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Earth Observation G
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Credit: PIXNIO
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How HPC?

terrabyte [1]
A16 GPU nodes (with multiple GPUS’

) . . | terrabyt
A60 CPU nodes (with multiple CPUs)

A40PB GPFS storage system o9
187
W

[1] https://www.Irz.de/presse/ereignisse/2021-07-22-
terrabyte ENG _/
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Overview ‘#7
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EO-Data
= BigData
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Combinatorial- and Classification and Simulation

: : : Data Encoding
Optimization problems with Machine Learning
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Quantum? #
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Machine Learning for Classification 4#7
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Experiments with Multispectral EO data

LO(|:C®”) H o o o o
A|y®m) H . o o o
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|B1) H . o * ®
C)
A Categories:
Label Semantic Class LCZ
1 Compact built-up area 1,2,3
2 Open built-up area 45,6
3 Large Low-rise, Heavy industry 8, 10
4 Vegetation A,B.C.D
5 Water G

X, X. Zhu, J. Hu, C. Qi u, Y. Sahbie,r 1Je., KrangHual,. RMou, H. :
Huang, Medsaald2,cA benchmark dataset for gl obal | ocal cli mate zones
classidicati on,
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Quantum ClassicalNN for Multispectral Data ‘#7
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Model: et ]
) i | :E. | 1
A Two quantum convolution layers g @ || et | [ [ I e o
. [ B . Rf' K?IH o ~ [Li Class
and each layer applies 2 kernels g S . 1T 11
| (o= H N H I -
o _ _ Lh _ I
A Noiseless simulator provided by | -
the Tensorflow Quantum
platform
Pre-Processing: Predited

A Reducing Input to 8x8 pixels
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QML f or EO ( ClI assification)‘\‘#
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CNN (8x8) CNN (8x10) CNN(8x24)

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

Compact built-up area Large Low-rise, Heavy industry

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.
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More Quantum? ‘#7
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EO-Data
= BigData
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: : : Data Encoding
Optimization problems with Machine Learning
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How to achieve nonlinearity in quantum computing? A#y
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How to achieve nonlinearity in quantum computing?

Data Encoding Distinguishable Photons
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How to achieve nonlinearity i#q
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Data Encoding Indistinguishable Photons
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Neuromorphic QC for EO

Predicted Labels

m

=

R

Linear Discriminant 15.40 1511E) 39201 39.83 5755 58575
Analysis (LDA)
\Photonic Chip + LDA 18.33 17575 43.04 44.67 61.31 60.00 /
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Image Classification (in Space)
2. Patchwise Classification

=
m Train (3 feat.) | Test(3 feat.) Train (15 feat.) | Test (15 feat.)
31.10% 29.02 % 42.28 % 42.31 %
Photonic Chip  40.74 % 39.06 % 59.52 % 57.63%

+ LDA

DLR

\ /




HPC and

QC

f or

Eart h

Eur oQHPWQ egrati on

Euro-Q-EXA
EuroQCS-Spain
EuroQCS-Poland
EuroQCS-lItaly
EuroQCS-France

: quantum:
‘convolutional

l ay er

_”””¢ _______ softwar e packaging

qguantium

A 4

Ob s e

quantum

c omput{i g
[(t) = U(t)l¢)

rvat

cl as fHiP¢al

Tobias Guggemos A

and QC for

Hayer T

muklbyperspectr al
Sent-1/2nel R En MA P

EO

hy pear ame.t er]

tuni ng

TRANSPORTATI

routing

remote sensing ] natur al hazaré
dat a- er.} va;llatolrci)tnilnsquanét mi mage
procesjsing J —»(cl assi I ERIEREGR
—y»radar ¢ : Riv®trr, eqt :
Post ] Industrijalamdmal y ¢

DLR TerX aSAR '[ﬁ i mi]zat5i on 5
DLR Tabdem Proces g 5 E
eg.Dense SPATENVI RONMEN:

natur al hazar d

vegetation manat



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