition and Input Processing 

Uploads by citizens are the photos/videos along with an automatic timestamp and GPS extraction that allows the 

coverage to go beyond the fixed cameras. Community-installed IP cameras provide the video stream of the 

sampled frames for the sake of efficiency. The pre-processing stage takes care of that through low-light 
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enhancement, noise reduction, weather artifact correction, and contrast normalization as a result of which the 

highly varied Indian traffic condition can be handled properly. 

3.3 Multi-Violation Detection  

Edge devices are running YOLOv5 while high-accuracy cloud inference is done by YOLOv8. The Indian scenarios 

have been taken into account while training the models by using augmentation, domain adaptation, and transfer 

learning. The sequential detection (person → rider → helmet → motorcycle → license plate) is aimed at 

minimizing false positives. OCR reads the text in Indian license plates with error correction for blur and occlusion. 

3.4 Privacy-Preserving Evidence Handling  

Faces and plates are automatically blurred by the system, which is in compliance with DPDPA 2023. Two-mode 

storage of the system keeps apart the anonymized public media from the encrypted, role-restricted administrative 

evidence. RBAC and AES-based methods allow for secure access. 

3.5 Geolocation and Metadata  

All the offenses are documented with the help of GPS coordinates, timestamp, device ID, violation type, and 

confidence score. The filter based on the haversine formula not only validates the coordinates but also removes 

the falsified data, thus making possible accurate spatio-temporal mapping. 

3.6 Geo-Temporal Analytics  

Leaflet.js and OpenStreetMap display the violations through heatmaps, clusters, and time-based overlays. 

Predictive analytics reveal the peak hours, risk-prone zones, and seasonal patterns that can be used for targeted 

enforcement and signal optimization. 

Pseudo Code: 

BEGIN 

  WAIT FOR user_upload (media_file, gps_data, user_id, category) 

  Step 1: Preprocessing 

  frame ← LOAD(media_file) 

  frame ← ENHANCE_FRAME(frame)            // denoise, low-light fix, resize 

  Step 2: Detection (YOLOv8 Cloud / YOLOv5 Edge) 

  detections ← RUN_OBJECT_DETECTION(frame) 

  Step 3: Privacy 

  IF detections contain faces OR license_plates THEN 

      frame ← APPLY_PRIVACY_BLUR(frame, detections) 

  END IF 

  Step 4: OCR for License Plates 

  plate_numbers ← EXTRACT_OCR_TEXT(detections, frame) 

  Step 5: GPS Validation 

  IF NOT VALIDATE_GPS(gps_data) THEN 

      FLAG_REPORT_FOR_REVIEW() 

  END IF 

  Step 6: Violation Classification 

  violations ← EMPTY_LIST 
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  IF HELMETLESS(detections) THEN 

      ADD "Helmetless Riding" TO violations 

  END IF 

  IF TRIPLE_RIDING(detections) THEN 

      ADD "Triple Riding" TO violations 

  END IF 

  IF SIGNAL_JUMP(detections, frame) THEN 

      ADD "Signal Jumping" TO violations 

  END IF 

  Step 7: Storage 

  SAVE_ENCRYPTED(media_file, user_id) 

  SAVE_PUBLIC(frame, violations, gps_data) 

  Step 8: Reward System 

   points ← CALCULATE_POINTS(user_id, violations, detections) 

   UPDATE_USER_POINTS(user_id, points) 

  Step 9: Dashboard Update 

   UPDATE_HEATMAP(gps_data, violations) 

  Step 10: Response to User 

  SEND_RESPONSE( 

      status = "Processed", 

      blurred_output = frame, 

      violations_detected = violations, 

      rewards_earned = points, 

      plate_numbers = plate_numbers 

  ) 

END 

3.7 Edge–Cloud Hybrid Deployment 

The lightweight YOLOv5 inference on edge devices (Raspberry Pi, Jetson Nano) helps in areas with limited 

bandwidth. The cloud environment takes care of YOLOv8 processing, storage, and analytics. The system changes 

the modes dynamically according to the network, workload, and violation type. 

3.8 System Integration and Database Management 

REST APIs, Firebase/SQL storage, and JSON metadata are used by the backend. A microservices architecture that 

separates detection, storage, notifications, and analytics is used for scalability. 

3.9 Performance Evaluation 

The performance evaluation parameters are precision, recall, F1-score, FPS, and latency. The conditions involved 

in the tests are low-light, rain, fog, and dense traffic. User acceptance tests for usability. A large and varied dataset 

of Indian traffic scenarios is used to ensure that the system will perform well under different conditions. 

