Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

ETSINBEREEMRRBOLFERSZ
AR RERK AR A8F X
Generation of turbulence phase screen based on gravitational search algorithm

Zhang Dong-Xiao  Chen Zhi-Bin  Xiao Cheng  Qin Meng-Ze = Wu Hao

5|5 K. Citation: Acta Physica Sinica, 68, 134205 (2019)  DOI: 10.7498/aps.68.20190081
TEZE 2 View online: https://doi.org/10.7498/aps.68.2019008 1
AN View table of contents: http://wulixb.iphy.ac.cn

R REBOGER I HAB S B

Articles you may be interested in

FEE BT RAE O S A3 SR i U A 525 ) DR 4L

Fast simulation of atmospheric turbulence phase screen based on non—uniform sampling

PIHAAR. 2015, 64(22): 224217 hitps://doi.org/10.7498/aps.64.224217

TR TR Y S5 B
Experimental investigation of open sea atmospheric optical turbulence

YrHE2EAR. 2016, 65(7): 074206 https://doi.org/10.7498/aps.65.074206

A HL IR SO i A U RS2 R T
Experimental investigation of the outer scale in atmospheric optical turbulence near the ground

WIHEAEAR. 2015, 64(22): 224216 hitps://doi.org/10.7498/aps.64.224216

A TR OR OG- i U 2 TRV RH AR Y SE R 5T
Spatial correlation experimental analysis of atmospheric optical turbulence in the near ground layer

WIFEAEAR. 2015, 64(11): 114212 hitps://doi.org/10.7498/aps.64.114212

HETANREVC BE A7 A R Bk S S A

Quantum walk search algorithm based on phase matching and circuit emplementation

YIFIEH. 2015, 64(24): 240301  hitps://doi.org/10.7498/aps.64.240301

BRGSO S P W L 3 TR RS i D R
Estimating optical turbulence of atmospheric surface layer at Antarctic Taishan station from meteorological data

YIFIE4. 2017, 66(3): 039201  https://doi.org/10.7498/aps.66.039201


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190081
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.64.224217
https://doi.org/10.7498/aps.65.074206
https://doi.org/10.7498/aps.64.224216
https://doi.org/10.7498/aps.64.114212
https://doi.org/10.7498/aps.64.240301
https://doi.org/10.7498/aps.66.039201

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 13 (2019) 134205

FERTTE

1 %jﬁllj:l

%?3Iﬁ?§2?§7‘£ﬁﬁiﬁ”ﬁ}m7fﬁ1‘
RERD) HBHRED 4%

1) (MiETRRFAFIERXEFE5EFTRE, AKE  050003)
2) (32181 #FBA, AL 050003)

5K A B D

(2019 4E 1 H 16 HUk#; 2019 4£ 5 A 9 HikZIENR)

ARSCHE T — Bl AT AR Bf A2 i ¥, 45 G T 22 SRl B AR i (FFT) BB 5 5 i i A5 . 28 gt
(4 FET AR e T AR o0 ) 7™ S O, BRI 1 A voi o JEE A 52 B A BT T B I, A IR Z!KSCH'*HQE'FB’JTEE
ST B AR IBCHE R, T B A A AR IO ) AR R e, K 3 RN A5 B B 2 RS W AR 15 . 4
FH, HME R AR DUORG B 5 ARTOR AR SR 20 A A OG, BAFAE— ﬁﬂiﬁﬁ/\?ﬁﬁﬁ%?%%*ﬁuﬁ?ﬁ@’ﬁﬂb‘?ﬂm
5K PRRR 1R 22 /N Ry R SL 5 A R JEE , AR SCHEIRC T 16 AIMIRAIURAE T, SRAE SUAL B Hh P15 2 S0
SE , I NG TR R B X SR T A4S B B A A ARIUR A s oA 5 LSRR, 1207 vk 5 1L G AR 4b
DT AR FORE BB e T 12 U K, HLs 5 B O 1% 48 k.

