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Earth Observation (DLR Mission EnMap, Bosporus, 
Istanbul)
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https://www.enmap.org/

RGB Visible Light

(vegetation highlighted)
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Earth Observation

Algorithms and processes

to analyse EO Data

ÁRadar sensing

ÁOptical sensing

ÁRemote sensing the atmosphere

ÁBig Data Analytics and Artificial Intelligence
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Ground subsidence, measured by 

radar satallites

Gas storage

Wilhelmshaven

Ground segmentation in 17 classes
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Credit: PIXNIO Wikipedia CC-BY-SA-3.0

Wikipedia CC-BY-2.0EU CC-BY-ND-2.0

Disaster 
management

Urban 
development

Public 
education

Public health
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How HPC?

terrabyte [1]

Á16 GPU nodes (with multiple GPUs)

Á60 CPU nodes (with multiple CPUs)

Á40PB GPFS storage system
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[1] https://www.lrz.de/presse/ereignisse/2021-07-22-

terrabyte_ENG_/
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TUM IGSSE Project @ LRZ ɀ4D City (SuperMUC)

Calculation for every single pixel = solving optimization 
problem with a matrix dimension of ca. 102× 106

since 2012, 26mio CPU hours granted

Why HPC?  

TUM IGSSE Project @ LRZ ɀ4D City (SuperMUC)

Calculation for every single pixel = solving optimization 
problem with a matrix dimension of ca. 102× 106

since 2012, 26mio CPU hours granted

© Xiaoxiang Zhu, TUM
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Overview
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EO-Data

= BigData

Combinatorial- and 

Optimization problems

Classification and Simulation

with Machine Learning
Data Encoding
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Quantum?
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EO-Data

= BigData

Combinatorial- and 

Optimization problems

Classification and Simulation

with Machine Learning
Data Encoding
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Machine Learning for Classification
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Local Climate Zone(LCZ) -based Land Cover Classification

ÁData:

ÁSo2Sat LCZ42 (Sentinel-2, 10 Bands) [1]

Á10.000 labelled patches 

ÁCategories:

[1] X. X. Zhu, J. Hu, C. Qiu, Y. Shi, J. Kang, L. Mou, H. Bagheri, M. H ↓aberle, Y. Hua, R. 

Huang, et al., ñSo2sat lcz42: A benchmark dataset for global local climate zones 

classification,ò

Experiments with Multispectral EO data 
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Predicted 

class 

Quantum Classical-CNN for Multispectral Data

Model:

ÁTwo quantum convolution layers 

and each layer applies 2 kernels

ÁNoiseless simulator provided by 

the Tensorflow Quantum 

platform

Pre-Processing:

ÁReducing Input to 8x8 pixels
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QML for EO (Classification)
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Cologne (Pic. by Sentinel -2)
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CNN (8x8) CNN (8x10) CNN(8x24)

QNN (8x24) FQCNN (8x8) MQCNN(8x8)

Classification

Fan, F., Shi, Y., Guggemos, T., & Zhu, X. X. (2023). Hybrid quantum-classical convolutional neural network 

model for image classification. IEEE transactions on neural networks and learning systems.



More Quantum?
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EO-Data

= BigData

Combinatorial- and 

Optimization problems

Classification and Simulation

with Machine Learning
Data Encoding
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How to achieve nonlinearity in quantum computing?
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Data Encoding
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Collect statistics



How to achieve nonlinearity in quantum computing?
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Data Encoding
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Distinguishable Photons
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How to achieve nonlinearity in quantum computing?
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Data Encoding
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Indistinguishable Photons
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Neuromorphic QC for EO
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HPC and QC for Earth Observation
 EuroQHPC-Integration
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compute

data pre-

processing

quantum

evolution

quantum

state

quantum

computing

Post 

Processing

software packaging

encoding

circuit
design

remote sensing

radar

DLR TerraSAR-X

DLR Tandem-L
e.g. Dense Layer

multi- /hyperspectral

Sentinel-1/2; DLR EnMAP

quantum

convolutional layer

optimization

image processing

quantum

classical (HPC)

hyper-parameter

tuning

variational quantum

algorithms
image

classification

use cases

TRANSPORTATION

routing

natural hazards

SPACE/ENVIRONMENT

natural hazards

vegetation manatement

ENERGY

anomaly detection
(River, Street, 
Industrial Area,...)

Euro-Q-EXA

EuroQCS-Spain

EuroQCS-Poland

EuroQCS-Italy

EuroQCS-France

LUMI-Q
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HPC and QC for Earth Observation
 Quantum Excellence Center (QEX)
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