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1. Research the working principles of event-based cameras. Research the
existing Visible Light Positioning (VLP) methods such as Received Signal
Strength Ratio (RSSR).

2. Analyze the response of a static event-based camera to UV LEDs used by
the UVDAR localization system in UAV swarms. Modulate the signals
with varying frequency, relative distance, and angle.

3. Design an approach for relative pose estimation of UAV swarm members,
utilizing the analysis results and a proper fisheye lens calibration method.

4. Implement the proposed solution for a Robot Operating System (ROS).
Test the implementation on the data used for the response analysis and
discuss the results.

5. Conduct a real-world UAV swarming experiment. Compare the estimation
results with a GNSS ground truth.
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Event-based cameras

m The event-cameras function
by asynchronously generating
events (positive or negative),
based on pixel-level

illumination changes.

m They offer a higher dynamic
range than traditional
cameras but generally require
a different approach to data
processing.
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® We use a UAV equipped with
the UVDAR system, which
controls a set of UV LEDs
and allows their modulation.

B The camera is equipped with
a narrowband UV filter to
help with the light filtering.
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Influence Factors

Influence of Distance on Log of Average Events per Period

Influence of Angle on Log of Average Events per Period at 1 m
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Experimental validation of the inverse square law
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Camera calibration

Figure 3: Camera calibration grid of
5x 7 UV LEDs

The centers of the LEDs are found as the centers of the
detected pixel blobs.
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Camera calibration results
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Figure 4: Lens visible area Figure 5: Lens before and after
reconstruction calibration
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Perspective-n-Point

Py

Figure 6: Perspective-n-Point visualisation.

A minimum of 3 points is required for a pose estimation using PnP.
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ROS implementation
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Figure 7: ROS position and distance estimation pipeline.
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Experiments

Estimated Distance vs Ground Truth
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Figure 8: The distance estimation results with a mean error of 0.34 4+ 0.16

meters for the static experiment, and 2.47 4+ 1.75 meters for the flying
experiment.
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Experiments

UAV Positions at 1:55.600000 UAV Positions at 2:41.900000
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Figure 9: Pose estimation results, with the estimated pose highlighted in
green, and the real pose of the UAVs highlighted in red and blue.
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Conclusion

B The response of the event-based
camera to the UV LEDs was measured
and analyzed with varying distances,
frequencies, and angles.

m Calibration of the camera with fisheye
lenses was performed.

m A ROS node was implemented to
facilitate automatic pose and distance
estimation from detected LED centers.

m A flying experiment was performed
with two flying UAVs, each equipped
with an event-based camera and a
fisheye lens.

m The results have shown an estimation
accuracy of tens of centimeters in
static cases, and in meters range during
active motion and large distances.

Figure 10: UAV33 and UAV37
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Otazky




Jaké jsou dalsi metody, které by bylo mozné vyuzit k lokalizaci
namisto PnP a pro¢ bylo PnP pouZito namisto jich?
Metody pro lokalizaci zaloZené na viditelném svétle miZeme rozdélit do
nasledujicich kategorif:
® Fingerprinting - odhad polohy na zakladé pfedem namérenych referenénich
vzdalenosti (nutnost nasbirat velky dataset referennich dat)
m Time/Angle of Arrival - je vyuZit rozdil &asu/uhli doraZenych signéla

m Received Signal Strength - metoda &asto vyuZiva fotodiody k ziskani pomé&ru
sily signald

B |mage Sensing - nap¥iklad PnP
Metoda PnP bylo pouZita pro jeji moznost odhadu polohy pomoci vysledného

obrazu z eventové kamery, poskytuje silny zaklad pro odhad polohy z relativné
malého mnoZstvi obdrzenych dat.



Proc se pouziva " fisheye” €ocka jako senzor?

Kviili jejimu velkému zornému poli (FOV). Cim v&t¥i je jeji FOV, tim
spiSe jsme schopni detekovat prolétajici dronu v nasem zorném poli.



Z jakého diivodu ve Figure 4.4 dochazi k vyraznému zvySeni
poétu eventi pro 20kHz?

Jedna se o Sum kamery, jelikoZ jsou data pro kazdou frekvenci
normalizovdna vzhledem k poctu eventi namérenych na jednom
metru. P¥i modulaéni frekvenci 20kHz byly p¥i nastavenych
parametrech detekovany spi$e eventy zpiisobené Sumem, nez redlné
eventy vygenerované jako reakce na zménu jasu LED diod. Velikost

obrazu LED diody je porovnatelna s velikosti Sumovych eventd.
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Jak si vysvétlujete velkou varianci chyb pf¥i kalibraci " fisheye”
totky? (Kapitola 4.2)

Velkd variance chyby byla nejspiSe zplisobena relativni nepresnosti pfi
vybéru stfedil detekovanych shlukl pixeld napfi¢ kalibraénimi snimky.
Nutno podotknout, Ze chyba se pohybuje pouze v ¥adu nizsich
jednotek pixelii (~ 1px).
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Je primérna chyba lokalizace (2.45 metru) vzhledem k mé&fenym
vzdalenostem pFijatelna pro praktické pouziti?

Na vzdalenostech testovanych p¥i experimentu s létajicimi UAV (15 -
20 metrl) je chyba pfijatelnd, jelikoz ma samotnd drona dost &asu
reagovat na mozné priblizeni. NavrZeny algoritmus navic odhaduje
vzdalenost spiSe nizsi, nez je jeji redlnd hodnota.

Na niZSich vzdalenostech by chyba odhadu méla byt ¥adové nizsi, diky
presn&jsi detekci lokace stfedi LED identifikatord (ov&¥eno ve
statickém experimentu).
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