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1. INTRODUCTION  

“Next-generation AI” (sometimes called “next-gen AI” or “advanced AI agents”) refers to AI systems that go beyond narrow, task-specific models and 

toward more capable, flexible, and integrated intelligence. Rather than being confined to one domain (e.g. image classification or language modeling), 

next-gen AI aims to combine reasoning, multi-modal perception (vision, language, audio, etc.), planning, tool use, memory, adaptability, and interaction 

in more human-like fashion. 

In many visions, next-gen AI is viewed as a stepping stone toward artificial general intelligence (AGI)—systems that can understand, learn, and act 

across a broad range of tasks and contexts with adaptability similar (though not identical) to humans. 

2. EVOLUTION OF NEXT-GEN AI 

 The evolution toward next-gen AI has been gradual but accelerating. Early AI systems were symbolic—rule-based expert systems—rigid and 

brittle. Over time, statistical machine learning took over, enabling models to learn from data rather than rely on hand-coded logic. The arrival of deep 

learning and representation learning enabled breakthroughs in perception and generation. The transformer architecture, with its self-attention mechanism, 

made large language models (LLMs) effective and scalable. More recently, AI systems have been extended via tool integration (APIs, plugins), memory 

and retrieval, multi-modal fusion, agent frameworks, and reinforcement learning. A recent proposal along these lines argues that next-gen AI agents will 

integrate multi-domain abilities—text, vision, action, planning—to approach artificial general intelligence (AGI). 

3. METHODOLOGIES AND TECHNOLOGIES USED 

Key methodologies and technologies enabling next-generation AI include: 

• TRANSFORMER AND ATTENTION ARCHITECTURES that capture long-range dependencies. 

• MULTI-MODAL NEURAL NETWORKS that fuse inputs from vision, language, and other modalities. 

• MEMORY AND RETRIEVAL MODULES allowing models to query external knowledge or their own past experiences. 

• AGENT ARCHITECTURES AND TOOL USE, enabling the AI to plan sequences of actions and call APIs or external systems. 

• REINFORCEMENT LEARNING AND PLANNING, for goal-directed behavior rather than purely reactive output. 

• MODULAR DESIGNS (e.g. mixture-of-experts, specialized submodules) that help scale, specialization, and dynamic routing. 

• CONTINUAL LEARNING AND ADAPTATION, so the system can evolve over time without catastrophic forgetting. 

• HYBRID MODELS COMBINING PHYSICS OR DOMAIN MODELS WITH NEURAL CORRECTIONS, especially useful in 

scientific domains. 

4. ADVANTAGES AND DISADVANTAGES IN TODAY’S WORLD 

4.1 ADVANTAGES/ POTENTIAL BENEFITS 

• GREATER GENERALITY AND FLEXIBILITY Next-gen AI can work across domains—language, vision, reasoning—making it more 

useful for varied real-world tasks. 
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• AUTOMATION OF COMPLEX WORKFLOWS It can plan, reason, and chain actions (using tools), automating tasks that previously 

required human coordination. 

• IMPROVED DECISION SUPPORT Such systems can integrate diverse data and provide recommendations, predictions, or insights that 

help humans make better decisions. 

• PERSONALIZATION AND ADAPTABILITY Because these models can learn and adapt, they can customize themselves to users’ needs, 

improving over time. 

• EFFICIENCY IN SCALE AND REACH Organizations can deploy a single model for many tasks, reducing the need for building many 

narrowly specialized systems. 

• SCIENTIFIC DISCOVERY & INNOVATION Next-gen AI can help accelerate research (e.g. in biology, medicine, climate science) by 

integrating knowledge, generating hypotheses, and guiding experiments. 

• BRIDGING RESOURCE CONSTRAINTS In domains lacking expertise or infrastructure, powerful AI can help bridge gaps (e.g. 

diagnostics in remote regions, environmental monitoring). 

