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he University of Iceland is one of the six best universities in}§

Remote Sensing USing Machine Learning ﬂﬁ % e world in the field of remote sensing!
Training based on
labeled data of
land cover
Testing
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unseen &N L | _ e

Using Support Vector Machines
Machine Learning Models with . i
High Performance Computing Soo EEEEL L S
[7] G. Cavallaro & M. Riedel etal. -

0days 00 hours 00 minutes
Sentinel-2 constellation:
summer solstice
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8
16
32

4890 (18.81) 65.01 (19.57) 7321 (20.11) 75.55 (22.53)
5753 (16.82) 7074 (13.94) 7594 (13.53) 76.04 (14.04)
64.18 (18.30) 74.45 (15.04) 77.00 (14.41) 75.78 (14.65)
68.37 (23.21) 76.20 (21.88) 76.51 (20.69) 75.32 (19.60)
70.17 (34.45) 7548 (34.76) 74.88 (34.05) 74.08 (34.03)

Scenario ‘pre-processed data’,
10x€V parallel: aceuracy (min)

1 10 100 1000

7442 2121) |
74.06 (15.55) |

74.58 (14.9:

74.72 (19.66) |
73.84 (38.78)

10000

75.26 (1.02) 65.12 (1.03) 73.18 (1.33) 75.76 (2.35)
57.60 (1.03) 70.88 (1.02) 75.87 (1.03) 76.01 (1.33)
64.17 (1.02) 7452 (1.03 ) 77.02 (1.02) 75.79 (1.04)
68.57 (1.33) 76.07 (1.33) 76.40 (1.34) 75.26 (1.05)
70.21 (1.33) 75.38 (1.34) 74.69 (1.34) 7391 (1.47)

74.53 (4.40)
74.06 (2.35)
74.42 (1.34)
74.53 (1.34)
73.73 (1.33)

Eirst Result: best parameter set
from 14.41 minto 1.02 min

Second Result: all parameter set:

from =9 hours to ~35 min
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Information as ‘0" or ‘1’ or both simultaneously tonor>

.--" [01101> i

[1] D-Wave Report [2] D-Wave YouTube



Enables Qubits to
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Multi-qubit processor connects qubits to exchange information

Couplers define how qubits influence each other

Options: Qubits togeth ‘same state or neighbouring qubits in opposite state

Fabric of programmable quantum device =

many qubits + couplers + control circuitry to manage magnetic fields [1] D-Wave Report [2] D-Wave YouTube
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Challenge: Use quantum effects
in computation requires processor
in extreme isolated environments

emperature close to absolute zero

Enables an ‘environment’ that is isolated E
from external magnetic fields, vibration,
and external radio frequency signals

Only within this a étﬁlantum processor
‘behaves quantum mechanically’
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This Type of Quantum Computer Implements a Quantum Annealing Algorithm

&

_ Pulse Tube
_ Dilution Refrigerator

Shielded Enclosure Control Subsystems

LAN or
Internet

[3] Launch JUNIQ

[1] D-Wave Report




Module 1
Cluster

Building a European quantum —
© Module6

computer user facility S /  Multitier

Cloud access to
simulators via a QC-PaaS
Julich QC Simulator
JUQCS (< 49 qubits)
ATOS-QLM30 (< 31 qubits) WEORIIST

£
4

Storage System

Module 5 supercomPUter Module 3

i. Banhihy JSC Data Analytics
Cloud access to | Module Module

QC hardware via a QC-PaaS |

(Non -) commercial : — Module 4
gate_based QCs Neuromorphic
European experimental s
qubit devices of any type, IBM,
Google, RigettiComputing,..
Annealers

D-Wave quantum annealer
Fujitsu digital annealer

European experimental annealers

[3] Launch JUNIQ [4] DEEP Projects
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Quantum Annealing Approac

es intrinsic effects of Quantum Ph

problem, then natural ev D
tum states, and finally configura
end of evolution is one/some an

indamentally different from classical
mputing built on logical operations
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Measurement Based
Gate Model
UNIVERSAL QUANTUM COMPUTERS
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Goal: Find the lowest (global) point on th
(i.e., optimal solution to many problem




Explore landscape in ways t"héthave never
before been possible Like &ﬁ\}er._:gif water that
covers the entire landscape

Water as analogy for the probability that a
given solution is returned

=>-As well as running over the surface, water
can tunnel trough the mountains as it looks for
the lowest valley

Quantum Computations: ‘water’ or probability
is pooled around lowest valleys — the more
water there - the higher the probability of
solution being returned as solution

Key Difference to Classical Computing

T

- SGD
Momenturn
NAG
Adagrad
Adadelta
Rmsprop
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= [9] Obtimfzejs-

s



Quantum Annealing after Superposition: 0 or 1 [ono1>
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Energy Landscape with Quantum Annealing & Applying an external Magnetic Field called ‘Bias’
[01101> -

Low
Energy

[2] D-Wave YouTube
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Users choose values for Biases of Qubits & Couplers (direction & strength) & Using ‘Tunneling’

LY

Coupler makes matchin,
qubit states favourable.

