54 12 I RSTEANE ] Vol. 54 ,No. 12
2024 4E 12 A LASER & INFRARED December,2024

XEHS :1001-5078(2024) 12-1906-07 - kBB AL A4 -

T I 5 A e 7 B

B,k BYE R
(1. P ER2EBE R R R IOEFHFARVIF T, LI Ba 210042 ;
2. HPEBERE R SOGFH R E S SER R (R B R SOE ARSI VLR Biat 210042 ;3. FpEBLABE K%, b st 100049)

W E.sEEE L EREEARZAELHATE BRGNS0 E 5, Z R o ZIAK
BT ZEERBNRANEF R EHRES, A FERELANERF AN AR EE L,
WAEFEAHBEEENAFZREF) 2R, EEZEF, Z R TAKXAF CPU 46 fr it A
W, Tk E T4 CPUZH T, AXHET FPGA frn CPU B A& A4 LI AT R IE, £ FE R A2
HRBEMEERENEET, RUUCRIMTERNTFN BN LERGER, FXBEAE
MO EFEANEEEN RFRAF L EARENAEZERE 45 100 x100 FILAHE B &
B F R G, I AT AL R FE B 4 4E 1281.826 s, [ E H A A B A E KR L B ExAO,
GLAO #2 MCAO % H & fl b % R A B EIFATHHENWF R,

FEER B I R OE S xR AR I RT AR I BORR IE s FPGA

FRESHSPI11.33;TP391.8  TEAARIAAG:A  DOI:10.3969/]. issn. 1001-5078. 2024. 12. 015

Research on wavefront detection and correction algorithms
for high-contrast imaging

CHEN Zhao-yu'*? ,ZHANG Xi'?* WANG Gang'"
(1. Nanjing Institute of Astronomical Optics & Technology, Chinese Academy of Sciences,Nanjing 210042 , China;
2. CAS Key Laboratory of Astronomical Optics & Technology , Nanjing Institute of Astronomical
Optics & Technology ,Nanjing 210042, China ;3. University of Chinese Academy of Sciences,Beijing 100049 , China)

Abstract ; Ultra-high contrast imaging in space is essential for the direct imaging detection of Earth-like planets, the a-
chievement of which depends on the precise control of the optical wavefront by the space coronagraph system,and there-
fore requires the development of specialized on-orbit algorithms dedicated to wavefront detection and correction. While
such algorithms have been widely used in ground-based adaptive optics systems,but in space,they cannot be designed
based on pure CPU computing due to the limitations of space CPU performance and selection. Based on the hybrid archi-
tecture of FPGA and CPU, the wavefront correction is realized, which is capable of locking the high-contrast imaging
dark region required for exoplanet detection while taking into account the hardware resources and computing accura-
cy. The algorithm of the above hybrid architecture also has a significant speed advantage in large-scale adaptive optics
systems ,and the wavefront processing delay is shortened by 1281. 826 s for a 100 x 100 sub-aperture adaptive optics
system ,which can meet the demand for high-speed parallel computation of the adaptive optics systems,such as the Ex-
AO,the GLAO,and the MCAO,which are equipped with the ground-based large-aperture telescopes.
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Fig. 2 FPGA computational simulation timing diagram
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Fig. 4 Fixed-point presentation
FPGA F BRI RIS 1 S0RG 132 119 12 336 DA A A8 A
x A NP S Bk . FPGA sz DMA FIFO J# {5 4%

WeE) 16 A7 H)TCAT 5 R A 1 fL AR BRI , F 24 i &K
e e AL 50K i AR, AR B RO 32 6 0 E U ER,
IR 2 16 £ 7 fLAe K i BnAn . % 1& 3]
TAARIIRT 2 S x5 B, LIy fLAs 2 A A bn
SRR AT, B R S RS B A 2l 5,
N T L NAFFEI AT B TR I IE AR R Bk el
(7€ R RO L BCE Ik 8, HAR BB 70 oy 3 4
T BTGB, S T AR AR LR TR R
AL FPGA B 77 it P 2558 i ZORI K
JEFR RBUMOERT , 25 2R G T 32 21 7 A U B 2L
FRIBR I , I ELIR A i AR ZE T HE— 252, A5 3]
RO I A 5 ORI 21 AP K 0
J5 s HARLE CPU AT , JCEAT 8 FH SO BE 77 1
LGP W) NS

Ule6

FXP<%,16,16>
FXP<+,32,32>

FX P<i,16,16>g§_’ Z—l
i FXP<+,7,3>
2

FXP<+,16,16> Q

DBL

Initial
Voltage DBL

FXP<+,21,0>

Recovery

Matrix
DBL

(5 Gar]
S e TR 3 S i A s B LA B A ]
Fig. 5 Block diagram for transferring the accuracy of wavefront

slope and wavefront recovery calculations
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Fig. 7 Control block diagram of wavefront detection and correction
algorithm based on hybrid FPGA and CPU programming
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