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Port Technologies

Mobile robotics and AI for 

new applications in port 

operations

Ship and Information 

Management

Software development with 

a focus on digital solutions 

for fleet management, ship 

operations and maritime 

services

Fraunhofer CML: Innovating the Maritime Sector
Research areas
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Ports and Transport 

Markets

Analysis and optimization 

of nodes in the maritime 

supply chain

Sea Traffic and Nautical 

Solutions

Technologies for 

autonomous systems and 

nautical assistance systems
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Fraunhofer CML and the Maritime Industry
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Focus on maritime logistics

Models closed to reality Research insights

• Mathematical models

• Classical algorithms

• Quantum & hybrid

Potential analysis 
Quantumcomputing

for real-world
use cases Industry partners

• Shipping and ports

• Providing use cases

• Getting scientific support
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Quantumcomputing
A very short introduction
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Potentials of Quantumcomputing

▪ Shorter calculation paths through a different calculation model

▪ Promisses better scaling for some specific problems

Tunnel effect:

Entangelment:

Superposition:

Qubits Bits

instead 

of
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Hardware
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Overview

Classical computer Digital annealer Quantum annealer
Universal quantum 

computer

Fujitsu IBM

NISQ
Fault 

tolerant

D-Wave

Technical maturity Potential
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Maritime Use Cases
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Some  of the optimization problems from the industry

Route Optimization

Crew PlanningCrane Scheduling
1 2 3 4

Berth Assignment

& 

Tug scheduling

Maritme Inventory Routing
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Fraunhofer Industrial Application Center Quantum Computing Hamburg
IQHH
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Maritime Logistik

Additive Produktion

Katalysatoren-Entwicklung

Medikamenten-Entwicklung
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Cargo Routing
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1
Input

▪ Designated ports and time windows

▪ Distances

▪ Possible velocity range

2

3

Scope

▪ Minimizing fuel consumption

▪ Complying with the orders / time constraints

Output

▪ Optimal route (port order)

▪ Ship velocity

▪ Fuel consumption

Minimal fuel consumption

© Fraunhofer CML, Harren Group

» Scope» 

Find  the optimal route and velocity for a 

minimal fuel consumption by delivering 

all orders  on time



OffenSeite

From Real-World Data to Problem Instances
Generating the cost matrix and time windows for a given velocity
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H
Example: n=3
1 Source port
3 Sink ports
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Input Calculation Output

Velocity 

range 𝑉 
Velocity 𝑣𝑖

Time matrix 

𝑍𝑖

Problem 

instance
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Ports and 

Distances

Time 

windows

Route

Velocity

Fuel 

consumption

Optimal  

Route

Route length 

𝑟𝑖

Fuel 

consumption 

𝑇𝑖

Approach: Travelling Salesperson Problem with Time Windows (TSPTW)
Hybrid model: Quantumannealing as a subroutine

Formulating 

as  TSPTW

Minimierung

Computational 
intensive
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Input Calculation Output

Velocity 

range 𝑉 
Velocity 𝑣𝑖

Time matrix 

𝑍𝑖

Problem 

instance
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Ports and 

Distances

Time 

windows

Route

Velocity

Fuel 

consumption

Optimal  

Route

Route length 

𝑟𝑖

Fuel 

consumption 

𝑇𝑖

Approach: Travelling Salesperson Problem with Time Windows (TSPTW)
Hybrid model: Quantumannealing as a subroutine

Formulating 

as  TSPTW

Minimzation
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Quantum 
Annealing
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Formalization and Different Mathematical Models
Travelling Salesperson Problem with Time Windows (TSPTW)
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1. Approach: Binary Linear Programming (BLP)
▪ Binary variables for edges and timestamps

▪ Time windows as constraints

→ Many mariables, less constraints

2. Approach: Integer Linear Programming (ILP)
▪ Binäre variables for edges

▪ Integer variables service, arrival and departure times 

→ Less Variables, many constraints

Quadratic Unconstrained Binary 
Optimization (QUBO) 
▪ Only binary variables
▪ Only quadratic terms
▪ Constraints with penalty terms  in 

the objective function

Transformation



OffenSeite

Formulierung als mathematisches Optimierungsproblem
Travelling Salesperson Problem with Time Windows (TSPTW)
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QUBO SolutionQuantum 
Annealing

BLP

ILP
Transformation
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First Calculations and Results
CPLEX vs. D-Wave Quanten-Annealer
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▪ First demonstration examples

▪ QUBOs with about 60 Variables

▪ CPLEX on a PC with Intel CORE i7

▪ ~2,5s  to an optimality gap of 5%

▪ D-Wave Quantenannealer Advantage (pure QPU)

▪ ~100ms pure annealing time 

▪ Optimal solution in 40% of the runs

▪ n=3,4,5 -> QUBO sizes 65, 104 and 165

▪ Connectivity 15
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Current Results and Outlook

Optimization problems from operations difficult to transform in QUBOs:

- Empiric determination of penatly terms for constraints

- Srongly coupled constraints challenging

Formulation sensitive: 

- Impacts number of binary variables

- implicit constraints lead to dense QUBO Matrixes

Quantum computers currently limited

Interaction between domain and method knowledge 

essential to get the best out of current hardware capacities

Future-oriented: focus on algorithms for foult tolerant quantum computers

1

2

3

4
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Contact
—

Dr.-Ing. Anisa Rizvanolli

Head of Team „Maritime Scientific 

Computing and Optimization“

anisa.rizvanolli@cml.fraunhofer.de

QSH project website

mailto:anisa.rizvanolli@cml.fraunhofer.de
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Whitepaper
4 Domains – 4 Use Cases

https://www.cml.fraunhofer.de/en/press/studies/report_quantum_computing

_in_industrial_applications.html
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