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Abstract: The performance evaluatation of ground layer adaptive opitcs (GLAO) is helpful for system design
and optimization. The turbulence distribution and the layout of the guide stars (GSs) are the main factors affecting
GLAO performance. Considering the impact of the turbulence distribution and the layout of GSs, the performance
of GLAO was analysed and evaluated by comparing spatial frequency spectrum filtering theory and Monte Carlo
simulation. The results show that the conclusions of the two methods are clearly consistent with an error margin
of less than 4.6%. Spatial frequency spectrum filtering simplifies the system into a linear model and it is simpler

and faster for the calculation, which is convenient for discovering the characteristic rules. However, the accuracy
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is slightly low if considering the noise and error in a real system. In addition, this method is suitable for analysing

the system performance with a symmetrical GS layout. The Monte Carlo method is better for simulating the

system running state in detail with a random GS layout. The brief results of the system performance analysis are

given in the end by combining the two methods. The study will be useful for the system design and optimization

of future GLAOs.
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Fig.1 Schematic diagram of GS with different numbers and arrangements
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Fig.2 Schematic diagram of GS with different SFOV
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Fig.3 Schematic diagram of FOV annulus
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Tab.1 Parameter of the system

Basic parameter

Spatial spectrum filter

Monte Carlo

Telescope diameter 2.5m
FOV 5’

Cut-off frequency

Sampling rate

Sensing/Imaging wavelength 0.55/0.705 pm  Quter scale turbulence Lo

Im’ Sampling period 0.7s
64 Frame number 500
30 m Layers number 7

Turbulence phase screen 4096x4096(1-4)

Grids number 819258 192(5-7)

& 2 CP-7ihiEILIEE
Tab.2 Turbulence profile model of CP-7

h; 1 2 3 4 5 6 7
Height/km 0 1.80 3.20 5.80 7.40 13.00 15.80
Fractional C; 0.646 0.078 0.119 0.035 0.025 0.08 0.015
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Tab.3 Relationship between seeing and r,
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Fig.4 GLAO average correction effect of FOV by different models. "o" line denotes the GLAO in open loop, and others denote different numbers of

GSs in close loop. (a) Spatial frequency spectrum filtering model; (b) Monte Carlo model
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Fig.5 GLAO average correction effect of FOV by different models. (a) Spatial frequency spectrum filtering model; (b) Monte Carlo model; (c) The

value variance between two models

THAAS 2 A FRIE RO — B
33 XTSI EBHIARSHRBIMEAIXTLL 57
eS| BRI . B8 @ LR, s
[ 5] R HEAR 7 2N 5 T T AEE T RS IE AR, AT
4 TH] by LU A A AR () 35 FHYE [ . A X T A0 R4,
GLAO ZRGE B RATE R, LB 76 K3
MR E AR BER . X T GLAO RGP RE T =,
IO 2 KR A 25 SR /N AR o 143
T AE X L 43 8 AN TRV HE AR J5 X B 1 5 3 G 1 45 L 4 34
RS . RS T, R0 L 4
4 70%~80%, AN [A) K IE AL 141 15 3 BRI 850, K
252 0.27", Bl 5] B AL T2 M {0 LA B, RSt
KA N A Jey /N 04 L AG BT e 344k T 45 3 7K
2 32 W/ HT AT 1, GLAO 248K 1E P RERH 51
BB EE Z M T, A RAECT L35 N & R R
IERFAE AR O AR AR, g 2 U, AT — e 55 B4
H X351 2 A 7 CRRAERLAE 14 53 B B T 1% 1%
KT BHAT R, i RO BT T, X
NFH R T RGAIERCR AR T B &, A 55
B FTGT I A HE A 5 AT TR S A 55 | B A HEA
TR b B3R A Ry 5 g P —A L HARHA
BRI 7 40 34750 3 A W WU A sy o 1B 6 T R
FiHEA 75 20N & A A 0BG o P, LRI AR
h A 70%~80%, M L 2 43 S AS 8] i i 6
B R MRS E S R, N ZE A5 43 1) Ay 2 ) A0 3 1 g A
SRR AR AT RS R N T E B T
& 6(a) PN, HIXTFIFER, 4 GLAO R GEKEIE Jq 43 B
RIEE LY 45%. FIRHEA Jr T REA AT 144y
BEAAE 5 I R DR = /KT, RIE 2 L 36 N

R SR B e AR /DN, R S R R SO HEA
AN B F OIS R IERCR, B 2073
PBAR  f ER AR K, A B G 1AM Y %
e A RE R R A R v . B RRHEA O R A R
W, TR G AU R PR A 22 R A 0.03" 11
LT, B Jmy T 4 W04 P9 e AR 5t 1 TR 441 L
Ko Mok, XTI 6(a). (d). () T, AN IR i i 21 5E
TS5 B A R — B, B T 28 [ Dk A R R
FHTF AR ) i 3055 o

