
Next-Gen Asset Management & Smart Equipment Maintenance
“AI and IoT in Predictive Maintenance: Maximizing Efficiency and 

Equipment Lifespan in Container Terminals”



TMT Terminal at a Glance

Largest Multipurpose Terminal

Handles container, general 
cargo, and 

RoRo in Alexandria, Egypt.

Strong Strategic Alliance

Collaboration between 
EGMPT and CMA Terminals.

Government & Private 
Partnership

EGMPT is the commercial arm 
of Egyptian 

Ministry of Transport,
CMA Terminal as global expertise.



Productivity  with Our Cutting-Edge Equipment - Phase 1
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STS Cranes
4 units

E-RTG Cranes
12 units

Reach Stackers 
4 units

Empty Handlers
3 units

Yard Tractors
27 units

Container Trailers
27 units

Forklifts
30 tons: 1 unit
7 tons: 1 unit
3 tons: 9 units

Ro-Ro Tractors
5 units

Breakbulk Trailers
8 units

Low Bed  Trailers
2 units



Introduction: Scope of Maintenance - Objectives



TMT Assets Maintenance Strategy 

• Transforming Maintenance with AI in Container Terminals.

AI: Smarter Maintenance for Terminals:
• Predictive AI prevents equipment failures. 
• Boosts CHE performance (reliability, lifespan, efficiency).
• TMT Terminal is leveraging AI to optimize.
• Reduces downtime & costs, critical for modern terminal operations.



Maintenance Strategies Chart
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Unplanned Maint.
Corrective Maint.

Breakdown Maint. 

Planned Maint. Preventive Maint.

Usage Based 
Maint. 

Time  Based
Maint. 

Predective Maint.

Thermography

Oil analysis

Vibration Analysis



What is the Preventive Maintenance: Key points

Planning and Scheduling
Inspection repair and 

Monitoring
Replacement of Critical 

Components

Data Analysis and 
Continuous Improvement

Performance 
Optimization

Team Training



Equipment KPIs: Availability and MMBF 



Equipment KPIs: MTTR and Utilization 



What Is Predictive Maintenance?

See, Hear, Analyze 
Prevent 

Important Tools For Predictive Maintenance:



Predictive Maintenance Tools: Boosting Reliability

Thermal 
Camera

Vibrational 
Analysis

Oil Sampling 
Analysis



Results:
• Reduced unplanned downtime
• Optimized resource utilization
• Improved safety and energy efficiency
• Sustainable asset management

TMT Terminal is leading this digital transformation—unlocking smarter, connected operations.

The Role of IoT in Predictive Maintenance

Smarter Cranes through IoT-Driven Predictive Maintenance  
Transforming Maintenance with IoT & AI:



Equipment IoT connection strategy
• IoT Sensors: Collect real-time crane data (vibration, temperature, etc.) – the foundation for predictive insights. 
• Data Cloud: Centralized, scalable platform to store and manage vast volumes of sensor data. 
• AI/Analytics: Process cloud data to identify patterns, predict failures, and determine optimal maintenance timing. 
• Predictive Maintenance: Shift from reactive/scheduled to proactive, condition-based maintenance decisions. 
• Strategic Impact: Optimizes maintenance strategy, reduces downtime, cuts costs, and boosts terminal efficiency. 

IoT and Ship to Shore Cranes

Cranes → Sensors → Data Cloud → AI/Analytics → Predictive Maintenance Decision



The Role of IoT in Predictive Maintenance



Predictive and AI: Automatic Diagnostic



Predictive and AI: Automatic Diagnostic



Predictive and AI: Random Forest and Ensemble Averaging

Graph: Visualizing Predictions & Uncertainty
• Green Dots: True (Actual) Values.
• Blue Dots: Random Forest Point Predictions.
• Blue Vertical Bars: Prediction Intervals

(The "Uncertainty"). 
• Interpretation: The length of the bar shows our confidence. 

Shorter bars = more confident predictions.
Ideally, the green dot falls within the blue bar.

Random Forest: The Prediction Engine
• Concept: An ensemble of multiple decision trees (hk​).
• Function: Predicts an outcome y^ ​ from IoT features x. 

• Example (Regression for "Time to Failure"): y^ ​(x)=M1 (where M is the number of trees)

Quantifying Uncertainty: Prediction Intervals
• Beyond y^ ​: We provide a Prediction Interval [PL​,PU​] to 

show the probable range of the true outcome.
• Benefit: Enables proactive, risk-aware maintenance 

scheduling and builds trust.



Conclusion 
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Thank  You



Any Questions? 
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