Fo4k FHoW S S TEAN ) Vol. 54 ,No. 6
2024 4E 6 f LASER & INFRARED June 2024

TS .1001-5078 (2024 )06-0878-07 - VOB A R -

W AL 5 R S A0 2 0 EORS LT B 5

RAM K HEE HFF TR
(1 REFT R T BTG, b KAR 130022
2 AT DR M7 & TR0, A KR 13002233 LR Tk e 6, 1Lt 100081)

B E AT R R R, R T — AR RO R oK R R R R B BT %,
AR AR BB B e T AR, SR T RO A B K T U BB AE R R A A LR A 2 R
WE BN, BT EERTH P BMRAF L. ETTHRATARABRE T L BE
R B A SRR A, R A A T E R B R R E R TR, LR R RTINS R
5BB I HEREFFRARERL THREHY &, e R EH AT 0.9767; 2 TR K K
M o F A ROE 7 % RR = W U2 AR B AR B AL oy S BTt A R AR AR AL B X R U R
oA L R AT AR R R TR T, R B O R AR N R IR Bk xR AL R B
AR P B ROL BRI AT T — I RS R R, PR B R A RN R (7 AR A
MEHBERE LA mARHLLEY &

KB HOL I KA B 35 18 w7 A Ao

FE 43355 . TN929. 12,0436 SCHERARIRAG: A DOI:10. 3969/]. issn. 1001-5078. 2024. 06. 006

Complex-domain simulation and modeling method for atmospheric
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Abstract: Aiming at the effect of turbulent distortion on the optical field, a new method to simulate the atmospheric
turbulence effect of laser transmission is proposed, which realizes the joint simulation of the atmospheric turbulence
effect of laser transmission in two dimensions, the amplitude domain and the phase domain, by using the statistical
properties of the atmospheric turbulence effect,and the method is applicable to weak ,moderate and strong turbulence
cases. Based on the two statistical models that can describe the optical field amplitude aberration under different tur-
bulence intensities, the stochastic differentiation method is used to obtain the optical wave amplitude change se-
quence, and the simulation results of the optical wave amplitude change sequence match well with the theoretical cal-
culations under different turbulence intensities, and the fitting coefficients are all greater than 0. 9767. A power spec-
trum inversion method based on low-frequency harmonic compensation is utilized to generate a time-varying phase

screen using a third-order Bessel function stochastic curve design to simulate phase aberrations in atmospheric turbu-
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lence effects. Under different turbulence intensities ,a Gaussian beam is used as the light source,and the simulation re-

sults show that the simulated effects of the constructed complex-domain simulation model of atmospheric turbulence

effects coincide with the actual atmospheric turbulence aberration process through the normalized statistics of the in-

tensity of the received spot during the moving process of the time-varying phase screen.
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1 51 §

WG 55 R ARG I HR R A T 5
M), AR T v A% i o e v s 7 AR T I R
AR RSB IR T ORI A AR T, R T G
(PRI , 8 11 3 EOE AR SR N AR h B
R A AR S5 22 R TR RN, 3 O R v S R
it R R AR AL, R A T IO R B AL
fEJT, s S RO e RE M BB N R Z —

T SO P R/ i 255 ) A 3 0 355 L
WA SR SRR RIS, PR AT K2R
FHEARK 5%, i B R I i P B s AT, 3
1 BRI G R AT s X E i TR R
it i RS REPE I AE EAR R R B o S0 Iy ik 2%
B ] S SE 2R R 2, RGO &, AR XMEFRTS 4 1
MR 2SR . BUEA I R S E T8 S Mgt
REETI A SEB AR 3, mT AR SERR OG5 TR
RGBT A — 2 P S

T, 8 37 KA B A OB 7R ) 3 2%
it D 5 | A 14 T W 72 KL S WA T X6 AR 57 W 725 1)
AL, [ PN AN E AR T 22 Bl AL AR 37 7 10 5 (A 0
D5 QTR A o (FFT) (19 ) 2R3 S 35
W BT B R A ek D
T U5 2 ok B s | Zemike £ Wi R ED R A
WO AR A D) b X e T R R
BT IS | A AR AE , I 200 1 i BE AR, 33K
T3 EAS ARG, TO A e 2T 1) R 25 Fh ot A%
i T RE RGBT AR S k.