KR KRG, KA, im iAo

PACS: 42.68.Bz, 42.25.Dd, 42.62.-b

1 5 =

RAmAL Y32 B S BOR S 95 R BENLI 3,
AT P AR R, LA 2 A A
FEELRNE 7GR M. O X G A i ) R
FR A IRIF N EENLT REIATRE, TR
SR RIME, — AR FHARE 0 A (9 07570 B2 Tl i I
FHALGR BRI BB T B A AL

FURIT, X6 AR L D 3 A T R g 1
A (FFT) B5E5FR 2 J71% P Zernike 235X
£ BT Py 283k B0 I A R T - DL R —
A 7k ML LA AR B A 7 ik, 2T
FET WSR2 J51k (MR FET J7ik) h T AA
PRFT A OL ., B2 0 T AL B AU,
R 23 DG AR | RO A R RS 5 2
GEry 1 BT S5 ZOR SE PR I 0617,

* E BRI E KA (LS 2004053) RIS
+ HfEVEH . E-mail: zhang58452s5¢@163.com
©2019 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.68.20190081

FET 77— WG fa, RIS A 43
Ik SRAE, A A B AR A 7 e = ARAATER 7, 32
GESEER VG 3o S i U Ml 7107 NS
A9, Herman 1 Strugalal's! £2H T F U /BZ
MR ks FET J5 ik ARAS 2 i R, 32

S SEAR I A AT DX A P B/ ) SR AR T o of 5 1
X TR TORS i AL, DA T AR A5 B 2 B IR A
B AHZ T R A3 A MEE AT BRI HL 238 hm ok
W, BUIG, BORER 22 102538 X UGB I+ M 7
AT T e, Wﬁn Lane%"rr“q FIH Z 9 i %
DA S BRI M, BREBR =y T AU BE SN T
A ; Johansson %ﬂ Gavel 2D RS X k47 179~
J&, AR 2205 & 5%; SedmakY 2 T —7Ff
TALR RIS 7, [RIRMES T AR B A9 e AR
S B ERIR Z R 1%, (BRI EE I T K
LA N R Tk B U R R R 43 BT LU
BT B RAEAT) R I ST S [ BR i, XT3

http://wulixb.iphy.ac.cn

134205-1


http://doi.org/10.7498/aps.68.20190081
mailto:zhang58452sc@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 13 (2019) 134205

TP PR AT o AR R AN BIE Y. 2013 4F,
Charnotskiil®? $2 ) 7 —FP 5 g iS4 A B3 1 X}
ARRATUETS S 1) 285 8 SR AR 0 v A0 3 ) s i R SR
e A AL B R R ADURG B2, AR T BB 45 21
2014 4, ZRA MG 2324 [RlRES L T R AR A%
R T AR B, 25 SRR WD 5 A A 454
PRAN S FRISB5 M s BT S AR AR AT (HJE RPNy
Pl TR THESASRAE, Jovk A0 F s i H
AR, T RS

R B v d B R I AR 1 S SR A ik ok
FEBRE L, ASCER T — PR A AT, FE
XS 28 FET J7 ik, e DX sk 19k
A8 [v1) B8 RO RS I R 1. ARV DX e A TR A
KL, DABERLGE AR 2546 pR BORER S 2548 pRESR) A
2N B eREL, R JI48 R B RAE AN
ML E AT, TS A BEAR LR

2 MRIMAME FAER

ASCHE B AR R AR BT A i 0 DX 22
Wi FFT fik—3k, 2 X BITE TARAME B 1Y
A ARAIAMEE i TR AR A 1 o34
B, TARAIT A M 2 e TARAIURAS A 67 B
At , A PRIEARRLE A G BE DL K Ak AR e sk
JE, TEPRUEMRAT R MEHE BE A a4 S s sl /DI
R SECR B S8 KRR IRR S A,
TEHX 16 A RAE AP B S REAELE PR IIE =
R B [ I e AR S5 P A B 8 S AR AL S

WAL 1 7 R AR DX a8 B2 7 v A DA 55—
SRAE AT LR E T X P, Ik Xk P (4
NGERIT) AL 0 LU SRAE AU 5 1) R
DI AN 16 A RAE L, MBI AIE i, AT
DX I S G SR A A L SRR 4 Ry DA T X3, 4351
b TR AR YA BR, 25 58 3 i i P 5855 1) %
PR, OASGRR 0 6 & AR TRl A B SR A 5T HLA%
SR RAE SO R A5, B H 2% i — AR
) 4 A SRAE A BT

TES G BRINA LR 2, y 5 ) DL S i s i et
FALTT 153 s =S AT TE S SRAE A, AL
SH AL foBE (f1, f2 € 10,1/L0)), R 2 7]
oy 7 WA i A — DS EE . TE& R BRI
£ AL 53 0l R T R AR, AR AR R (£1/L,
+1/L). U, B RAE s 25 [ R AL R 220

SE , MR BRI, (IR ] om
4 4

PLow (mv n) = Z

j=1k=1

h (G, k)