[2] D-Wave YouTube



Using a Software Development Kit (SDK) ’Ocean - Installatlon & Conflguratlon

"%‘*-

D::uaue . I 16 ’ Naples;)9 Landsat 200 200 2

7
3 The Quantum Computing Company ™~
0. Setting Up the Access to the D-Wave 2000Q quantum computer Nayak-Middle Fork Quickbird 1659 131 4 10
Taku Quickbird 1547 1675 4 g
e Make a free account to run on the D-Wave through Leap Mulchatna Quiskdird 87 97 ¢ N
. = Kweth Quickbird 367 362 4 4
e Install Ocean Software with pip install dwave-ocean-sdk o Gidded = 187 188 3 s
¢ Configuring the D-Wave System as a Solver with dwave config create Kitlope Quickbird 1066 883 4 3
| UClsatimage Landsat MSS 6435 36 il 6
R et e me en
""""" Naples99 (full) Landsat 400 400 7 2
1. Data Prepardtlon Mexico Landsat 360 512 2 2
Barrax MERIS 1247 1153 13 2
1.1 Load of the Python Modules France MERIS 2399 2241 13 2
Abracos MERIS 321 490 15 2
In [ ]: | from utils import * # It contains functions for threat the data (I/O, encoding/decoding) and metrics for evaluations Ascension Island MERIS 321 490 15 2
Azores MERIS 321 493 15 2
T Barcelona MERIS 321 493 15 2
EIRERC e s 33 Capo Verde MERIS 321 492 15 2
. . . . . . . 34 Longyearbyen MERIS 321 493 15 24
In this notebook we consider the datasets of HyperLabelMe (i.e., a benchmark system for remote sensing image classification).
35 Mongu MERIS 321 489 15 2
It contains 43 image datasets, both multi- and hyperspectral 36 Ouagadougou MERIS 209 492 15 2
* For each one, training pairs (spectra and their labels) and test spectra are provided 37 Zone13N QuickBird 512 512 4 10
* The test labels are not given. The predicted labels needs to be uploaded in HyperLabelMe which will return the accuracy 38 Zurich Quickbird 828 889 4 7
39 Rome95 Landsat 200 200 7 2
7 2 '

# Imad0.txt can be downloaded after registering at [1]
id dataset='Im40"'
[X train, Y train, X test]=dataread('input datasets/hyperlabelme/'+id dataset+".txt")

In [ ]: | # Load the data I4O Rome99 Landsat 200 200

. Michielsen and M. Riedel
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Using a Software Development Kit (SDK) ‘Ocean’— Calibrating Quantum SVM

In [ ]: from sklearn.model selection import train test split
from sklearn import preprocessing

# 10-fold Monte Carlo (or split-and-shuffle) cross-validation
fold=10

for i in range (0, fold):

X train cal, X val cal, Y train cal, Y val cal = train test split(X train,Y train, test size=0.94, random state=i) e az Q'ij a;J )
#SPresprocessing
X train cal = preprocessing.scale(X train cal)
X val cal = preprocessing.scale(X val cal)

# Write the data
write samples(X train cal, Y train cal,'input datasets/calibration/'+id dataset+'/'+id dataset+'calibtrain'+str(i))
write samples(X val cal, Y val cal,'input datasets/calibration/'+id dataset+'/'+id dataset+'calibval'+str(i))

print ("Each training set includes '+str(X train cal.shape[0])+ ' samples')
print ('Each validation set includes '+str(X val cal.shape[0])+ ' samples')

from quantum_ SVM import *

# Hyperparameters

B=[2,3,5,10]

K=[2,3]

xi=[0,1,5]

gamma=[-1,0.125,0.25,0.5,1,2,4,8]
n_experiments=len (B) *1len (K) *len (xi) *len (gamma)

