HPC AND QC FOR EARTH
OBSERVATION
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Earth Observ 0
Istanbul
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https://www.enmap.org/
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Earth Observation G

Ground subS|dence measured by Earth Observation Center
radar satallltes

Algorithms and processes
to analyse EO Data

» Radar sensing

_ _ T Ga§ storage
= Optical sensing “ Tow ; Walhelmshaven ,.-;,-"ff'i,:
» Remote sensing the atmosphere / J ,,&-.,w G R
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How HPC? ‘#7
DLR

terrabyte [1] el il B
* 16 GPU nodes (with multiple GPUs) "1

. . | terrabyt
" 60 CPU nodes (with multiple CPUs) | HIGH PERFORMANCE D

ANALYTICS PLATFORM

= A0PB GPFS storage system

\

[1] https://www.Irz.de/presse/ereignisse/2021-07-22-
terrabyte ENG _/
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Overview #
DLR

EO-Data
= BigData

%

v

Combinatorial- and Classification and Simulation

: : . Data Encoding
Optimization problems with Machine Learning
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Quantum? ‘#7
DLR

EO-Data
= BigData

Combinatorial- and Classification and Simulation

: : . Data Encoding
Optimization problems with Machine Learning
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Machine Learning for Classification ‘#7
DLR

CAT

LABELED)
PHOTOS

DOG Z
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Experiments with Multispectral EO data
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= 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

11X, X. Zhu, J. Hu, C. Qiu, Y. Shi, J. Kang, L. Mou, H. Bagheri, M. Haberle, Y. Hua, R.
Huang, et al., “So2sat Icz42: A benchmark dataset for global local climate zones
classification,”
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Quantum Classical-CNN for Multispectral Data #
DLR

= ._ ) T4 1 'i"
I > i} .- I B ﬁ-- Output
= Two quantum convolution layers pd ol HHibe ol
2| C- = kot |- B -%—- D[ Class
and each layer applies 2 kernels * o/ &1 1
» Noiseless simulator provided by |
the Tensorflow Quantum
platform
Pre-Processing: Predited

= Reducing Input to 8x8 pixels
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QML for EO (Classification) s ‘#7
DLR

CNN (8x8) CNN (8x10) CNN(8x24)

Cologne (Pic. by Sentinel-2) Classification

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.
12

Tobias Guggemos « HPC and QC for EO



More Quantum? ‘#7
DLR

Combinatorial- and Classification and Simulation

: : . Data Encoding
Optimization problems with Machine Learning
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How to achieve nonlinearity in quantum computing? ‘#7
DLR

Data Encoding Collect statistics

o 9, b,y 9y,
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20 output combinations
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How to achieve nonlinearity in quantum computing?

Data Encoding

n
photons

m
spatial
modes
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Distinguishable Photons
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How to achieve nonlinearity in quantum computing?

Data Encoding

n
photons

m
spatial
modes
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Indistinguishable Photons

Frequencies

0.3

0.2

0.11

0.01

0.1

0.2

0.3

Experiment

Theory

20 output' combinations from {1,2,3} to'{4,5,6}

i DLR



Neuromorphic QC for EO

Predicted Labels

m

=

R

Linear Discriminant 15.40 115yl 39.21 39.83 STS 5375
Analysis (LDA)
Photonic Chip + LDA 18.33 1775 43.04 44.67 61.31 60.00

L /
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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 for Earth Observation
EuroQHPC-Integration DLR

image processing

-Q-EXA quantum g Loqenm
Euro-Q-E . _conwlutional layer S
EuroQCS-Spain S Doe softwarepackaging .. ...

1 — [
- ] circ uit quantum i
EuroQCS-Poland z s> duantm
EuroQCS-ItaIy : U(t) = e-iflt quantum
. . 3
EuroQCS-France ol ——— 1 r— computing |7
LU Ml Q " a0 0 s v () = U(t)|9) :
. ) I use case s
"""""""""""""""""""""""""""""""""""""""" TRANS PORTATION
encodhg routing
rem ote sensing natural hazr ds
data pre- variatio nal quantu m _ :
rocessin algort hms ] Im. a$ .
p ing —> classificaion ENERGY
— -y radar ¢ ] (River, Str est, _5
DLRT SARX Pmt Industrial A Iea.) anorna[ydetectlon :
DLR7e'”ad -L Proce&ing [ Optl mization ]
e 6.g. Dense La yer 1  SPACE/ENVIRONMENT
. : natural hazr ds
multi- /hyperspectral hyper-par ameter
Ve vegetatbn manatement
Sentinel-1/2; DLRENMA P tuning
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HPC and QC for Earth Observation
Quantum Excellence Center (QEX)

Leibniz-Rechenzentrum
der Bay:n’schen Akademie der Wissenschaften
)\
circuit quantum
[ compute =917 evolution ‘ —
Ut) = e-lt probability
e . .
—— istribution |—
wtO{H] 9 quantum () = U(©)14)
uLtmO-E o)
e @——{ vy Hovoy H i Y v 10 state A
> |#)
encoding use cases
remote sensing ppplication landcover .
data pre- \ yangzienaliquantan ~_|classification
- algorithms 3 River, Street,
______ processing I ¢ Ingjustria! Area,...) g
= : radar j == | modelling |
| DLR TerraSAR-X , [ . | (climate models, |
0 t|m|zat|on] i > N
DLR Tandem-L Processmg p 1 cloud removal,...) |

e.g. Dense Laye + \ uncertainty

quantification
hyper-parameter (data uncertainty,
model uncertainty,...)

multi- /hyperspectral
| : Sentinel-1/2; DLR EnMAP tuning
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