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¢ High demand for wireless
environmental monitoring

* Cheap
e Small
e Energy efficient
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¢ High demand for wireless
environmental monitoring

* Cheap
e Small
e Energy efficient
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D

FE: Front End
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Base Station

FE: Front End, ASP: Analog signal processing

FE —)A D DSP > 5(t)
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Event-based Sampling

* Analog signal preprocessing
e Sample on signal change
= lrregular sampling

relative to instantaneous
bandwidth
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Signal Reconstruction

Time-warping'?
e Near-perfect reconstruction
¢ Exploits information about
inst. bandwidth

e Numerically unstable
(e.g. for large sample gaps)

Amplitude

3
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p. Rzepka, M. Pawlak, D. Koscielnik, and M. Miskowicz, “Reconstruction of Varying Bandwidth Signals from Event-Triggered Samples”, 2015.

2. Konigs, C. Bockelmann, A. Dekorsy, “Instantaneous Bandwidth Estimation from Level-Crossing Samples via LSTM-based Encoder-Decoder Architecture”, 2025.
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* Event-based communication jm))) Yﬂ

1 .
schemg for'var|able O e e
bandwidth signals

Recons-
truction

e End-to-end numerical
analysis of impact on signal
reconstruction

e Transmitter prototype with
first transmission results

1()isong Hu, Chen Yi, J. Kliewer, and W. Tang, “Asynchronous communication for wireless sensors using ultra wideband impulse radio”, 2015.
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Event-based Sampling: Send-on Delta Sampling

e Sampling on
amplitude change A

e Random sample
times

¢ Only two possible
event types

Amplitude

Time
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Event-based Communication: Transmitter

s(t) —»

SoD Sampler I

)
\ j7 )

e Pulse driven asynchronous
transmission

* Frequency-shift keying
(FSK) + on-off keying (OOK)
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Event-based Communication: Transmitter
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e Pulse driven asynchronous
transmission

* Frequency-shift keying
(FSK) + on-off keying (OOK)
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Event-based Communication: Transmitter
e Pulse driven asynchronous

transmission

A (i )

A*“‘_/')_. Pulse f; j ))» * Frequency-shift keying

s(t) —| SoD Sampler } (FSK) + on-off keying (OOK)
—|—> Pulse f,
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Communication Scenario

jm)»a AWGN | 1

channel

s(t)—t

Communication Effects
e Pulse deletions / insertions
e Pulse distortion and time shifts
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jm)))H AWGN | 1

channel
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Communication Effects Test Signals
¢ Pulse deletions / insertions e Random signals with variable
e Pulse distortion and time shifts bandwidth
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Simulation Results: Detection and Time Error
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Signal Reconstruction

- — - Time-warping I

e Time-warping'?:
* Near-perfect
reconstruction
® Exploits information about
inst. bandwidth
® Numerically unstable

Amplitude

Time

p. Rzepka, M. Pawlak, D. Koscielnik, and M. Miskowicz, “Reconstruction of Varying Bandwidth Signals from Event-Triggered Samples”, 2015.

2. Konigs, C. Bockelmann, A. Dekorsy, “Instantaneous Bandwidth Estimation from Level-Crossing Samples via LSTM-based Encoder-Decoder Architecture”, 2025.
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Signal Reconstruction

- — - Time-warping -------- Linear Interpolation

e Time-warping'?:
* Near-perfect
reconstruction
® Exploits information about
inst. bandwidth
® Numerically unstable

® Piecewise linear
interpolation:
e Simple and robust Time

Amplitude

p. Rzepka, M. Pawlak, D. Koscielnik, and M. Miskowicz, “Reconstruction of Varying Bandwidth Signals from Event-Triggered Samples”, 2015.

2. Konigs, C. Bockelmann, A. Dekorsy, “Instantaneous Bandwidth Estimation from Level-Crossing Samples via LSTM-based Encoder-Decoder Architecture”, 2025.
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Simulation Results: Reconstruction
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communication

Average over 1000
realizations

Error increases when
time error increases

Time-warping
susceptible to time error
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e FSK: Ring oscillator
>@I>T with selectable length
e OOK: Power toggling
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Transmitter Prototype: Transmission and Detection

e One-shot transmission

¢ RX signal recorded with
SDR

e Detection and
reconstruction offline

Reconstruction Error:
| Lin [dB] | TW [dB]

14 -48
-12.35 | -52.93

Baseline
Prototype

3
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Conclusion

e Event-based communication as
low complexity solution

° \ Demonstrated approach works

Outlook
e Error correction
e Advanced pulse detection
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e Event-based communication as
low complexity solution

° ‘ Demonstrated approach works‘

Outlook
e Error correction
e Advanced pulse detection
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For further questions, feel free to
contact me:

Name:
Mail:

Johannes Konigs
koenigs@ant.uni-bremen.de
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Transmitter Prototype: Recording
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