3.10 User Interface and Reporting Workflow 

The user interface consists of live violation previews, upload confirmation along with the anonymization, heatmap 

dashboards, and an admin panel for secure access to the evidence. Citizens may be given optional 

acknowledgements for reports that have an impact. 
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3.11 Multi-Domain Civic Monitoring Support 

Apart from traffic violations, the platform can be used to report women’s safety issues, waste management 

problems, and suspicious activities through similar upload, anonymization, and geospatial pipelines. This single 

model not only promotes the overall civic monitoring but also the integration of different domains. 

The method combines AI detection, privacy-by-design, geospatial intelligence, hybrid deployment, and citizen 

participation into one comprehensive and scalable solution for the needs of the traffic enforcement of the     future. 

4 SYSTEM DESIGN 

The design of the TraffIQ system is a layered modular platform that spans an overarching integration of the crowd-

sourced data collection, AI-based violation detection, privacy filtering, geolocation mapping, and dual-mode 

storage functionalities. Essentially, each segment is interconnected with others to successfully detect traffic 

violations through the use of an AI algorithm while user privacy is respected and the cost of the deployment is 

kept low. The following subsections detail the conceptual design and describe the operational flow of the complete 

system. 

4.1 Architectural Diagram 

The overall system architecture of TraffIQ is illustrated in Fig. 1. 

The inceptive blueprint of TraffIQ is built around these five major strata or layers, viz: 

1 Data Acquisition Layer. . 

2 Processing and Detection Layer. . 

3 Storage and Privacy Layer. . 

4 Visualization and Decision Support Layer. . 

5 Community Participation and Reward Mechanism . 

These layers work compactly to transform raw footage from users or cameras into insightful traffic solutions by 

the authorities. 

Data Acquisition Layer 

The system embarks on inputs from two main sources: 

(i) Normal users who upload images or videos of traffic violations via mobile or web interface, and 

(ii 

int 

Local community-installed low-cost IP cameras that are streaming the live frames from the most trafficked 

rsections. 

) 

e 

Each newly arrived media file is automatically endowed with metadata such as GPS coordinates, a timestamp, a 

device ID, and user-generated details. 

Processing and Detection Layer 

The uploaded media is directed to the preprocessing module where noise removal, the improvement of the image 

taken in a low-light situation, correction of the image affected by the weather, and the balancing of the image 

contrast are performed. 

Once the footage is cleaned, it is sent to the YOLOv5/YOLOv8 detection pipeline that detects the violations such 

as riding without a helmet, triple riding, and signal jumping. To make sure the detection is correct, the sequential 

detection logic—person → rider → helmet → motorcycle → license plate—is used which confirms each stage 

before going further.  

Subsequently, license plate recognition modules extract the license plate characters conforming to Indian standards 

of number plate. 

Privacy and Storage Layer 

In order to observe India’s Digital Personal Data Protection Act (DPDPA 2023) the system has provisions for 

anonymizing the sensitive parts of the output, for instance, faces and number plates. 

TraffIQ operates two parallel databases: 
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A Public Database that contains the snapshots of the violations from which the identities of the involved people 

e removed and which is a source of information for the citizens, for example, for hotspot visualization, and 

• 

ar 

A Secure Private Database that can only be accessed by the authorized enforcement authorities and that comprises 

e original non-blurred images encrypted by employing AES-based storage. 

• 

th 

Such a dual-mode layout is aimed at securing privacy while maintaining the evidential value of the files. 

Visualization and Decision Support Layer 

All the infringements that are tagged with GPS coordinates are sent to an analytical engine that produces heatmaps, 

spatio-temporal clusters as well as predictive forecasts. These maps are created with the help of Leaflet.js and 

OpenStreetMap and thus are very convenient for administrators who get a visual board from which they can easily 

grasp the trends, find the areas where the most accidents happen, and generate the official reports needed. Police 

officers get access to a dashboard that is secured by authentication and from where they can review the cases, 

download the evidence, and initiate the necessary steps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. System Architecture of the Proposed TraffIQ Platform 
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Community Participation and Reward Mechanism 

In order to attract and maintain the steady participation of the citizens, TraffIQ implements a game theory 

principle-driven reward system for the reporting of incidents. Users, who provide evidence of violations that are 

both valid and verified, receive rewards in the form of credits, badges, or reputation points, which they may 

accumulate.  

These incentives extend the users’ active participation over a longer period and contribute to the establishment of 

a community network that is both socially responsible and mutually supportive, where one’s positive engagements 

bring one a higher score of credibility. Along with the weighted reputation model, the misuse of the system is less 

likely as the verification role gradually gets assigned to more reliable users.  