X AJD (Fayer Fupe) Dy Ay

% eiZK(%fzjk+%fyjk>7 (]_)
Horp
5/ —11/6
@ (ijk7fyjk) == 00237’() / (f:?jk + fy2]k + f(?)
(2)

N Von-Karman JERIFGEERE, f,, A f,  HIE 1
JIT 7R SR AR 25 (AR A AR, A fy, FIAS,,, R4
RRE R AR IS, L, M1 L, ARG FRAE 2, y 7 A
AIRSE, N, N, 533 AL BRAE @, y 77 18] 1R
SEL moA n MR, fo = 1/Lo N SR AN E
Lo HIEMIZS AR, b (5, k) WA 00707 2210
I e TR

f. A @ Original samples
e Low frequency samples

Ly f2

¢ N )

First| sample i f
grid grid v

First sample
grid

1 ARBURAE s A
Fig. 1. The distribution of low frequency samples.

Z I, 138 TARBUAME AR, B &AL 5
FR AR M2 57 = SRR AL 58 AR A3, o T i A
BLBE AR T AR 2 ML FET J51%, FrLOX BUE
P25 R AR RS

N./2—1 N,/2—-1

22

m/'=—N,/2n'=—N, /2

OHigh (M, n) = h(m',n")

X \JB (/AL A L) AfAS,

% ei21‘[("}\;;n+7}\;7:)’ (3)

134205-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 13 (2019)

134205

H Af, =1/L,, Af,=1/L,, &(m'Af,,n'Af,)
wn (2) KPR ARSAMEBE S H R R R e
E, RSB ™ HE AN R R A5 AT, 2RI AR
R AMEE oG BE AN TR], A R OC AR D0 2 At
ik, A5 AR IR AR LR A5 H RS BRIS 4544 R
Bz A R RS R 22 IR B /), MG i A FSC A AR 2 B

R e

3 Sk

VLA Z 0, B B e i) BAreR
B, TE ISR 57 57 2544 PR B 5 P 45 H) PR KL
PIARRTERZEVE R H AR R %R

BEFDURH AV 5 1) 25 4 R B — PR B L e T K i
IRSHRR L B SEBLAY , AE R Fanhn | AR B35
7RI B SCHR [20] AT ik, B
BEFUAH A B 1 A A G BRSO T3 L2540 pR B, BE4DUAH
57 5 1 AH 6 PRI e A3 B R R M2 5% 1) ) AH G
PRECRI SR A R 4 BF 1Y 1A G pRBCK A 1T 225 3C
ik [20] R (19) =X, HE RS — RS LI T
IREE T, 10N By, IRATAMEBE I [ AHC s AT
i =Rk

j=1k=1
X e‘2n< Z@anzjk I]Isnfy,k)
X Afr DSy, 4)
FH I AT A ELAUURE AL B B A5 4 PR 1)
Dy (r) =2-(By (0) — By (1)), (5)

/ﬂ‘:q:‘BLP (’I“) = Bsonigh (T) + B@Low (7"), r=v z? +y? H

FIFLIE 1 P 2 OB, BRI = = T2
L SR A 3 S ORI 5
Y

BIAHRTRZE

=

DW (’I") — Dtheory (7’)
Dthcory (T) ’

HA Dipeory () AEHEEEREL, T AR PU:
3/ Lo\*"? (rLo\”®
() (%)

() fresl]. o

(6)

Ere (1) =

Dineory (1) =6.16197°/3

o ro Ay Fried 28, R it 5255 Ks6(-) A
0 =B TE A B FER B A 1) 2 Gamma bR
BT AR 22 D BE B A pR R, DAAE SN bR R
BORAGIE R, PR AL FE R E R P Y ek
FEXTIRZEAE LA B bR R EL:

Emax = Max (|ee (7)]) s.t.7€[0,L]. (8)

7 PE = R S A SR A LA B v AR R 22
X /INRUBE AR PRS0, HLAS BE B8 (TRt A b
%, DRI ZT0RE S A o 22 B AR SR [25] A ¢
B 2 A MBS AT, e A1 25 52 ) P 3K 38 7
H BN R 5% 2o @), RIS R 3 &8 43 1 1Y
T RAHRRZE N

emax = max (|ewe (r)]) s.t.7 € [0.05L,L].  (9)

K H 51 J1 4 R B 1L (gravitational search
algorithm, GSA) XJRAMIRAE & B PR H S H0E
Ak, %3t Rashedi 45 26 F 2009 4E 14 iz
SRR AR 5] /R SR BT i e R AR Y
U A R VNG I IR A LN OLY RN g% i3
KA G e U0 & Ak B HE =86 B
waa AL A BT NS | 3R LA A A i
BT, BRI T S2 30k [26).

