
Summary :

BQPhy®’s QIEO solver enhances flight route optimization by overcoming traditional
constraints, enabling globally optimal paths in commercial and defense applications. It
reduces CO₂ emissions, fuel consumption, and flight time, improving operational efficiency
and enabling adaptive real-time decision-making. 
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Challenges and Computational Limitations

Optimizing flight trajectories involves navigating a multitude of constraints, including:

Air traffic deconfliction: Ensuring safe separation between aircraft, especially in congested or hostile
airspace.
Weather conditions and real-time rerouting: Adapting routes based on dynamic conditions.
Altitude and speed optimization: Balancing efficiency, stealth, and operational effectiveness.
Fuel efficiency and CO₂ emissions: Reducing operational costs and environmental impact.
Mission-critical defense operations: Optimizing UAV and reconnaissance aircraft routes to avoid threats
and improve target acquisition.

Traditional Gradient Descent-based algorithms and classical evolutionary algorithms struggle with large-scale,
multimodal optimization problems, often getting trapped in local minima and requiring excessive computational
resources. These inefficiencies increase mission risk in defense applications and lead to suboptimal flight paths
in commercial aviation.

Our Methodology: QIEO for Route Optimization

BQPhy’s Quantum-Inspired Evolutionary Optimization (QIEO) integrates quantum superposition and
entanglement into classical evolutionary algorithms, enhancing their ability to:

Explore larger solution spaces, identifying optimal flight paths for both civilian and defense applications.
Optimize multiple conflicting constraints simultaneously, improving strategic agility.
Overcome local minima, ensuring robust solutions for mission-critical operations.

By leveraging both classical high-performance computing and near-term quantum systems, QIEO provides
superior route optimization for commercial airlines and military missions alike.

Air traffic management and military route planning require advanced optimization techniques to balance safety,
efficiency, and mission-critical objectives. In commercial aviation, optimizing fuel consumption and flight times is
paramount, while in defense operations, real-time route optimization for UAVs, fighter jets, and surveillance
aircraft is essential for mission success, threat avoidance, and strategic efficiency.

Traditional computational models struggle to handle high-dimensional optimization problems with multiple
constraints, limiting the effectiveness of both commercial air traffic systems and military operations.
 
BQPhy’s Quantum-Inspired Evolutionary Optimization (QIEO) provides a transformative solution by integrating
quantum principles into trajectory planning, enabling highly efficient, adaptive, and scalable flight path
optimization for both industries.



Results in Airline and Defense Route Optimization

Figure: Optimal path for a flight (Left) and De-Conflicted paths for many flights (Right)

When applied to optimize European airspace flight routes, BQPhy’s QIEO solver demonstrated outstanding
performance, achieving:

18% reduction in CO₂ emissions (saving 220,000 kg of CO₂).
4% reduction in fuel consumption, saving approximately USD 70,000.
1% decrease in total flight time, reducing overall air traffic congestion.

For defense applications, QIEO’s capabilities extend to:

UAV and reconnaissance aircraft mission planning, optimizing routes to avoid radar detection and threats.
Combat aircraft and drone swarm coordination, ensuring efficient formation flight and dynamic threat avoidance.
Logistics and supply chain operations for military convoys, improving efficiency in fuel transport and personnel
movement.

Implications

The success of QIEO in airline trajectory optimization sets a precedent for broader applications in:
Defense and intelligence operations, optimizing strategic military movements with real-time adaptability.
Unmanned aerial vehicle (UAV) and drone logistics, improving mission success rates in surveillance and
reconnaissance.

Urban air mobility and smart cities, enhancing drone and air taxi networks.
Maritime and logistics industries, reducing costs and improving global supply chain efficiency.

As quantum computing evolves, QIEO will drive next-generation optimization, making aviation and defense
logistics more agile, efficient, and mission-ready.


