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QAI meets GIS – in a nutshell
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source: pyqml.com

source: ibm.com
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Quantum timetable
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source: atos.net

source: sciencedirect.com
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The „Quantum Reactor“ – NISQ technology

Quantum computer Nuclear power plant
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source: ibm.com / google.ai source: www.rentokil-ths.de / de.wikipedia.org

Nuclear reactor

Erik Lucero

Leading Engineer at Google 

Google IO 2021 | Quantum AI Campus

“this is only the fridge” 

target: close to 0°K (~ -273.15C)

Quantum processor
(Google Sycamore 53 qubits) 

Cooling towers
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Quantum processors – Google and IBM (and many others)
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source: sycamore - google.com

source: ibm.com

NISQ – Noisy Intermediate-Scale Quantum  
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Physical Qubit Roadmap for Quantum Computer
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source: Quantum Technologies2021 yole.fr 2021

IBM 11/2022: "Osprey"

source:

ai.googleblog.com/2023/02/suppressing-

quantum-errors-by-scaling.html

Google 02/2023:

Quantum error correction using logical qubits
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With n bits one of 2n states can be represented at the same time.

With n qubits 2n states can be represented at the same time.

The information contained in a single qubit can be described by a linear combination of |0⟩ and |1⟩:

|ψ⟩ = α |0⟩ + β |1⟩ with

Bit – Qubit
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source: sciencedirect.com
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What we need to bear in mind is,

that quantum technology is not evolution, it is revolution. 
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Dr. Hartmut Neven; Google Quantum AI
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Predictive Maintenance

Infrastructure, Traffic, Accidents, …
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Input: 2013, 2017, 2021

Prediction: 2025, 2029

source: stmb.bayern.de
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Predictive Maintenance using LSTM 
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Value synthesis of condition recording and assessment 

in Germany (ZEB = Zustandserfassung und -bewertung)

source: www.bmvi.de

data source: 

stmb.bayern.de

Long short-term memory (LSTM) enables neural networks to have 

a kind of memory of previous experiences. It realizes a short-term 

memory that lasts for a long time because the principal behavior of 

the network is encoded in the weights.

source: Samuel Yen-Chi Chen u.a.,  

ArXiv:2210.14876v1; 11/2022



takatoatakatoa

Quantum algorythms
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Connect to IBMQ Quantum 
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Quantum Long short-term memory
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IBM Quantum Composer
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Predictive Maintenance – Results

The calculations performed so far basically confirm the usability of the above approaches. They show 
good learning ability and high result stability. 
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Example of training results of a comparative

computation run (conventional / quantum

assisted) which was used to predict temporal 

developments of state values. 

The calculation was performed with 3872 

training data sets with eight data each

(four input values each for two time points

t-1 and t), and with one result value each for

the time point t+1 known for the training. 

967 additional data sets were used

for the examination of the results.
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QAI on Rainfall radar images 
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https://maps.dwd.de/geoserver/ows?

service=wms&version=1.3.0&request=GetCapabilities
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QAI on Rainfall radar images – Preprocessing
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6125 * 7250 pixels per image

14 (plus 1) timesteps; 2 “colors” each

7 * 4 = 28 pixels per cutout 

~ 1350 * 2250 cutouts

with 28 * (2 * 14) “infodots” 

~ 3.000.000 input datasets

~ 8 datasets each km²

data source:

maps.dwd.de/geoserver
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Quantum Machine Learning Beyond Kernel Methods – Algorhythm
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The model uses the feature encoding proposed by Havlíček et al., followed by a 

hardware-efficient variational circuit, where arbitrary single-qubit rotations 

on each qubit are interlaid with nearest-neighbour gates, for L layers. Finally, 

the expectation value of a Z observable assigns labels to input data.

source: 

Sofiene Jerbi et.al. 

QML beyond kernel methods; 02/2022
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Dissipative Perceptron-based Quantum Neural Network (DPBQNN)
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source:  Kerstin Beer 

Quantum neural networks, 05/2022

circuit

circuit – unitary layer1

source:  Rodrigo Araiza Bravo et.al.

Universal Quantum Perceptrons for QML, 12/2022
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DPBQNN – Quantum Hardware vs. Quantum Simulation
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<~75°C!
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Predictive Maintenance using DPBQNN
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transpiled_circuit

data source:

www.stmb.bayern.de
used hardware: ibm_nairobi
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An Executive Checklist for Quantum Artificial Intelligence
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• Create a strategy
Establish a framework for how Quantum AI will be incorporated into business 
strategy and processes, and to define measurable goals.

• Apply executive support
Assign a C-level executive to oversee the company’s strategy. 

• Incorporate robust datasets, including location information
Business data can become more valuable when coupled with information about 

its location and time. 

• Mind the data
Predictions will be accurate only if the training data is truly representative of 
the target cases.
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