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Abstract: To improve star spot imaging quality and centroid extraction accuracy of event-based star sensors

under high-dynamic conditions, and to address the issues of star trailing caused by conventional fixed-time

W #m B 83:2026-06-15; 1817 H #B: xxxx-xx-xx
EEHAR: “+ U EEHE SRR (No. 2024YFB3909400); [ %5 A& 111 (No. 2021YFC2200602)
Supported by


https://doi.org/10.3724/CO.2026-0105
https://doi.org/10.3724/CO.2026-0105
https://doi.org/10.3724/CO.2026-0105
https://cstr.cn/32171.14.CO.2026-0105
https://cstr.cn/32171.14.CO.2026-0105
https://cstr.cn/32171.14.CO.2026-0105

: EPENGESS -

integration, unstable image publication rate of adaptive-time integration, and the lack of continuous response
levels in binary event-integrated images, this paper proposes a residual accumulating surface adaptive integ-
ration method for event-based star sensors. First, a progressive spatiotemporal denoising method is designed,
which employs rapid spatial-domain preprocessing combined with spatiotemporal clustering refinement to
suppress background noise events. Subsequently, an integration strategy combining a fixed publication rate
with an adaptive event count is proposed, in which the number of integrated events is dynamically adjusted
through elliptical morphology analysis of star spots, thereby suppressing star trailing while maintaining a
stable a stable event-frame publication rate. A residual accumulating surface is then constructed using an ex-
ponential-decay recursive mechanism to continuously encode the event-triggering frequency, thereby form-
ing a relative pseudo-grayscale response jointly determined by the event-triggering frequency and temporal
recency. Finally, the residual accumulating surface is converted into a pseudo-grayscale star image via piece-
wise linear mapping, and sub-pixel centroid localization is accomplished through Gaussian fitting. Experi-
ments on a real star event stream dataset demonstrate that, under a focal-plane image-motion velocity of
2272.7 pixels/s (equivalent to approximately 44°/s for a configuration with a 20° field of view and a 1024 x
1024 detector), the proposed method achieves a mean centroid extraction error of approximately 1.56 pixels
and a mean star-pair angular distance error of approximately 3.35 arcsec, representing reductions of 58.3%
and 19.1%, respectively, compared to the fixed 5 ms integration method. High centroid extraction accuracy is
consistently maintained across the wide dynamic range of focal-plane image-motion velocities from 284 to
2273 pixels/s. The proposed method effectively suppresses star trailing and forms a star-spot pseudo-gray-
scale response distribution suitable for weighted centroid estimation, providing high-precision star-spot

centroids for subsequent star identification and attitude determination.

Key words: star sensor; event camera; high dynamic scene; adaptive integration; centroid extraction
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Fig. 5 Schematic diagram of the exponential decaying surface generation process
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Fig. 6 Adaptive event spatiotemporal slice selection mech-

anism. In the diagram, red dots represent events
with a polarity of +1, blue dots represent events
with a polarity of —1, and the green dashed line rep-
resents the sampling timestamp of the standard
frame. The red line segment defines the selected
event spatiotemporal region. The number of events
in each slice automatically adapts to the motion rate;
in this example, each slice from Sy to S.4 contains

3 events.
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Tab.1 Astrometric Properties of the Observed Star Fields

Field Center

Field ID Central Source HIP ID Magnitude
RA(deg) Dec(deg)
0 95.987926 —52.695660 Canopus 30438 —0.74
1 114.825500 5.224993 Procyon 37279 0.34
2 191.930378 —59.688 764 Mimosa 62434 1.25
3 125.628 542 —59.509483 Avior 41037 1.86
4 182.103152 —24.728782 Alchiba 59199 4.02
5 144.302803 6.835782 10 Leo 47205 5.00
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Fig. 7 Comparison of noise reduction effects
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Tab.2 Algorithm denoising performance evaluation results