Besides reinforcing the quantity and variety of the data, the layer of incentives also creates a community that is 

self-sufficient in the members’ willingness to contribute and which openly encourages compliant road behaviour. 

4.2 Process 

So, here is the thorough explanation of the "TraffIQ" work process, which is a continuous loop of activities, namely 

capture, detection, anonymization, storage, visualization, and again repeating, is how it really functions at TraffIQ:  

The moment a user uploads a video or a community camera starts streaming, the system fetches that data 

immediately and sends it to the pre-processing unit. The media is cleaned through noise reduction, glare correction, 

and low-light enhancement so that the detector gets usable frames regardless of lighting or weather. After the 

frame is cleaned and sent to the detection unit, the YOLO model is the one that does the violation checking. The 

model is the one that flags if it sees riding without a helmet or three riders on a bike. The OCR engine, if the 

license plate is clear, then reads the number and matches it with the Indian plate formats.  

The privacy filter is the next step after a violation is verified. Parties like police and others can view the 

original version that is kept in encrypted form, while the public gets the blurred versions for display. Afterward, 

the GPS processor uses device-based coordinates, Wi-Fi signals, or cell-tower triangulation to provide the most 

accurate location data. This geographical intelligence makes it possible for the violation to be correctly shown on 

heatmaps and also facilitates the identification of areas with a high risk of occurrence.  

Also, the pictures, metadata, and location coordinates may be saved either in the public dashboard 

database or the secure enforcement repository, based on how sensitive the data is. By     the dashboard, administrators 

are able to keep an eye on aggregated violations, access heatmaps, analyze daily and weekly trends, and produce 

reports for field operations or city planning. Police squads have the ability to obtain safe documents for checking 

the real and unblurred footage making them able to perform judicial activities.  

The system keeps on refreshing the city's up-to-the-minute violation database as it accepts new inputs. 

Being automatized, equipped with privacy protection features, and enabling citizen engagement, TraffIQ is hence 

a useful, scalable instrument for the two authorities and the     public. 

5 COMPARISION WITH EXISTING SYSTEMS 

Conventional     traffic monitoring systems such as CCTV, ANPR, and red-light cameras are only efficient in metro 

areas where they can be afforded to be deployed and maintained at high costs, have good coverage, and do not 

heavily rely on the fixed infrastructure. Moreover, rule-based OpenCV pipelines have the same factors to affect 

them (light, rain, glare, occlusions, and dense traffic) and normally detect only a few types of violation. While 

YOLO-based systems even better the accuracy still they are hardware-dependent and cumbersome to scale. Some 

of these systems have additionally not put in place privacy measures and are not compliant with India’s DPDPA 

2023 as they sometimes expose faces or plates to the public. Crowd-sourced platforms have no borders in terms 

of coverage but lack standardized verification, reliable metadata, and secure evidence handling, which makes them 

impossible to use in the field of enforcement. TraffIQ fills these gaps with a hybrid model combining fixed 

cameras, citizen uploads, and low-cost community feeds to expand coverage without heavy infrastructure. Its 

multi-violation pipeline uses YOLOv5 on edge devices and YOLOv8 in the cloud to get the most accurate 

detections of helmetless riding, triple riding, and signal jumping. Privacy-by-design guarantees anonymized public 

dashboards and encrypted originals for authorized access, thus enabling DPDPA compliance. Embedded GPS 
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tagging, heatmaps, and predictive analytics help in hotspot identification and risk forecasting. In a nutshell, TraffIQ 

is a scalable, accurate, and privacy-compliant solution that is geographically fitting for India’s 2025 traffic and 

regulatory landscape and can thus address the shortcomings of traditional and rule-based     systems. 

6 RESULTS AND DISCUSSION 

The TraffIQ prototype used local images, community camera feeds, and controlled videos for testing. The 

detection performance across different input types is shown in Fig. 2. It was able to detect the same violations in 

all three media, namely, riding without a helmet, riding three abreast, and jumping a traffic signal. Accuracy was 

maintained even during monsoon-like and low-visibility conditions due to pre-processing features such as low-

light enhancement and rain/fog correction. YOLOv8 was responsible for very accurate cloud detection, while 

YOLOv5 was used for quick edge inference in low-bandwidth areas. The OCR-based plate extraction method was 

highly effective when the lighting was good; however, it lowered when there was blur or tilt, thus, it was at the 

same level as the limitations of global surveillance. 

` 

Fig. 2. Violation Detection Accuracy across Input Types 

The detection accuracy across different input sources is summarized in Table 1. 