4.2 DISADVANTAGES/ RISKS AND CHALLENGES 

• BIAS, FAIRNESS, AND REPRESENTATIONAL HARMS More powerful systems can unintentionally amplify biases present in training 

data, leading to unfair outcomes. 

• LACK OF EXPLAIN ABILITY AND TRANSPARENCY As models grow more complex and integrated, understanding why they made a 

decision becomes harder, which is problematic in critical domains. 

• OVER-DEPENDENCE AND DE-SKILLING Users or organizations might become overly dependent on AI, losing human expertise or 

oversight. 

• SECURITY, MISUSE, AND ADVERSARIAL VULNERABILITY More powerful AI could be misused (e.g., generating disinformation, 

deepfakes, malicious code). Also, adversarial attacks might trick the model. 

• RESOURCE COST AND ENERGY CONSUMPTION Training and running large next-gen systems demand massive compute and energy, 

which has environmental and economic costs 

• ALIGNMENT AND CONTROL Ensuring that the system’s goals align with human values is non-trivial. There’s risk of unexpected 

behavior if misaligned. 

• DATA PRIVACY AND CONSENT These systems often require large amounts of data, raising concerns about user privacy, consent, and 

data security 

5. USE OF NEXT-GEN AI IN AIR QUALITY ANALYTICS 

 In the domain of air quality analytics, next-generation AI offers exciting possibilities. Air pollution systems involve complex interactions 

over space and time: emissions, meteorology, chemistry, human activities, measurement errors. Traditional atmospheric models are powerful, but limited 

by coarse resolution, uncertainties in emissions, or computational burdens. Next-gen AI can help in many ways: 

• DATA FUSION AND CALIBRATION: combining low-cost sensors, reference stations, satellite data, meteorological inputs, and 

adjusting for sensor drift. 

• EMISSION INFERENCE: using computer vision on high-resolution satellite or aerial imagery to detect vehicles or industrial sources 

and estimate emissions (e.g. recent work using YOLO object detection to build dynamic emission inventories) 

• SPATIO-TEMPORAL FORECASTING: deep models (e.g. convolutional + attention + graph networks) can predict pollutant levels 

across time and space, even in unmonitored regions. 

• HYBRID MODELING: combining physical chemical models with neural correction modules to reduce residual error and maintain 

interpretability. 

• SCENARIO SIMULATION AND DECISION SUPPORT: what-if analyses of traffic restrictions, emission policies, or industrial 

regulation. 

• HEALTH EXPOSURE AND RISK MODELING: fusing population data, mobility, pollution forecasts to estimate exposure and 

possible health impacts. 

• REAL-TIME DASHBOARDS AND ANOMALY DETECTION: issuing alerts when pollution spikes or unusual patterns arise. 
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For instance, a model called “GreenEyes” combines a WaveNet backbone with LSTM and attention to forecast air quality in a fine temporal scale arXiv. 

In a systematic review, AI techniques (machine learning, deep learning) have been shown to outperform traditional regression models in air pollution 

forecasting, especially when integrating multiple data sources; but authors emphasize that interpretability, robustness, and generalization remain 

challenges 

6. A PRACTICAL IMPLEMENTATION OF USING NEXT GEN AI 

 Project “Next-Gen Air Quality Analytics: Predicting Environmental Health Hazards With AI” presents an intelligent framework that combines 

real-time sensor networks, satellite imagery, weather data, and urban activity metrics to forecast pollution patterns, pinpoint emission sources, and assess 

exposure risks. Using machine learning and predictive modeling, it issues early alerts while improving awareness for governments, industries, and 

communities. This system supports evidence-based public health policy and interventions, with applications spanning smart cities, disaster resilience, 

environmental regulation, and climate adaptation. By embedding AI into air quality analytics, the approach marks a shift from reactive response to 

proactive environmental health management. 

7. MODULE DESCRIPTION 

• DATA COLLECTION: Collects real-time and historical air quality and weather data from multiple sources.  

• DATA PREPROCESSING: Cleans and prepares data for modeling by handling missing and noisy values.  

