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1⃣ Industry 4.0 Big Picture 
Goal: Connect machines, people, and systems so data flows seamlessly, enabling 
automation, analytics, and intelligent decision-making. 

Key Pillars: 

1. Connectivity – Machines must send/receive data (PLC → MQTT, OPC UA, 
Modbus). 

2. Data Transport – Reliable communication channels (MQTT, Kafka, HTTP APIs). 
3. Data Processing – Clean, transform, and enrich data (Node-RED, Python, ETL). 
4. Visualization & Insights – Dashboards and HMI systems (Grafana, SCADA, BI 

tools). 
5. Automation & Control – Use insights to adjust equipment and processes (PLC logic, 

batch managers). 
6. Integration – Connect plant data with ERP, MES, CMMS, AI for full business value. 

 

2⃣ IIoT / Industry 4.0 Layer-by-Layer Framework 

 

Layer 1 – Data Source Layer (Physical World) 

Purpose: Capture real-world data from machines, processes, and environments. 
Why It Exists: Without accurate, timely data from the shop floor, higher-level systems have 
nothing to work with. 

Common Sources: 

• PLCs (Allen-Bradley, Siemens, Schneider) – Control & acquire data. 
• Sensors & Actuators – Temperature, pressure, flow, vibration. 
• DCS Systems – Distributed control for large plants. 
• Legacy Machines – Often require retrofit gateways. 

Protocols: 

• Modbus RTU/TCP – Simple, widely supported. 
• OPC UA – Secure, standardized, structured data. 
• Profinet / EtherNet/IP – Real-time Ethernet for automation. 



• MQTT (at edge) – For IoT-ready devices. 

Example from Your Projects: 

• Collected Modbus RTU data directly with Python & RS485 → bypassed PLC, low-
cost IIoT. 

 

Layer 2 – Connectivity Layer (Shop Floor → IT) 

Purpose: Transport data from the factory floor to higher-level IT/cloud systems. 
Why It Exists: Machines and cloud systems use different languages — this layer translates 
and ensures delivery. 

Approaches: 

1. Direct Protocol Access – OPC UA client connects directly to PLC. 
o Pros: Simpler architecture. 
o Cons: Poor for unstable or large-scale networks. 

2. Broker-Based Messaging – MQTT broker in between. 
o Tools: HiveMQ, EMQX, Mosquitto. 
o Pros: Buffering, multi-client support, easy scaling. 

Where Kafka Fits: 

• Kafka is a streaming backbone for high-throughput IT/cloud distribution. 
• Typical bridge: Device → MQTT Broker → Kafka Cluster → Analytics. 

Example from Your Projects: 

• Cloud-Connected PLC Pipeline – Node-RED → MQTT → HiveMQ Cloud. 
• Kafka-Based Streaming – Node-RED → Kafka → Multi-site data streaming. 

 

Layer 3 – Data Processing & Integration 

Purpose: Transform, clean, enrich, and route data between systems. 
Why It Exists: Raw data often needs formatting, merging, or filtering. 

Tools: 

• Node-RED – Low-code integration of protocols, APIs, and databases. 
• Python – Advanced logic, compliance (21 CFR Part 11), batch management. 
• Kafka Streams / ksqlDB – Real-time streaming transformations. 
• ETL Tools – Talend, Pentaho. 

Example from Your Projects: 



• Node-RED for PLC/Modbus → SQL Server flow. 
• Python Batch Manager → recipe logic outside PLC. 

 

Layer 4 – Data Storage 

Purpose: Keep historical data for trends, compliance, and analytics. 
Why It Exists: Not all insights happen in real-time. 

Databases: 

• Time-Series DB – InfluxDB, TimescaleDB (optimized for sensor data). 
• Relational DB – SQL Server, PostgreSQL. 
• Data Lakes – Raw data storage for later analysis. 
• Parquet – Efficient analytics file format. 

Example from Your Projects: 

• SQL Server logging for both MQTT & Kafka pipelines. 
• Parquet storage in Streamlit dashboard. 

 

Layer 5 – Visualization & Applications 

Purpose: Present data in human-readable form for monitoring and decision-making. 

Tools: 

• SCADA/HMI – Ignition, FactoryTalk View. 
• Dashboards – Grafana, Streamlit. 
• Custom UIs – Python/PySide apps. 

Example from Your Projects: 

• Central Grafana server → global access to plant dashboards. 
• Streamlit dashboard → integrated chat, logbook, maintenance tracking. 

 

Layer 6 – Security & Remote Access 

Purpose: Enable safe access to plant systems globally. 

Approaches: 

• VPNs – ZeroTier, OpenVPN. 
• Firewalls/NAT – Network protection. 



• User Access Control – Role-based permissions, audit trails. 

Example from Your Projects: 

• ZeroTier VPN for Kafka site connectivity. 
• Python RBAC system for regulatory compliance. 

 

Layer 7 – Business System Integration 

Purpose: Connect OT data to IT/business layers for full Industry 4.0 value. 

Examples: 

• ERP/MES automatically pulling production data. 
• Maintenance systems receiving IoT-triggered alerts. 
• AI/ML consuming IoT streams for predictive analytics. 

Example from Your Projects: 

• Kafka streams feeding remote sites for unified reporting. 

 

3⃣ Tool Categories and Purposes 
Instead of remembering tool names, remember the category: 

• MQTT Brokers: HiveMQ, EMQX → Publish/subscribe device messaging. 
• Streaming Platforms: Kafka, Confluent Cloud → High-throughput data pipelines. 
• Integration Tools: Node-RED, Python → Data routing & logic. 
• Visualization Tools: Grafana, Ignition, Streamlit → KPIs, trends, real-time 

dashboards. 
• Databases: SQL Server, InfluxDB → Historical data storage. 
• Security Tools: ZeroTier, VPN → Secure access. 

 

4⃣ Your Work Examples Mapped 
• Cloud-Connected PLC Pipeline: MQTT Broker + Node-RED + SQL Server + 

Dashboard. 
• Kafka-Based IIoT Streaming: Kafka Cluster + VPN + SQL Storage. 
• Modbus Without PLC: Python RS485 → Lightweight dashboard. 
• Python User Management: RBAC + Compliance + Minimal SCADA setup. 
• Python Batch Manager: Unlimited recipes, PLC-independent batch control. 
• Central Grafana: Global dashboard without local installations. 
• Smart IIoT Ops Dashboard: Parquet storage + LAN chat + shift logbook. 



 

5⃣ Learning Roadmap 
1. Industrial Basics → PLCs, SCADA, protocols (OPC UA, Modbus, MQTT basics). 
2. Connectivity → MQTT brokers, OPC UA clients. 
3. Streaming & Data → Kafka, databases (SQL, time-series DB). 
4. Data Processing → Node-RED, Python scripts. 
5. Visualization → Grafana, Ignition Perspective, Streamlit. 
6. Security → VPNs, ZeroTier, firewall configuration. 
7. Integration → MES, ERP connectors, AI/ML integration. 
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