BEAI, ) 2 )43 3 08 A A0 A5 3 R S8 T SR 4%
AE LG V24953 BER AR A o X 2 (B 0003 8 i
BB TE R T R RIE T RGP R 20 T
A7 B2, PR DG T AN [l 1 A7 Ak 1) 1 B 1 45
FATR o A 7 B3 B b T A S TR LE R 3 1 4 T O
TEH TR 2 80 BT R 22 4% R s i AT AL, dn
F 6(b). (e). (h) FIizm . il i 525 AT g ik B8 A 45
PLEE SRXGE LRI 0, R 145 3 ) 2R G0 ¢ LE RRAE R 7
TR —8. (HEEH LB, bl i I o B A 38 K, Il
Y St T 28 40 1A A 00 A0 A0 O 22 2% 3 A8 K,
 6(c). (). (1) Fi7ms o 32 i F7E S R i A il 7
TR e IR A R SRR S AR I A AE Y i
2, DRI R S8 R IS AL R 3R 5 A G LE R A B it
TR 2 4 R B A D e S AR (X T — A2
HUE E 9 GLAO RGeSk, th T2 s L AL kil
Bl AR B T, 322 2R 40 i A 80 E 1Y e KRR JBE Ao 2 A B
7, R T S B 2R 490 AR I 2550 SR 2 Bt 26 i T 58 8 A 48 K
U 3 SO N i 7 N <9 - Nl o
iy 16 T o 5 500 A 22 1) R AE R — 30, JF HL 2
R % A TR AT LA T Y BT A DA [ A 1 A3 1 2 T
T

20210744-6



s Gk A2

% 74 www.irla.cn % 51 %
0.60 0.60 0.020
0.55  Fmiomimimrmmiomiims st 055 [ = O i 0.015 |
050 | 050 | ~0.010 PN\ ——a
S 045 | S 045 =0.005
g‘ 040 | & GLAO-OFF § 0.40 | o GLAO-OFF = 0 _
g v 14+5GS SFOVIFOV=80% | & v 1+5GS SFOVIFOV=80% | T N AN
= 035 ¢ o 6GSSFOVIFOV=10% | & 035 I —ae6GS SFOVIFOV=10%  |£0005 | ‘
~ 030 buu . 4% 030 | <0010 | '
e S 4 e w—1+5GS SFOVIFOV=80%
025 p 025 . —0.015 | —a—6GS SFOVIFOV=10%
0.20 s s 0.20 s s —0.020 s s
0 50 100 150 0 50 100 150 0 50 100 150
Half-FOV/(") Half-FOV/(") Half-FOV/(")
(a) (b) (©
1.0 1.0 0.20
09 | 0.9 B o m o s 0.19
1g e ——— os | _ois |
< @ GLAO-OFF o 7 —0— GLAO-OFF £ 017 b N\ = )

2 U [ g |45 FOVIFOV= () > V. T —e—1+5 FOVIFOV= 0 z 0.16 e o Y
= 07 145GS SFOVIFOV=80% 0.7 1+5GS SFOVIFOV=80% | % 0 ' =gy
S 0.6 | =a=6GS SFOVIFOV=10% S 06 | —&—6GS SFOV/IFOV=10% | = 015} . _ . ~—

T S X
B 05 [Sepes ammeammms e © 05 [ = 014 F
& — Tt i 5 013t
04 F 04 t 4 0 [ e 145GS sFovIFOT=80%
03 I 03 pot—r—e———e—e——] 7 | —#—06GS SFOVIFOV=10%
0.2 ; ; 0.2 ; ; 0.10 ; ;
0 50 100 150 0 50 100 150 0 50 100 150
Half-FOV/(") Half-FOV/(") Half-FOV/(")
(d) (e) ®
0.30
14 14 F . . S, 832 -

1ot PRI S I R SR T T PSP S 12 L ~ . :
< - GLAO-OFF e T 024 7

¢ 1.0 f —w—1+5GS SFOV/IFOV=80% | % 1.0 | o GLAO-OFF | S 02 e
= . —a—6GS SFOVIFOV=10% = 08 w»— 1+5GS SFOV/IFOV=80% S 020 b o _ -« -
§ B e e ——— § S [ —a—6GS SFOVIFOV=10% 5 018 t
T 0.6 L T 0.6 | % 0.16 | =——1+5GS SFOVIFOV=80%

JE——— eeae—t 014 | —8—6GS SFOVIFOV=70%
04 | 04 F ol b
0.2 s s 0.2 : : 0.10 ; ;
0 50 100 150 0 50 100 150 0 50 100 150
Half-FOV/(") Half-FOV/(") Half-FOV/(")

(®

(h) ()

6 ANl PR T 2 IR A ERCR [, Horpeo” BERARSRTTIR, “A” 5 v B 5 22RIE 5 WIR1+57 T RGP RERCR
ML ETACERBAL TR ro 205128 15, 10, 7 em, NZEZRA 72 [FTHE ISP | SR IR A S A R I G 22 8

Fig.6 GLAO average correction of FOV annulus under different turbulence profile. "o" line denotes the GLAO in open loop, "A" and "V" denotes the

GLAO in close loop with single ring and "1+5" with double rings GSs. From top to bottom: ;=15 cm, ;=10 cm, (=7 cm. From left to right:

Spatial frequency spectrum filtering model, Monte Carlo model and the value variance between two models
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