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@ Overview

By leveraging advanced artificial intelligence and machine learning algorithms, our
system transforms raw video feeds from expressway cameras into actionable insights,
playing a crucial role in the development of a comprehensive Intelligent Transportation
System (ITS). The Al Vehicle Tracking System serves as the eyes and brain of your ITS,
continuously monitoring traffic flow, detecting incidents, and providing real-time
analytics. When installed on our high-performance Al box, this software processes
multiple video streams simultaneously, offering unparalleled accuracy in
vehicle detection, classification, and tracking. As a cornerstone of modern ITS
infrastructure, our system enables traffic management centers to:

+ Optimize traffic flow and reduce congestion

« Enhance road safety by quickly identifying and responding to incidents

« Improve emergency response times

« Gather valuable data for long-term transportation planning

« Secure all data transmitted, stored, and processed through the installed Al box
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@ Detailed Feature

1. Advanced Vehicle Detection and Tracking

« Multi-object tracking with 99.9% accuracy

« Real-time vehicle counting and classification
« Lane change detection and analysis

« Speed estimation for individual vehicles

2.Traffic Incident Detection and Analysis

Our Al Vehicle Tracking System now includes advanced video analytics specifically
designed to detect and classify various traffic incidents. This feature significantly
enhances the system'’s ability to maintain safe and efficient traffic flow on expressways.

« Congestion Detection: The system can identify areas of heavy traffic and potential
bottlenecks in real-time, allowing for proactive traffic management.

« Accident Detection: Quick identification of collisions or accidents, enabling rapid
dispatch of emergency services and implementation of traffic diversion strategies.

« Wrong-Way Driver Alert: Immediate detection of vehicles traveling in the wrong
direction, a critical safety feature for preventing potentially catastrophic head-on
collisions.

* Road Debris Detection: The system can spot objects that have fallen onto the
expressway, alerting maintenance crews to remove potential hazards quickly.

 Smoke and Fire Detection: Early warning system for smoke or fire along the
expressway, crucial for preventing larger incidents zand ensuring driver safety.

3. Traffic Flow Analysis

* Real-time congestion detection and mapping
« Traffic density estimation
« Travel time prediction for route segments

4. Environmental Monitoring

* Integration with weather sensors for road condition analysis
« Visibility assessment for fog and heavy rain scenarios

5. Al-Powered Analytics

« Predictive analytics for traffic patterns
« Anomaly detection for identifying unusual traffic behavior
* Machine learning models that continuously improve system accuracy
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6. Data Visualization and Reporting

« Customizable dashboards for real-time monitoring
« Automated report generation for traffic statistics
« Heat maps for congestion and incident-prone areas

7. Scalable Architecture

« Support for thousands of cameras across vast expressway networks
« Edge computing capabilities for reduced latency
« Cloud integration for centralized data storage and analysis

8. Open APl and Integration

« Easy integration with existing ITS components
« Support for standard protocols (ONVIF, RTSP)
« RESTful API for third-party application development

9. Advanced Encryption and Security

«  Asymmetric Encryption: RSA 1024-bit/ 2048-bit/ 3072-bit/ 4096-bit with PLCS #1 V1.5
standard, utilizing RSASSA-PKCSI1-vI_5 scheme for digital signatures and verification

«  Symmetric Encryption: 256-bit AES, CBC mode (using PCKS5Padding for block
padding)

« Secure Hash Algorithm: SHA-256

« Key derivation: PBKDF2, utilizing HMAC-SHA-256 for key stretching

@ Overall System and Network Architecture

Our Al Vehicle Tracking System is designed for seamless integration and scalability:

Network
Architecture

Storage Layer

Central Processing Layer

— Central Processing Layer

Metwork Layer

Edge Layer
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______________________________________________________________________________________________________|
1. Edge Layer
The edge layer is the foundation of the system, consisting of:

« Al Boxes: These are powerful computing devices installed at strategic locations
along the expressway

They serve as the primary processing units for nearby cameras.

« Camera Connections: The Al Boxes connect directly to nearby cameras through
fiber optic or wireless links, ensuring high-speed data transmission

- Edge Processing: This layer performs real-time analysis and generates low-latency
alerts, enabling quick responses to traffic incidents.

2. Network Layer

The network layer facilitates communication between the edge devices and central

servers:

« High-Speed Backbone: A fiber optic network forms the backbone, connecting Al
Boxes to central servers for data transmission.

+ Redundant Paths: Multiple network paths ensure high availability and prevent
system downtime

+ Secure VPN Tunnels: Data is transmitted through secure VPN tunnels to maintain
privacy and security.

3. Central Processing Layer

This layer handles the bulk of data processing and advanced analytics:

« High-Performance Servers: These servers aggregate data from multiple Al Boxes
and perform complex analytics.

+ Load-Balanced Cluster: A cluster of servers distributes the workload to handle
large-scale data processing efficiently

« GPU Acceleration: GPUs are utilized to execute complex Al models, enhancing the
system'’s analytical capabilities.

4. Storage Layer
The storage layer manages the vast amount of data generated by the system:

- Distributed Storage: This system allows for long-term data retention across
multiple storage devices

- High-Speed SSD Arrays: SSDs provide quick access to real-time data for
immediate analysis.

« Backup and Recovery: Automated systems ensure data integrity and enable
disaster recovery.
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5. Presentation Layer

This layer makes the processed data accessible to end-users:

Web Interface: A web-based interface allows traffic management centers to
monitor and control the system

Mobile Apps: These provide on-the-go monitoring and alert capabilities for field
personnel.

Video Walls: Large-scale displays offer comprehensive situational awareness in
control centers

6. Integration and Scalability

The architecture is designed to be scalable and integrable:

Open APIs: The system provides APIs for easy integration with existing ITS
components and third-party applications

Standard Protocols: Support for protocols like ONVIF and RTSP ensures compatibility
with various camera systems

Cloud Integration: The architecture allows for cloud integration, enabling
centralized data storage and analysis across vast expressway networks.

This layered architecture ensures that the Al Vehicle Tracking System can efficiently
process data from thousands of cameras, provide real-time insights, and scale to
meet the needs of large expressway networks. The combination of edge computing
and centralized processing allows for both rapid response to local events and
comprehensive analysis of traffic patterns across the entire system.

@ Use Cases and Applications

1. Intelligent Traffic Management

Dynamic lane allocation based on real-time traffic conditions
Adaptive traffic signal control for optimal flow
Automated congestion detecztion and mitigation strategies

2. Incident Response and Safety

Rapid detection and verification of accidents
Automatic dispatch of emergency services to precise locations
Real-time route guidance for emergency vehicles
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3. Law Enforcement Support

« Automated license plate recognition for vehicle tracking
+ Speed limit enforcement and violation detection
« Support for AMBER Alert and other public safety initiatives

4. Transportation Planning

« Long-term traffic pattern analysis for infrastructure planning
« Origin-destination studies using anonymized vehicle tracking data
« Environmental impact assessments of traffic on air quality

5. Public Information Service

+ Real-time travel time estimates for commuters
« Integration with navigation apps for route optimization
« Public-facing web portals for traffic condition updates

6. Commercial Fleet Management

« Integration with logistics systems for optimized routing
« Real-time tracking of commercial vehicles
« Performance analysis for transportation companies

7. Research and Development

« Data provision for academic studies on traffic behavior
« Testing ground for autonomous vehicle technologies
« Continuous improvement of traffic simulation models
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