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Routing for Relief Efforts
Minimising Response Time in Natural Disasters 
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Motivation

• Rescue of people during natural 
disasters

• Minimizing Response Time

• Vehicle Routing Problem

Turkey Earthquake 2023 Destruction [im1]

Last-Mile Delivery Problem Instance Example [1]
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Research Question

Real World 
Data Routing Solving Visualization

Relief Routing Optimization

Distribution Network with arc lengths [1]
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Optimization under Uncertainty

Research Question

Real World 
Data Routing Solving Visualization

Relief Routing Optimization

𝑃 𝑋 = 𝐷𝑎𝑚𝑎𝑔𝑒[𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒]
> 𝑃 (𝑋 = 𝐷𝑎𝑚𝑎𝑔𝑒[𝐵𝑜𝑟𝑑𝑒𝑟])
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Optimization with Aerial Imaging

Optimization under Uncertainty

Research Question

Real World 
Data Routing Solving Visualization

Relief Routing Optimization

Change Detection in Remote Sensing [im2]
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Optimization with Aerial Imaging

Optimization under Uncertainty

Research Question

Real World 
Data Routing Solving Visualization

Relief Routing Optimization

Minimizing Response Time of Relief Vehicles
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Method – MinMax, MinSum
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• Network of Recipients
• Directed tours 
• Objective functions for optimization
• Minimization of the Maximum 

arrival time (MinMax) 
• Minimization of the Summation 

of arrival times (MinSum) 
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Method – Theoretical Considerations

• Graph-network 𝐺 = (𝑅, 𝐸,𝑊)
• Recipients 𝑅 = {𝑟!, … , 𝑟"}
• Edges 𝐸 = 𝑒#$ 𝑒#$ 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑠 𝑟#, 𝑟$ ∈ 𝑅, 𝑙 ≠ 𝑘}
• Weights 𝑊 = 𝑤#$ 𝑤#$ 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑠 𝑡𝑜 𝑒%$}

• Capacity: 
• ∀ 𝑉𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑛&, ∃ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑐&
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• Weights 𝑊 = 𝑤#$ 𝑤#$ 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑠 𝑡𝑜 𝑒%$}

• Capacity: 
• ∀ 𝑉𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑛&, ∃ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑐&

+ Feasibility: 
• Vehicle 𝑛& can reach recipient 𝑟%

+ Demand:
• ∀ 𝑅𝑒𝑐𝑖𝑝𝑖𝑒𝑛𝑡𝑠 𝑟%, ∃ 𝑑𝑒𝑚𝑎𝑛𝑑 𝑑%

+ Deadline:
• ∀ 𝑅𝑒𝑐𝑖𝑝𝑖𝑒𝑛𝑡𝑠 𝑟%, ∃ 𝑑𝑒𝑎𝑑𝑙𝑖𝑛𝑒 𝑡%
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Method – Programmatical Implementation
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TSP, MinMax and MinSum with Notes [2]
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• Integration of
• Capacities
• Feasibilities
• Demands
• Deadlines

https://earthquake.usgs.gov/fdsnws/event/1/ 

https://api.openrouteservice.org/

https://wiki.openstreetmap.org/wiki/API

https://leafletjs.com/

https://github.com/python-
visualization/folium
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Method – Programmatical Implementation
|-API

|

|

|

|-Routing

|

|

|

|-Solver

|

|

|-Instanciation

|
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|
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|-Directional
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|-Distantial

|-Carthography
|-Routing
|-Seismic

|-Depot
|-Vehicle 
|-Capacities

TSP, MinMax and MinSum with Notes [2]
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• Integration of
• Capacities
• Feasibilities
• Demands
• Deadlines
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Experiments

• Theoretical Setting:
• Graph with 1 depot and 4 recipients
• Different distances
• Uniform capacities
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Experiments

• Real-World Setting
• Graph with 4 recipients
• Real-world coordinates
• Capacitated MinSum insertion algorithm
• 2 vehicles
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Conclusion

• Relief Routing with MinMax and MinSum Algorithms
• Integration of additional heuristics: Feasibilities, Demand, Deadlines
• Embedding of Cartography and Seismic activity with real-world and 

live data
• End-to-End Integration: Instantiation à Visualization

• Future Work: Dealing with Uncertainties, Extensive Experiments
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𝑃 𝑋 = 𝐷𝑎𝑚𝑎𝑔𝑒[𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒]
> 𝑃 (𝑋 = 𝐷𝑎𝑚𝑎𝑔𝑒[𝐵𝑜𝑟𝑑𝑒𝑟])
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Thank you

Contact: m.beese@campus.tu-berlin.de
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Backup – Feasibilities & Deadlines
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Backup – Cost Algorithms
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Backup – TSP vs. MinMax or MinSum
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Backup – VRP vs TSP
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