Table 1. Violation Detection Accuracy across Input sources 

Input Source: Detection Accuracy (%): 
Citizen Images 92 

Community Cameras 88  
Controlled Videos 95 

The privacy module was able to anonymize faces and plates very well and at the same time, it kept the encrypted 

originals for the authorized users. So, it was in line with India’s DPDPA-2023. Heatmaps generated using Leaflet.js 

were in line with the known accident-prone areas, thus, they were a support tool for planning insights, and user 

testing showed that users trusted the anonymization process and found the dashboard easy to use. 

The OCR performance under different conditions is presented in Table 2. 

Table 2. OCR License Plate Extraction Performance 

Condition: OCR Accuracy (%) 
Good Lightening 91 

Blurred Frames 52 

Tilted Plates 48 
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The     system kept its performance stable when it was tested under different real-world traffic situations. The 

conditions were changing viewpoints, motion, clutter, and illumination. Multi-source inputs allowed the system 

to robust generalization beyond controlled settings, while the hybrid cloud–edge deployment was there for 

continuous operation in low-bandwidth and semi-urban environments. Pre- and post-processing methods were 

also used to lower the number of false detections and increase the reliability of violation evidence, thus facilitating 

the system's practical     deployment. 

A comparison of YOLO model performance is shown in Table 3. 

Table 3. YOLO Model Performance Comparison 

Model: Precision (%): Avg. Inference Time (ms): Suitable For:  
YOLO V8 96  45 High Accuracy Cloud Detection 

YOLO V5 89 18 Low Bandwidth Edge Operations 

In short, TraffIQ was able to accomplish all of its primary objectives, i.e., precise detection, being able to withstand 

Indian conditions, handling privacy-safe evidence, being ready for the edge, and providing useful geo-analytics, 

thus, it is a very strong argument for the platform to be scalable and a citizen-driven traffic monitoring     platform. 

7 CONCLUSION 

TraffIQ     platform is a radical change in road safety management not only for India but for any other quickly 

urbanizing regions as well. In essence, the integration of AI-based multi-violation detection, citizen participation, 

privacy-preserving design, and geospatial analytics enables it to eliminate the shortcomings of traditional 

enforcement systems. While it is usually very expensive to install fixed infrastructures, TraffIQ, on the other hand, 

uses ordinary gadgets, community cameras, and edge–cloud processing to deepen the monitoring of the areas 

which were previously left out of. 

This system encourages the sharing of civic responsibility among the people while at the same time, it has 

strong privacy protections that are in line with India’s DPDPA-2023. The interactive heatmaps, trend analysis, and 

predictive insights give the authorities the power to move from being reactive in their responses to traffic planning 

which is proactive and leads to safer urban mobility. TraffIQ, as a tool for citizen-driven governance, is therefore 

endowed with reward-based participation and cross-domain civic reporting. In general, it is a scalable, inclusive, 

and future-ready model that not only strengthens smart-city initiatives but also makes a significant contribution to 

safer, more resilient     communities. 

8 FUTURE WORK 

TraffIQ     offers a solid fundament for community-driven violation reporting and still provides the possibility of 

higher intellect, automation, and wider deployment. Next-version features include secure integration with e-

challan systems for automatic penalty processing with minimal manual work, thus, increasing operational 

efficiency and response to frequent or severe violations. Improvements in the model will add the detection of 

seatbelt non-usage, mobile phone use, and wrong-lane driving—roadside accident major causes, according to 

MoRTH—and will be able to better performance in occlusion, crowds, and extreme lighting by employing 

transformer-based and multimodal models. The deployment throughout the district can also be extended utilizing 

low-power edge accelerators, solar community cameras, and mesh networks for uninterrupted monitoring even in 

areas with weak connectivity. Federated learning can be used to increase privacy as well as regional generalization 

without the need for raw data sharing. 

On top of that, advanced analytics may be instrumental in locating the most dangerous spots, determining 

the peak times of violations and identifying districts that need interventions, whereas 3D mapping or LiDAR can 

be a great help to enforcement in complicated road scenarios. The long-term vision is to create a national-scale 

violation dataset to facilitate research and collaboration among academia, industry, and government. In that 
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3. Bose, S., Kolekar, M. H., Nawale, S., and Khut, D., “LoLTV: A Low-Light Two-Wheeler Violation Dataset wi

Anomaly Detection Technique,” 2023 IEEE/CVF Conference on Computer Vision and Pattern Recognition Workshop

(CVPRW), 2023, pp. 3127–3136. 

Fuzzy Neural 

7. 
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scenario, TraffIQ will be able to transform into a powerful, scalable, and policy-compliant platform that supports 

India's smart mobility and public safety     vision. 
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