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2.1 3D FINGERPRINTING

2.2 QUANTUM ANNEALING



2.1 3D Fingerprinting
1.Offline Calibration Phase:

Collects RSS measurements from all visible APs at known

reference points throughout the 3D space

Fingerprint = {(x, y, z), [RSS₁, RSS₂, ..., RSSₙ]}

Creates radio map database linking locations to signal

patterns

2.Online Localization Phase:

User's device measures RSS values from nearby APs and

matches against the pre-built database

Match → Estimated Position (x̂, ŷ, ẑ )

Uses k-NN or other algorithms to find best matching

fingerprint

Fig. 1: Example of WiFi fingerprinting location tracking

process with four APs.
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2.2 Quantum Annealing
1.Problem Encoding: 

Convert optimization problem into QUBO form

Define objective function Q(x) with binary variables

Map to Ising Hamiltonian Hf (target Hamiltonian)

2. Initialization: 

System starts in ground state of simple Hamiltonian H₀

3.Adiabatic Evolution: 

System slowly evolves from H₀ to Hf

Governed by: H(t) = (1 - s(t))H₀ + s(t)Hf

s(t) varies from 0 to 1 over annealing time

4.Measurement: 

Final state encodes optimal solution (binary) Fig. 2: Quantum Tunneling
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3.Problem Statement

How can we select n APs

from k candidates to

maximize accuracy in a 3D

Environment?
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4.Architecture
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Fig. 3: System Architecture.



5.QUBO Formulation
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6.1 Importance Metrics
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Fig. 4: Importance Methods Comparison.
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Fig. 5: Entropy Importance.

6.2 Entropy Importance

Many APs have zero
importance.
Zero Importance → Not
Relevant APs
We only choose APs with non-
zero Importance
The higher AP Importance value
→ The more relevant the AP 
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Fig. 6: Pairwise correlation matrix of AP RSS patterns.

6.3 Redundancy

 We use only the non-zero importance
APs
We calculate the Absolute Pearson
Correlation
 Highly correlated APs tell the same
information
We chose APs that are least
correlated to diversify our set of APs
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Fig. 7: Impact of Alpha on the 3D Localization Error.

6.4 Alpha Paramater Impact

We  test multiple values of alpha.
We record the Localization Error for
each.
Best Alpha = 0.8 
Balances Importance and Redundancy 
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Fig. 8: Impact of k on 3D Localization Accuracy.

6.5 Budget (k) Impact

We  try different values for the budget
(k)
Run the full system.
We can see how the budget choice
impacts Accuracy.
Generally, the higher the AP count, the
lower the accuracy.
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Fig. 9: Pairwise correlation matrix of AP RSS patterns.

6.6 Penalty Impact
For small values of the penalty: the
optimiser can reach the target of k
APs with a minimum localisation
accuracy at η = 2. 
For larger penalty values, the
constraint term creates an overly
harsh energy landscape, causing the
annealer to get trapped in local
minima before reaching the target
number of APs k, which in

      turn affects the localization accuracy.
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6.7 Inverse Temperature Impact

Fig. 10: Impact of β on the Mean 3D Localization Error.

β functions as a scaling factor that
controls the influence of the
problem’s energy landscape.
β determines how sharply the solver
distinguishes between optimal and
suboptimal solutions.
Localization accuracy improves as β
increases.
Improvement stops at β = 5
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Fig. 11: Floor Accuracy across different Methods.

6.8 QA VS SA

QA has the best exact floor
accuracy localization
Better than using the entire set
of APs
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6.8 QA VS SA

Fig. 12: Different Methods Impact on 3D Localization Accuracy.

QA achieved the lowest
localisation error
QA is better than using all APs
All APs have redundancy →
decrease accuracy
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Fig. 13: Annealing time of SA VS QA.

6.8 QA VS SA

Annealing time: duration over which the
system is slowly evolved from an easy-
to-prepare initial state to the final
problem Hamiltonian.
61 Speed up the annealing time.
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8.Future Work
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THANK YOU
Any Questions?
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Appendix: Key Terms & Acronyms
AP (Access Point)

WiFi router or transmitter that broadcasts wireless
signals
Used as reference points for indoor localization

RSS (Received Signal Strength)
Power level of WiFi signal received at a device
Measured in dBm (decibel-milliwatts)
Typically ranges from -30 dBm (strong) to -90 dBm
(weak)

QUBO (Quadratic Unconstrained Binary Optimization)
Optimization problem with binary variables (0 or 1)
Objective function contains quadratic and linear terms
Native format for quantum annealers

3D Localization
Determining position in three-dimensional space
Includes latitude (x), longitude (y), and floor/altitude (z)

Fingerprinting
Indoor positioning technique using signal patterns
Creates "fingerprint" of signal characteristics at each
location
Matches new measurements to database

Quantum Annealing
Optimization technique using quantum mechanics
Exploits superposition and tunneling
Specialized for combinatorial optimization problems

Hamiltonian
Mathematical operator representing total energy of quantum system
H(t) = (1-s(t))H₀ + s(t)Hf
Evolution from simple H₀ to problem-encoding Hf

Quantum Tunneling
Quantum phenomenon allowing particles to pass through energy barriers
Enables escape from local minima
Key advantage over classical optimization

Adiabatic Evolution
Slow transformation of quantum state
System remains in ground state if evolution is slow enough
Foundation of quantum annealing

Ising Model
Model of interacting atomic spins
Equivalent representation of QUBO problems
Native format for quantum hardware