Previous work
on Quantum SVM

hyperparameters=np.zeros ([n_experiments, 4], dtype=float)

path data key='input datasets/calibration/'+id dataset+'/'
data key = id dataset+'calibtrain'
path out='outputs/calibration/'+id dataset+'/'

trainacc=np.zeros ([fold], dtype=float)
trainauroc=np.zeros ([fold], dtype=float)
trainauprc=np.zeros ([fold], dtype=float)

)

Jupyter
e’

M Willsch, K. Michielsen and M. Riedel



High Complexity in
Programming &
Solving Problems
in Optimization -




Using a Software Development Kit n‘— Train & Test Quantum SVM

S T - g = A = T 8 : e = e - P =

In [ ]: from quantum SVM import * | SVM.Q
= | . uantum Annealer & .
import numpy as np i ; S = a ¥ Star

from utils import * |
from sklearn.model_selection :u’:port KFold L, o24Commits P 1Branch & O0Tags [ 2 MB Files
from sklearn import preprocessing

Project ID: 2626 | Leave project

pproching Remote Sensing Image Classification with Ensembles of Support Vector Machines on the D-Wave Quantum Annealer

# Write the data
experiments=1
slice=40 # Number of samples to use for the training

el (lem (03, i) /46) master svm_quantum-annealer / + ¥ History ~ Q Findfile ~ WebIDE &
print (fold) :\‘:::’-: add jupyter notebook dzaszbil B
£V Gabriele Cavallaro authored 2 weeks ago
for i in range (0, experiments):
cv = KFold(n_splits=fold, random_state=i, shuffle=True)
count=0 i README  'I¥ No license. Al rights reserved
for test_index, train_index in cv.split(X_train):
#print ("Train Index: ", len(train index), "\n") Name [ty Last update
X_train_slice, y train_slice = X train([train_index], Y train([train_index] W Experiments_IGARSS2020_paper add outputs folder 4 weeks ago
X_train_slice scale(X_train_slice)
[ READMEmd Update README.md 3 weeks ago
X _test_slice, y_test_slice = X train[test_index], Y_train[test_index]
X test slice preprocessing.scale (X test slice) @ calibrate.py add source code 4 weeks agc
[ predictpy add source code 4 weeks ago
In [ ]: from quantum SVM import * [ quantum_SvM.py add source code 4 weeks agq
from sklearn import preprocessing
[® run_qeSVM.ipynb add jupyter notebook 2 weeks ag:
# Pre-processing the test spectra
X test = preprocessing.scale (X test) [® train.py add source code 4 weeks agc
path_data_key='input datasets/train/'+id dataset+'/' 3 utitspy add source code 4 weeks agc
data key = id dataset+'calibtrain'
i in/l4i v
path train ou outputs/train/'+id dataset+'/ [ README.md

path test out='outputs/test/'+id dataset+'/"'
path_files=np-load(path_train out+'trained SVMls.npy') Remote Sensing Image Classification with Ensembles of Support Vector
erposinemel . Machines on the D-Wave Quantum Annealer

slices=10

scores=[]

e This repository contains the Python functions and the processing pipeline documented in a Jupyter notebook for performing classification

of RS images

for j in ranges (0,experiments):
for i in range (0,slices):

scores.append (predict (path data key,path files[il,X test)) - GithUb access to .’upyter NtebOOk ’A‘
avg scores=np.zeros ((scores[0].shape[0])) public When/ifpaper a Cepted jupyter

Y_predicted=np.zeros((scores[0].shape[0]),int)

illsch, K. Michielsen and M. Riedel




Challenge remains: Only small datasets today & Simple Classification Problems

5] G. Cavallaro, D. Willsch, M. Willsch, K. Michielsen and M. Riedel

ID | Sensor | Datapoints | Train Samples | Classes
Im16 | Landsat | 200x200x7 | 500 |
Im40 | Landsat | 200x200x7 | 500 |

True Positive Rate
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—— AUPRC=0.930

.0 0.0
00 02 04 06 08 10 00 02 04 06 08 10
False Positive Rate Recall

(a) Dataset: Tm16.

True Positive Rate

ID dataset | OA | Kappa | z-score
16 | 9426 | 089 | 134.71

40 | 7890 | 057 | 4721

—— AUPRC=0.870

.0 0.0
00 02 04 06 08 1.0 00 02 04 06 08 10
False Positive Rate Recall

(b) Dataset: Tm40



Works for general-purpose Computing

Ready for large datasets (‘Big Data’)
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Programming models broadly applied

Fast Convergence & Time to Solution
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Works for general-purpose Computing
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Programming models broadly applied

Fast Convergence & Time to Solution
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[2] -Wave Systems YouTube Channel, Online
https://www.youtube.com/user dwaves stems
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