• POLLUTANT FORECASTING: Predicts future pollutant concentrations using time-series LSTM models.  

• HEALTH RISK CLASSIFICATION: Classifies health risk levels based on pollutant predictions using machine learning.  

• VISUALIZATION AND ALERTS: Provides dashboards and real-time notifications to users and authorities.  

• MODEL EVALUATION AND IMPROVEMENT: Continuously assesses and optimizes model performance. 

8. INPUT DESIGN 

 The system gathers input from diverse and reliable data sources to ensure high accuracy and comprehensive coverage. IoT-enabled air quality 

sensors deployed in urban and semi-urban regions continuously monitor key pollutants such as PM2.5, PM10, NO₂, O₃, and CO. These sensor readings 

are further complemented by data from weather stations, which provide meteorological parameters like temperature, humidity, wind speed, and rainfall. 

Additionally, satellite imagery and remote sensing technologies are integrated to capture large scale environmental and geographical variations in air 

quality. All incoming data is aggregated in real time, preprocessed to remove noise or missing values, and normalized into a structured format suitable 

for predictive modeling. This robust input design ensures that the system is capable of handling heterogeneous datasets while maintaining accuracy, 

reliability, and scalability across multiple regions.  

https://arxiv.org/abs/2212.04175?utm_source=chatgpt.com


International Journal of Research Publication and Reviews, Vol 9, Issue 10, pp 2556-2561October, 2025                                      2559 

 

 

 

9. OUTPUT DESIGN 

 The output of the system is designed to be user-centric, actionable, and easily interpretable for both individuals and authorities. A Flask-based 

interactive dashboard forms the core output interface, presenting pollutant forecasts, AQI trends, and health risk classifications (Low, Moderate, High, 

Hazardous) in real time. The dashboard provides visual graphs, time-series charts, heatmaps, and comparative analysis between predicted and observed 

values for intuitive understanding. Alongside the web-based dashboard, a web application delivers instant notifications and health recommendations 

tailored to at-risk populations. Real-time alerts are generated whenever pollution thresholds exceed safe limits, ensuring timely preventive actions by 

citizens, industries, or government agencies. The outputs are further extendable to public APIs, enabling integration with smart city platforms, healthcare 

systems, and policy-making tools. Overall, the output design empowers stakeholders to make proactive, data-driven decisions to mitigate environmental 

health risks. 
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10. TECHNOLOGY STACK USED 

     The system employs a modern and flexible technology stack: 

• Hardware: IoT-based air quality sensors (e.g., SDS011, MQ-135) 

• Backend: Python, Flask/Django for APIs 

• Machine Learning: Scikit-learn, TensorFlow for predictive modeling 

• Database: Firebase, MongoDB for real-time and scalable data storage 

• Frontend: React.js or Angular for dynamic UI 

• Cloud & Hosting: AWS/GCP for deployment, real-time data processing 

• Visualization: Plotly,D3.js for interactive charts and maps 

11. DATA FLOW DIAGRAM 
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12. CONCLUSION 

 This research presents a forward-thinking approach to air quality analytics by integrating AI and IoT technologies. Unlike traditional systems, 

this AI-powered platform offers real-time insights, predictive analytics, and enhanced accessibility. By democratizing air quality data and providing early 

warnings, the system empowers individuals, communities, and policymakers to take timely action against pollution. The approach demonstrates a scalable, 

cost-effective, and intelligent solution to one of the most critical environmental challenges of our time. 

13. FUTURE ENHANCEMENT 

Integration with Satellite Data: To improve coverage and accuracy, especially in remote areas. 

Personalized Health Recommendations: Tailoring advice based on individual health profiles. 

Enhanced Mobility Solutions: Integrating with traffic systems for pollution-aware route suggestions. 

 Edge AI Deployment: Running AI models directly on local devices/sensors to reduce latency. 

Global Data Collaboration: Creating open platforms to share air quality data across countries. 
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