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Abstract: Aiming at the problem that high-orbit satellite target-pointing on-orbit autocollimation systems cannot achieve real-time light
spot localization under limited computational and storage resources, this paper proposes a storage-free real-time localization method for
autocollimator light spots based on a parallel pipeline architecture. By utilizing the decomposition characteristics of centroid calculation,
a stepwise centroid computation method is designed; The row or column centroids are calculated first and then combined into a two-
dimensional centroid, realizing storage-free computation of the light spot centroid and avoiding the global storage requirements for the
original image data. A sliding correlation filtering method and its FPGA implementation scheme are developed based on the parallel
pipeline architecture. A Gaussian negative second derivative template was used to effectively suppress background gradient noise and
random noise through real-time correlation calculation between pixels in the sliding window and the template. Hardware optimization
designs such as pipeline multipliers and additive tree accumulators were utilized to ensure synchronous filtering operations during data
streaming input, reducing noise impact while ensuring real-time computation. The method was verified through simulations and actual
hardware deployment. Results demonstrate that, under the premise of ensuring computational accuracy, the proposed method completes

filtering and centroid calculation within 246 clock cycles after reading the light spot information, utilizing only a small amount of FPGA
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on-chip RAM. At a 25 MHz clock frequency, the computation time is only 9.84 s, with an average deviation of 0.032 pixels,

achieving both high precision and real-time capability. This method can significantly improve the real-time feedback of on-orbit

monitoring data for optical payload line-of-sight pointing in high-orbit satellites, providing real-time data support for tracking and locating

high-speed maneuvering targets, with important application value and prospects in aerospace remote sensing.

Keywords : light spot localization; storage-free; pipeline; FPGA

0 3l

il

fe R TR AR RAL RS s AL 8l i sl A AR E
(LG B AT N (R, B HARDLEh R R 2y o, H
P ) 2E LAY S P © B A D AR AR, AR 2 R
TR Y U S EE A% i H R R W S, LR TR 4 T
AT EE R R SO TUR A R ] e 7 B
7RI PR EOR . I TR RS R A, LA
AR BT 1) SCHE S5 5 52 R 5 7= A B 78 | 3L
RIS v i 22 1 3 B AR e RS . Sy S Rk
TEAL , ALZTR AT S8 A B0 Mt I B S92 Ik SR IR Al g 1)
A R R AL 1) 2 Y I SR E R AR
TECTRAR AR , A DG H AR 8 b 38t BAR TR RS 1Y
SR TR R IAE , AR AT B2 B AR 28 E AL, 78 T
TR 512 v i S S B R ) 8 A e ) AR R B X
SR LA TR PI0 S5 A To0 2BE e AN ANEE ORiE J DH
FESE FE A A S I SR DA PR R G BE S X 4 A
JEAZ G| A 4 1] 15 2 Al H PR o 17, e 4 PRAIE R B 2 H
B e SRS FE RSP, S T AR e Y S i A BRBE D £
TR ST S R H A S TE

DG HE, I B A S — o v R A R v
Pz R T AL A E RS O T AL T
PRI AR T AR 2 U, e A o R o
b RN, IEAE A T SR OGRS
IR A AR AR R B I, A I B B 1 R GERRE T
SEPEAE I RRAK M 0 I i 2 J TR Ay SR S I TE B
TG BRI AL AT 1) A2 AL, S iR RS B H AR 1) 5E AL
[ESiixicn

IV LI S 174 32 R AR T 0 SO OG BE R Y Ak
B XCBE B AR 4 bR TEU0 A AR S R R S
IR S, 2022 ARRFAEIR A6 R T — R £
P B T S 1 sl ALt 3 — AR R R AT AL oK
W%, 7E 150 MHz BTS2 11382, 4 TIRUKPF a4
b (giga floating-point operations per second, GFLOPs ) 4
fi.0. 29 ms TTALIFA]FI 105. 45 GFLOPs/W RERL, i 4%
FT BFREIRER, 2023 4F Su S BT — LT
YT 4 #2328 45 7] B4 1) (field programmable gate array,
FPGA) I 4% S A b B 22 5 1] T3 (8] H AR A, 2R it 151
R AL BRI E] A 22. 064 ms , 40 B EE IR 45 fps , K 2R ik

