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Motivation

-0 Advantage of large bandwidth for mmWave communication system
-> high positioning accuracy possible

—O Sparsity of reflections and high attenuation in the indoor environment
-> allows scanning of the environment

—0 Joint Communication and Sensing as a key technology for 6G
—O Object localization is important for the creating digital twin in the Industry 4.0 vision

—O Antenna patterns using beamforming are angle-dependent and play a significant role for
object identification

-0 In order to improve the accuracy, a method to deal with side-lobes and false identification
of the objects is needed




System Model
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y(tr ¢TxJ (PRx) = h(tr waJ (PR.X') * JC(f) + 'ﬂ.(t)

If signal x(t) - pseudo-noise (PN) sequence then cross-correlation between output and input will
provide an estimation of the channel impulse response:

h(t) = y(t) @ x(t)
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System Model
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The system of equations can be written as: Tx Line of Sight - Baseline Rx
y q (xTxr yTx) (xer ny)
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ant(lpTxrakr ()Oer ﬁi ) ¥ Rki(ak: ﬁ:) — h(¢TxJ (PRx)
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Antenna Patterns
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Algorithm for object localization

Input: received signal for each Tx-Rx pair of angles y(t, ys, @)
Output: plot reflectivity r corresponding to possible reflections from the objects
Initialization: Angular Range for Tx-Rx
Find intersections for Tx-Rx pairs of angles
Get Normalized Power Delay Profiles P(t, s, )
Simulate antenna patterns for the angular range G, (s, 8) and Ggr, (@, 0)
foreacht
Define 84,p and 84,4 for an ellipse related to the time t
for each Tx_Index
for each Rx_Index

A= er (qJTx_index: HAOD)GT‘X ((pr_index<p: HAOA)

b =P(t, Urx index» PRx_index)
Solveforr:Ar = b

Exclude r<0andr=NaN

Plot the results r for the intersection points
end
end
end
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Experimental Setup

Distance, m

Distance, m

Top view, the room with all possible reflection

Laboratory room with front-end devices
point for East-West (EW) scenario
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Simulated Setup

Simulated setup has the same parameters as experimental:

Roomsize-7.7mx4.9mx 3.6 m

Distance between Tx and Rx -4.5m
The height from the floor - 0.7 m

The angular range from -45 to 45 with approximately
1.4° step size

The sampling frequency — 2.16 GHz

A distance resolution = 0.138 m

666 bbb

The same intersection points as for EW experimental
scenario (red area)
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Results

—O Measured —O Simulated
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Conclusions and Future work

Conclusions

-0 Developed a method for object localization with direction-dependent antenna pattern that is reducing the
side-lobe effect

-0 Unfortunately, for the measured dataset the results were not as good as expected
-> due to possible mismatch of the simulated and real antenna patterns.
-> due to reflections from ground and ceiling
-> hardware limitations (bandwidth, sampling rate, impairments, ...)

—O0 The method shows better results for the simulated dataset, mainly, since for simulation used the ‘correct’
antenna patterns.

Future work
—O Measure the antenna patterns of the complete codebook and a new measurement campaign
-0 Improve the method by including reflections from ground and ceiling

—O Adopt machine learning methods to solve the cases when the method was not able to find good solutions
for system of equations
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