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Introduction

With the transformation of energy structures and the development of new power systems, situational awareness in
smart distribution grids has become a core technology for ensuring grid security and enhancing power supply reliability.
By integrating multi-modal data fusion, real-time monitoring, and intelligent prediction, situational awareness enables
power grids to shift from "passive response” to "active defense." It plays a pivotal role in addressing challenges such as




high-penetration renewable energy integration, diversified user demands, and explosive growth of power data.

This special column focuses on cutting-edge theories and engineering practices in situational awareness for smart
distribution grids, covering technical frameworks, data-driven modeling, predictive algorithm optimization, system
integration, and applications. It aims to advance the application of situational awareness technologies in fault diagnosis,
user service optimization, distributed energy coordination, and other scenarios. By bridging academia and industry, this
column will support the intelligent and low-carbon transformation of power systems under the "dual-carbon" goals.

Topics
1. Technical Frameworks and Data Fusion
®Acquisition and fusion methods for multi-source heterogeneous data (e.g., smart meters, PMUs, [oT terminals)
®Real-time data transmission and processing via 5G communication and edge computing
®Al- and big data-driven situational awareness models (e.g., random forest, deep learning)
2. State Understanding and Prediction
@®Distribution grid state diagnostics and risk assessment (e.g., voltage fluctuation, outage risk warning)
®User outage sensitivity analysis and complaint prediction models
®].o0ad forecasting and distributed energy coordination under high renewable energy penetration

3. System Development and Visualization
®Visualization modeling and human-machine interaction design for situational awareness
®0nline monitoring systems integrating smart terminals (e.g., sensors, UAVs) and control centers
®Fast fault location and self-healing control (e.g., "zero-perception” live-line maintenance)
4. Challenges and Innovations
® Algorithm optimization for high-redundancy data processing
®Network connectivity diagnostics and protocol debugging (e.g., SNMP configuration, version compatibility)
®Robustness of situational awareness systems under extreme weather or cyberattacks
5. Policy and Standardization

®Technical standards and evaluation frameworks for smart grid situational awareness
®(Global case studies (e.g., digital cable retrofitting, virtual power plant integration)
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