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Context Background
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High-Throughput, Automated Data Acquisition
Real-Time Edge Data Processing
Advanced Spectral Analysis & Deconvolution
Automated Structure Elucidation
Multi-Technique Data Fusion
Quantum-Enhanced Simulation & Analysis
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Intelligent Data Compression & Management
Conversational AI & Expert Assistance
Multi-Modal Visualization & Immersive Analytics
Predictive & Prescriptive Analytics
Regulatory Compliance & Data Integrity
Scalable, Cloud-Enabled Collaboration
Knowledge Management & Reuse
Energy-Efficient, Sustainable Operations
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Use cases

Context Background
Status-quo: WiP 

Capabilities

High-Throughput, Automated Data Acquisition

Automated sample changers and robotics for continuous operation.
Parallelized acquisition protocols for multiple samples or experiments.
Integrated scheduling and queue management for optimal instrument use.

Real-Time Edge Data Processing

FPGA-based signal filtering, baseline correction, and noise reduction at acquisition.
On-the-fly feature extraction (peak detection, integration) before data transfer.
Immediate anomaly detection and feedback to the operator.

Advanced Spectral Analysis & Deconvolution

AI/ML-driven peak picking and multiplet assignment in complex spectra.
Automated deconvolution of overlapping signals and mixture analysis.
Context-aware error correction and confidence scoring.



Automated Structure Elucidation

Structure proposal and ranking algorithms based on spectral data.
Automated correlation of NMR signals with chemical structures.
Integration with chemical databases for dereplication and validation.

Multi-Technique Data Fusion

Synchronized acquisition and alignment of NMR with MS, IR, UV-Vis, or imaging data.
AI-driven cross-correlation and feature matching across modalities.
Unified visualization and reporting of fused multi-modal datasets.

Quantum-Enhanced Simulation & Analysis

Quantum computing algorithms for simulating large spin systems.
Modeling of quantum effects (entanglement, decoherence) in NMR spectra.
Hybrid quantum-classical workflows for spectral prediction.

Adaptive, Closed-Loop Experimentation

Real-time adjustment of pulse sequences and acquisition parameters based on live data.
AI-driven decision-making for experiment optimization.
Automated re-calibration and troubleshooting during runs.

Intelligent Data Compression & Management

Context-aware, lossless compression of raw and processed NMR data.
Feature-based data reduction (retaining only essential spectral information).
Automated data cataloging and indexing for efficient retrieval.

Conversational AI & Expert Assistance

Embedded LLMs for real-time, natural language Q&A and guidance.
Automated generation of experiment summaries and documentation.
Contextual suggestions for next steps or troubleshooting.

Multi-Modal Visualization & Immersive Analytics

3D visualization of molecular structures and spectral data overlays.
VR/AR interfaces for interactive exploration and annotation.
Real-time collaborative analysis in immersive environments.

Predictive & Prescriptive Analytics

AI models to forecast experiment outcomes and spectral features.
Prescriptive recommendations for experiment design and parameter selection.
Scenario simulation for “what-if” analysis.

Regulatory Compliance & Data Integrity

Automated audit trails and electronic signatures for all data actions.
Real-time data integrity checks and validation.
Compliance reporting aligned with industry standards (e.g., GMP, GLP).

Scalable, Cloud-Enabled Collaboration

Secure cloud storage and sharing of NMR and multi-modal data.
Real-time collaborative analysis and annotation tools.
Federated learning and analytics across distributed sites.

Knowledge Management & Reuse

AI-powered semantic search across experiments, spectra, and reports.
Automated knowledge graph construction linking data, methods, and outcomes.
Reuse of validated workflows and best practices.

Energy-Efficient, Sustainable Operations

Deployment of low-power FPGAs and edge devices for data processing.



Smart scheduling to minimize instrument idle time and energy use.
Monitoring and reporting of energy consumption and sustainability metrics.
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