5 96. 36% , IRELEHITE 15 W LI, 2021 4R Jal g 451> 41
P TR B A o) B SR AL 2T A0 B BRI ) 2%
(enhanced infrared small target detection network , EISTDnet) ,
i1 AR R ST I3 —14k )3 —4k (batch normalization , BN)
JZ G BCRAIE S 2 (R A, AL g R M BE DA T 2R | Ak 34 5
JESRTY 1. 33 4%, iz A Bk 2> 2 48. 46% , 7E 180 MHz
PPN A3 32,37 ms JA B, W6 2 2 AR B OR A AR
5 TR, 2024 4 Panousopoulos D201 P 7 — i
FF Zynq-7020 FPGA (2 IRE: R 40, 38 i Pk o {5
(fast gaussian fitting, FGF) 8 SEPLT 1.9 Ghit/s &
i3 F 26 ms AYARIHET ], 00 iR 22(K 2 0. 001 pixels, Zb
PR SR TL T 8 fi%, 2024 4F LR AR R I T —Fh Ak
T30 R W 0 R OR B OG B TO SE R S Sk, SR T
50 MHz BT 24. 8 ms B33 FE DL & 0. 029 pixels 1Y
MR LA EBFGREXT B AR IR A e 2 e b 2 Ak 3
HEAT TARZARE (A S 53 0] T8 S RMAE A 05 05
BT R TR i TR BN X3 B U5 A 36 T ks 1Y
PR [F] 2 [ PREE R TT s 55 2R DL R TR B
155 % A AR A SOR BERFE— DR 1 B IR,
A B e OB A A3 SRk AR T T b T A (H A
07 FH I 2500 81 ¢ 050 B o e DAl SR SR PRt iR
o T SE AN AT St 2478 [] P i Y 552 PP SR ) D' 35
ENEE,

BEOXT s R SR TR AE B B PR T A AR R A
TE 1) i AP T A 0N 1 A o ELSOGBESE 1277 15
TR RAE T IR AZ RIS O, Bt T 5 T 0 i
B O SERERE L 0 07 8 5 B X8 3R 32 Hh RO it 1
TR TG 0 UG R I Oy 12 5 it TOLBE .G
BITEREEIR FPGA Ly 58, SE L 1 T IRAT K £&
Y TCAFfifE S DGR BT OB, Ay v e SR T %k sy L
By H AR 10 S I R B2 o7 1 (H A 800 5080 S

1 BEENEXMEMTE

11 ZEFEHRAEEENERE

I ELASCR — Rl T2 A ol B B 0 i i A
EEH TR BN A E AN R G
TG R U S A A O R 168 e 2 B 4 R ) B AR 5
AR ISR AL B R I A4 L 04 S S s
WS TR [ o AL, R LR R AR F B R A X A



208 f# £ ¥

a6t

GO RO RS HEATTEEE, BRIV AT I A5 15 0 4 L B S
Bl M AR e AR AR 0 f A A

AR A TERE A7 I 32 S0 5 IR 2 00 52 ), L2 )
TIRY 3 AT 2 R AR AT S B A5 A8 A B LA 1) 55 5%
SES R IV, F A BT O B 07 B A R 14 £ JEE 2
oV PN e AR e e O SR B Y A R AR AR AL
RERS X S 2 RO 728 AR R A7 00 45 R0 S 36, DA TG R 9 K 45
RS ISR IR I 4 . MR ZS A AT AR U AN TR, ]
VA FH B 15 1 9 A SC 0 400 60 i 422 0 2 A8 4, o AT LA
I 6 M B A DR R D 20 7 e A
2 [A) 4 R e A 0 DR AN P 1 R

AR A

1

| e BE
! £d
! n N\
i i
[

1

1

]

]

]

VG e Ay R 1
' FIHE LB BEFE ‘ IA” :
1 - ®- 1
. -___,_,_,_,_7 ____ i 1
] EEE = B 1
1 . T, x1 AL 1
1 3k — 1
1 E - il 1
1 & _ 1
1 T e N 1
| T Ly St B2 1
| R eIy i
1 i 1
1 | lAyZ 1
: A AR G T— :
1 1
1 1

BT s AR A o 0 ot

Fig. 1 Autocollimator schematic
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Fig.3 Relationship between template width and spot width
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