w (°/s) Raw Events Method Reduction (%) DER? SRR?T DEA? Time (s) |
1-Stage STF 37.65 1 0.7215 1.7215 3.23
1.0 ~550K Cascaded STF 39.49 1 0.7391 1.7391 6.79
Proposed 27.61 1 0.8216 1.8216 1.74
1-Stage STF 34.43 1 0.8366 1.8366 422
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1-Stage STF 36.70 1 0.5596 1.5596 9.21
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Proposed 25.29 1 0.6967 1.6967 3.82
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Fig. 8 Comparison of star imaging effects of different integration methods at different angular velocities
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Fig. 9 Pseudo-grayscale response distributions of star spots generated by the proposed algorithm at different angular velocit-
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sponse, whereas the right panel shows a relatively bright star with a high event response.
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Tab.3 Ablation results of each module at 1°/s

Method Denoising Adaptive integration RAS reconstruction X error (px) | Y error (px) | Angular distance (arcsec) |
Fixed 5 ms \ x x 3.28 4.19 4.14
Fixed 10 ms \ x x 9.98 6.60 4.81
Fixed 20 ms v X X 22.85 6.60 7.89
Ellipse Fitting v \ (time window) x 5.09 2.67 3.80
Ours' (w/o RAS) v v (event count) x 3.28 1.77 3.45
Ours (full) \ v (event count) \ 1.92 1.21 3.35
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Tab. 4 Eventlook-back and effective measurement time at different angular velocities

Look-back event count NN, Look-back temporal span AT, Effective measurement time lag ot d7,

@) Frames median [Pas, Ps] median [Pys, Pys] (ms) median [Pas, Pys] (ms)
1.0 617 742 [536, 1098] 134112, 1.44] 0.287 [0.239, 0.336]
0.5 731 1018 [681, 1472] 2.56 [2.13,2.75] 0.548 [0.454, 0.639]
0.25 990 1387 [918, 2056] 4.83[4.06, 5.13] 1.012 [0.846, 1.179]

0.125 1458 1716 [1124, 2648] 8.94 [7.58, 9.43] 1.873 [1.574, 2.176]
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Tab. 5 Sensitivity analysis of key parameters in the denoising stage

Metric Angular velocity &1 (pixels) £ (ms)
2 3 4* 5 6 4 6 8* 10 12
1.0 °/s 0.784 0.805 0.822 0.833 0.841 0.792 0.808 0.822 0.832 0.840
0.5°s 0.909 0.924 0.936 0.943 0.948 0.917 0.927 0.936 0.942 0.946
S 0.25°/s 0.811 0.829 0.844 0.855 0.862 0.819 0.833 0.844 0.853 0.859
0.125°/s 0.652 0.676 0.697 0.714 0.728 0.664 0.681 0.697 0.709 0.718
Avg. time(s) — 2.52 2.58 2.62 2.69 2.76 2.58 2.60 2.62 2.65 2.67

T3 B B OGS S 500 - 18 T iR 22 5 T 45 5 BRI T 2 g 5 Iy S AR AR B, S A
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Tab. 6 Sensitivity analysis of key parameters in the integration stage

Metric Angular velocity T (ms) Ymax
5 8 10 15 20 12 13 1.5% 18 2.0
1.0°/s 190 167 156 170  1.86 176 164 156 161 166
. 0.5°/s 283 258 246 260 279 269 255 246 251 256
Average centroid error
(pixels) 0.25 /s 260 241 231 238 253 250 238 231 234 238
0.125 °/s 148 135 128 131 139 140 132 128 129 131

Note: Average centroid error denotes the arithmetic mean of the median centroid errors in the X and Y directions.
*indicates the default parameter used in this paper.
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Tab.7 Statistics on average time consumed by each module under different angular velocities

w (°/s) Raw Events Stage 1/ Stage 2/ s RAS /s Adaptive / s Centroid / s Total time /s
1 ~550K 0.42 1.32 0.11 1.62 0.14 3.61
0.5 ~780K 0.68 1.44 0.12 1.82 0.16 422
0.25 ~1.15M 0.95 1.77 0.13 1.75 0.17 4.77
0.125 ~1.71IM 1.42 2.40 0.14 1.90 0.19 6.05
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