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1. Smart Computer Vision for Fire Hazard Quantification
Motivation Demonstration

Fire Detection
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= Early detection reduces fire spread and damage.
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= Fire quantification help protect lives and property.

= Current methods have limitations (Fig. 1).
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Fig. 1-1. Traditional fire detection methods Fig. 1-3. The results of fire hazard quantification
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Fig. 1-2. Framework of CV-based fire hazard quantification. [3] Wang et al. (2023) Fire Safety Journal, 140: 103891.
2. Al Forecast of Critical Fire Events
Motivation Demonstration

= Importance of real-time prediction for critical fire events

= Recognition of flashover and backdraft risks for safe
firefighting decisions.

i
= Difficulty in predicting complex critical fire events using !
explicit formulas.
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Fig. 2-3. Demonstration of the fire forecast with multiple-scale tests
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Fig. 2-2. Framework of the Al-based critical fire event prediction method [°] Khan et &l. (2023), Process Saf Enviren Prot, 177, 1294-1306.
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Current fire safety design process suffers from time-
consuming and computational-expensive analysis of fire-

: With Al method, computational time of performance-based
1

: smoke behaviours, as well as intensive workloads and

1
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fire analysis can be reduced from days to seconds, and

inevitable human errors due to manual preparation of the
engineering drawings.

time for fire service system designs can be reduced by 76%.

Deep-learning Models
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Fig. 3-1. Framework of Al-powered fire safety design.
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No. of rooms: 48

Floor area: 1841 m?

Coverage: 98.9%
No. of heads: 189

4. Intelligent Digital Twin For Building Fire Management

Effective fire safety management are essential to

Coverage: 98.6%
No. of heads: 170

Fig. 3-3. Al-generated fire sprinkler layout drawing.
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Four Layers in Intelligent Digital Twin system

| |

: minimize fire hazard. Emerging technologies like : 1. Sensing Layer for data collection from physical environment;
: Artificial Intelligence of Things (AloT) and Digital : 2. Network Layer for signal transmission of different layers;

: Twin are promised that is widely used in the near : 3. Virtual Layer for data management and functional realization;
:_ future to improve fire safety. I 4. User Layer for delivering services to end users.
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Fig. 1. Schematic of AloT-powered intelligent digital twin for building fire management.
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Fig. 3. Smart Tunnel Fire Digital Twin System

Fig. 2. Artificial-Intelligence Digital Fire System



