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Abstract: To address the challenges of small target size, low brightness, strong noise interference in
event-camera imaging, and limited centroid extraction accuracy for dynamic star targets, a dynamic star

centroid extraction method based on asymmetric-neighborhood density clustering and robust event-shape
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fitting using iterative reweighted least squares is proposed. irst, the event stream of dynamic star targets is
segmented into event frames using a fixed time window. Within each frame, a directional anisotropic den-
sity-based clustering approach is employed to aggregate events via density connectivity, effectively separat-
ing true star-event clusters from noise. Subsequently, the extracted star-event clusters are projected onto a
frame-centered plane along the principal component analysis direction, where an elliptical envelope is con-
structed in the two-dimensional projection domain. An improved iterative reweighted least squares fitting
method 1s then applied to suppress outliers and estimate subpixel centroid positions. Experimental results
demonstrate that, at a target motion speed of 20 (°)/s and an output frequency of 60 Hz, the root-mean-
square error of centroid localization reaches 0. 107 8 pixels. The proposed method enables accurate subpix-
el localization and rapid tracking of high-dynamic targets in event cameras, indicating strong potential for
application in star sensor systems.

Key words: star point; centroid extraction; event camera; high-dynamic target tracking; robust least
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Tab.1 Simulation results for star spot under non-uniform

curvilinear motion

Method RMSE MAE STD
Proposed method 0.096 4 0.066 2 0.0708

CCMC 0.250 1 0.2220 0.1156

STMSF 0.2770 0.2487 0.122 2
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Tab.2 Simulation data of star spot under uniform linear Tab.3 Simulation data of star spot under uniform circular
motion motion
Velocity/ Velocity/
Method (pixel+ RMSE MAE  STD Method (pixel+ RMSE MAE  STD
s s

Proposed method 100 0.1227 0.1161 0.040 1 Proposed method 100 0.2234 0.1922 0.1148
CCMC 100 0.2316 0.1977 0.1213 ccMC 100 0.3167 0.2885 0.1313
STMSF 100 0.3551 0.3315 0.1275 STMSF 100 0.3687 0.3469 0.1250

Proposed method 400 0.0363 0.0356 0.0070
CCMC 400 0.2357 0.2216 0.0809
STMSF 400 0.1854 0.1755 0.0600

Proposed method 800 0.0692 0.0683 0.0107
CCMC 800 0.2492 0.2146 0.1276
STMSF 800 0.1028 0.0925 0.044 8

Proposed method 1600  0.1313 0.1305 0.0145
CCMC 1600 0.2307 0.2136 0.0885

STMSF 1600 0.1431 0.1350 0.0475

Proposed method 400 0.106 0 0.0697 0.0805
CCMC 400 0.2477 0.2234 0.1077
STMSF 400 0.2396 0.2144 0.1071

Proposed method 800 0.1011 0.0903 0.0458
CCMC 800 0.2648 0.2288 0.1340
STMSF 800 0.176 3 0.1452 0.1000

Proposed method 1600  0.1501 0.1462 0.0340
CCMC 1600 0.2756 0.2269 0.1572

STMSF 1600 0.1693 0.1446 0.0881
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Tab.4 Parameters of event camera and lens

Parameters Value
Effective resolution 640(H) X 480( V)
Pixel size/pm 15
Dynamic range >120dB
Typical latency/ps 200
Focal length/mm 75
F/# 2.8

Collimator

HAL B nl i 42 B ROLBE

12 PPy FL e i

Fig. 12 Experimental setup for semi-physical simulation
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Tab.5 Key parameters of collimator
Parameters Value

Focal length/m 1.6
FOV/(%) 1
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Tab.6 Experimental data from semi-physical simulation

Method Velocity/((*)+s™")  Number of centroids/s RMSE MAE STD
Proposed method 5 58.5 0.229 3 0.2199 0.0307
CCMC 5 67 0.2822 0.253 3 0.1392
STMSF 5 862 0.2380 0.2200 0.093 3
Proposed method 11 60 0.150 9 0.1386 0.0610
CCMC 11 268 0.3429 0.287 6 0.3289
STMSF 11 859. 35 0.706 2 0.5279 0.7222
Proposed method 17 57.7 0.084 4 0.070 5 0.056 0
CCMC 17 101.1 0.6136 0.4113 0.6010
STMSF 17 238.3 0.8614 0.690 2 0.8171
Proposed method 20 57.25 0.107 8 0.1010 0.099 2
CCMC 20 115. 3845 1.152 3 1.003 4 1.1533
STMSF 20 168. 98 0.3715 0.2615 0.3846
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(a) Frame camera imaging of static star pairs

(0) FAFAENLIEE RIS E XS

(c) Event camera imaging of dynamic star pairs
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(b) Star-pair images captured by a frame camera

(d) FAFEVLIRIAY 2 X F AR

(d) Star-pair event stream acquired by an event camera
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Fig. 13 Frame- and event-camera-based star-pair acquisition and result
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Tab.7 Key parameters of MARS-170-662GTM

Parameters Value

Effective resolution 1 600(H) X1 104(V)

Pixel size/pm 9
SNR/dB 51
Sensor 1. 1" IMX425 CMOS

*8 NEXWHIE

Tab.8 Field star observation experimental data

Velocity/  Number of
RMSE MAE STD

((°)+s™")  centroid/s
10 55.22 0.1884 0.1746 0.0848
20 47.33 0.1427 0.1336 0.1324
4 % #®
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