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1. Introduction 

Stage automation systems must operate reliably in environments where performers and 

technicians may be working close to moving machinery. To minimise the risk of dangerous 

failures, safety systems often incorporate redundancy and fault detection mechanisms. 

Redundancy ensures that a single component failure does not lead to loss of safety function. 

Fault detection allows the system to recognise failures and respond appropriately. 

These principles are fundamental to modern automation safety systems. 

 

2. What is Redundancy? 

Redundancy involves providing multiple independent components that perform the same safety 

function. 

If one component fails, another component can continue to maintain the safety function. 

Examples include: 

• dual safety channels in emergency stop circuits 

• redundant safety controllers 

• multiple position sensors 

• dual braking systems 

Redundant designs greatly reduce the probability of dangerous failures. 

 

3. Types of Redundancy 

Redundancy can be implemented in several ways. 

Hardware Redundancy 

Multiple hardware components perform the same function. 

Example: two independent safety relays monitoring the same circuit. 

Sensor Redundancy 

Multiple sensors measure the same parameter. 



Example: two position encoders monitoring stage lift movement. 

Control System Redundancy 

Two independent controllers monitor each other to detect faults. 

Example: redundant safety PLC architecture. 

 

4. Fault Detection 

Fault detection systems monitor safety components and identify failures that could 

compromise safety. 

Typical detection methods include: 

• monitoring signal discrepancies 

• cross-checking redundant sensors 

• diagnostic monitoring in safety controllers 

• self-test routines in safety devices 

When a fault is detected, the system moves to a safe state, usually by stopping motion. 

 

5. Standards 

Redundancy and fault detection are fundamental concepts within safety standards such as: 

• ISO 13849 

• EN IEC 61508 

• BS EN 17206 

These standards define design principles and reliability requirements for safety-related control 

systems. 

 

6. Application in Stage Automation 

Examples of redundancy in theatre automation systems include: 

• dual-channel emergency stop circuits 

• redundant safety PLC architectures 

• multiple limit switches for motion limits 

• dual braking systems for stage lifts 

These systems ensure that a single failure does not result in uncontrolled movement of 

machinery. 

 



7. Benefits of Redundant Safety Systems 

Redundancy improves safety by: 

• reducing the probability of dangerous failures 

• allowing faults to be detected quickly 

• preventing unsafe system operation 

This is particularly important in stage automation systems where heavy loads may be 

suspended above performers. 

 

8. Practical Takeaways 

• Redundancy ensures safety functions remain operational after component failures. 

• Fault detection systems identify problems before hazards occur. 

• Modern safety controllers monitor multiple channels simultaneously. 

• Redundant designs are essential for high-reliability automation systems. 
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