FEl A T 22 R A 2 i 3 S s 25 A 437
SIS OB . 1983 4F, Knepp 451 SR I £ 4]
B PSSR 125 A RSO A i ko R v A K
AN B e i 2 A AL, e e —
ANFEAE S5 T 1) TR B0 A A1 52 58] DR s e 32 S
7L IR A7 Sl e 72 52 i) 1 ' oA, I i T AR 67 o A
HidZ , FEOCHE R AR, EXH TN
HATR MK . 1997 4F, Kouznetsov 25" 5 i 7
2 SR FE T 2R I T 1 A K — A BB LIS 3 5 i —
ABEHUAHALER , 127 35 1 B S500IR e 1 AH G AR 43 o
B ARBL B AR BB ER R S5 R A TR
B BRECR H BN B A SE T S F— A B AR T 3

T, PR T FFT 3R T2 3808 SO a el . 00 %
JET R R W 7L 5 A Ao W A 2 ] AR DG M, (H LR T
1) Kolmogorov 3y & AR AU SR AR B i it N L AR
JER R, HZ 07 ¥ AE T T 55 i i 1 O, 2015
A T ERA S FESCHR [ 10 ] S E T Xk AL )
MBOCIEAG S T 2T W )5 22 BE LA A7 B B0 1Y
Ji ko DT VE 75 TR 8 Wi 71 5 A AV Wiy 722 ) AH G
PE, SUREE TR i Ui N A RUBE B 52 i), AL 7 ¥
AN 358 i 5 00 , A3 s i B A O, A7
TEAR KRR
AR SR R It 5 | S 1 DGR DA MR e T A5 B A
AANEEARGET A4 St T — R OGO Ui i
RN S I By o %07 vk R DR R A
FROZRRAZ I 2P, HLE 55 o =R i i 1 O
HIESEMR R R T ), STt TR RS, il PV 5
2 REmRMMAHERERE
T E AR R A A5 — BT DA JE g 2 A
A A AT TR A T REL D FLREAEL, T T S 5
2.1 KA B e R R
TE Rytov IRl , SE3 AT LAE O -
U = Uy(Prexplyp (7)1
= Uy (Prexply(#)+ il (7)1 (1)
A, Up (7)) AR FM TR 7 R iiot
RAEE— R ¢ () AR ARNIIRAS , 4335 X0 Bk i
W22 x (7)) MAALIGAS £C7) o
RGOk 1 A
L= [0, PexpCy + ¢
= | U, [Pexp(2y) (2)
FE55 i SR EE T, SOG4 40 52 T it 5% el 1) Wit
JEE7E Ak i A KT B TE 285 HE 3 %5 J3E oK 1 ( Lognormal
PDF) 735, 7255 3 Ui P8 T, WOGA% i 52 i L 52 W)
FRO MR B A2 A6 ik N Gamma-Gamma 4 32 %5 2 bR £X
( Gamma-Gamma PDF) 4347 . I, % ] Lognor-
mal PDF Fl1 Gamma-Gamma PDF A 1§ Bt 38 4H 3¢ I 72
BRDGHR RS AL i R 5 e B w2, X R
MESBR G C /N TFET 1 x107 " m ™%
FH Lognormal PDF, LUl 5 Ul A=



880 a5 RS AN

554 %

P(I) =

1 exp{ ln(]/<]>)+;af(?,L)}’I 0
]U,(?,L)/E - 20’?(?,L)
(3)
A, TFRIRN 0, (7, D FRINIRIE 5 (1) Foom
SR E6ER s 1/ (D R H— AR, 24 RS
FRES RS C,? KF1x10 " m R
Gamma-Gamma PDF , L35 un/A =

(D = [ p,(110p. () d

2o Py
- F(a)F(,B)I Ka—[;(zA/a'B])a

I>0 (4)
SR T RN IS, K, (o 58 v Brigss =%
BIE D ZE/R BB, Hob o F1 B J& & T Rytov 72
O o IR BRIER, 7R -

0.4907,,., N
- Lov _ 1 5
o [GXP((I 1 110_}‘2)//12")7/6) ] ( )
0.5l0% B
= ex ylov _ 6
p=| p(u 0. 690-5)/[3‘)5/6) ] (6)

Rytov 7722 0, PTHH R SHFAES B LS H
BC? BOGIE R BRI B L HOGHEC k= 2m/A
(A RER ) HhE' ™ .

Ty = 1.23C2K7°L"° (7)

BEXIAL 23 1 & WO A% i 52 3 RS it 1Y 5 R
i, & F] Hufnagel Valley (H-V) BRI S5
iR C, LRI R AR TS, SR R b
) R :

iy = 0. 00594(%)2(10-5;1) Cexp - L) +2.7 %

1000
10716exp(— 15}60)+A Xexp(—&) (8)

A, v TR DL m/s BRI BEHLIAGE ; h F7R MR
P R, B R my A RoR DL m ™ S B (Y
WERF TR R H R A = C,7(0) &
B &R, M E v =21 m/s.A = 1.7 x
10714ran/3O

e (3) &KX (4), B LR 2
(SDEs ) & F 56Uk B s i JE it — 25 A= iU AsE 7R , Bif B Ak
AT

P 0,p) +/0:) 0.1 (9)
_ 2 (* X - (o ) dx

0:(p) == 05| = o pCodx - (10)

0 == P Lt (p] (b

K, p = I/max(1) ,max( -) FRfRIE; 05(1) %
R EEEE L (10) 2, £, FoRR R R E E R
Greenwood 714

BT AK(9) i R # AR A A

dp = Q,(p)At +/Q,(p) Q5(1)At (12)

o (12) S B 5 R ME DL 2R 7R 1 i =X, i
K FH Implicit Milstein JFHIT BIARTGA X (13) , F1k
faifR A (14)

P = pi + Q1 (py )AL +y/ 0,(p)At Qs + %Q’z (pi) -

(@ - DA (13)
A0 (py ofo)ALdQy, + [0 (puofe) (3 = 1) +4p" ) A1

pro = 41+ 1)
(14)

FEXF AT (14) 2R F IR A 53 38 3 8 75 2 A 1) Bt AL
BERAEA By, FE RN R i I i B i BT 7 5
Wi, EALESE— M po  RIG TR TR
o1 ps s prspra st IEATE plry fe it o Hp,
B plry f, 0} 2 5 RAFFAESFE Greenwood il
Hfe KR,

2.2 KA RO R AR e R A AT R

8T R WA ] A A S RUBE AR R A
TR - R IOR N

0.023 x r, " x exp( _L

Qn(f) = (fz +f02)11/<) (15)

Krfr, fRRZEIIRE; £, = 5.92/2ml) 5K
N RUE [ 2%, fy = 1/L 5 RSmis /R L A
Ko rg ARAAMTRIE, H 5 RIr I 454 5 4

ro = (0.423LK % C2) ™7 (16)

FH A2 v 0 I e Dy 3 3 ek )~ 5 iR A T U
P A8 — > T YE BN o 4 LA T
TR L A4 Ty ik ] DAAS B — A R R AL 17 37,
11D 8 YT T S A

P(x,y) = cfZ ,Z LR, (f..f,) +iR,(f.,f,) 1 X

VO, (foof,) expli x (fx + f,y)] (17)
K ¢ DRI AL BE 0 T 2210 % % R, R R,
S FE A B RN B 7 22 B ST = B B ALER @ =
V=1 ORI /D, (ff,) ML G
TR A i i AT 5 R s ) i 3 B C R R AL« =
mAx,y = nAy,Ax 1 Ay 535 k25 B x .y F5 1) E
FRAE IR, 3X BLA m F n Y5888 f, = m/Af, S,




B 5 4 4 No.6 2024

BRI O R A S Ik 7 F LT 0T 881

= n'Af, ,Af, F1Af, J35 N 2y J7 ) F R RAE
(] R , X HLEY m' 0 n" S4B %

BET Iy A0 S 1% ) ISR 57 5 A5 A0 EL et 2 ]
1 7R, BSER M BRI A48 R i 12, HLE R AR L
AIRAI IR I , 2837 B 0L D o 28 Jn DU R U8 D A4
AT Bigh' x Bigh A~RAE S HHINI B L RIGHh
T3] n NESR SN AR (N x N), R
S IR BB R 7,0 (2) = A x &7 + B X
35°(1 —x) +Cx3x (1 —x)> +Dx (1 -x)",x =
0---1 A BB T i £ % gkiz g, o A B.C.D Wy
BEBL 7= A= 80U A B AR B, B D B8 Bl
(Movespeed ) 5K FBEH KU ISR T

- - N (18)

e = X
Umove v BlgN

BIL AR AR B A s B

Fig. 1 Schematic diagram of time-varying phase screen generation
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of laser-transmitted atmospheric turbulence
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