T UL 2, AR 5 | 48 REE AR
B v RIS S B 12 g ) B, AN FH T SR B g
FH, R B AT | T3 R e T, 32
RAFOLAL L H L IZ T RE MY I & 2T AR ] )
P ZR AR ) B L B TR T AR S A2, (A
LR TE R LR AN 7= AR R B 4R35 . R R
JEE RIS BRIy R AR Sy 280;

v (t4+1) =rvd (t) + ad (t)

+c1oT- (pbestf (t) — x¢ (t))

+ o1 - (gbest? (1) —zd (), (10)

zd (t+1) =z () +of (t+1), (11)
Horprod (t), of (6) R 24P 4 0058 R A
B, dNFEARLAERE, TEASCP YRS 25 ¢ YTk
RREL r, r1, o R[0, 1) Z B IR NIE 20 55 A B B AL AR
B oad (6) M MRINEE EE ; pbest? (¢), gbest? (£) 73
A & B9 D7 S U B A R T R AN o,
co 53 T RRE R AR B A RN 4 Ry B o
20, TR IR FH AR I A8 29 5 10 1) B AR X SRS
el S T 0 A A A R b A A Ry 4 2T B A ek

134205-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 13 (2019) 134205

R co BT T AU ZRENE. 45X IR AL TR m
s

—2t
arccos +1
) 1 tmax

c1 = cis + (c1e — Cis - n )

—2t
arccos +1
) 1 tmax

Co = Cre + (€2 — €25 - n )

(12)

;H\:EFI Clsy C2s %‘%Zﬁ C1 %n C2 E@%{ﬁ%ﬂﬁﬁﬁ; Cle, cZe%%
7~T< C1 %n C2 E/‘ji%,fjtggﬁa tmax y‘j%jﬁi%’fﬁj{j(ﬁ

4 HRUERETE

H4E EAT R8T, R (9) ARG TR A
03 R PR, et K, e Bikiss
RO E RN FEAREL M =50; EACRELT = 100;
FIIIH G (t) = Goe™ /T HE K EZ b, Hrp
Go=100,a=50;cs=1,c=5;¢c1e =2, 0. = 2.
B (6) 2R (7) AT, 35 0B R AT 9 [ E S5
A ro, Lol S r, ENH KSR DL R 724
B ARAL B ROT LA SR JVBOR %, A asfiibat
PR AL, T (4) NP fo,,, Afa, Ffy s Afy,,
HA TR S AR U008, S ENE
BI(11) b 46 & 2802 (¢), B BEE AR EL
B T ROUE. FICETRAAT, B /e IET5
T BEE S ro, Lo, L5 N, Hrf L A5
RS, N R Rt s 8 (Al b Be e B ), S
TGRS 7 TEAE e, R 53k [20] —30my
S8 rg=01m, Lo=10m, L =2m, N = 256.

HIRTSCE R f1, f2 € [0,1/L], XF T AR #ARAL
Bt RGT, IS B BUETE AR R, it
SIS N AR RS IARDL B, XS5BT b3 4
%@GWAMﬂﬁﬁ:qﬂ%i“ﬁzqﬂﬁi.
TRRXTSEL 1 fo AR AL R X o1 R eo AL,
LS ¢4 1 o B BB T LR [ 58 AR ™ K2 ]
VB R, B S B BUED KT 100 £%), BT
FTANRE O B AR A B A .

RIS UERE MR E M, EEHIT T 50 IL1E,
IF 58 1 5 U A N (B B B Ay 25, Hoh B
p=1.06x10"3, Jy2 0% =1.88x 1078, A WL>RH]

AR ST A DA A R A 57 5 1) i KA R 58 22
M2 0.1% A4, AL H AR R, &
B 3 AN HA RN AR, e I
thek, i 2 s,

0.08 -

The worst

0.07 - —-—--The secondary |

0.06 — — The best
0.05
0.04

0.03

Max relative errors

0.02

0.01 ﬁ\\\‘

1 " 1 " 1 " 1 " 1 "

0 25 50 75 100 125
Generations

K2 5 REE L
Fig. 2. The optimization curve of GSA.

MEL 2 AT LA Y, BE AT REGS P i ARy
BERIR AR, B 5 AR R A4S R 5 W) v D i e
{8, Ho s Aam W AE (R RAHXT R 22) U 6.34 x
1074, BE B Z 50 o 1 o 19 BUAE 43 531 R 6.438 FiI
9.048, A= BLAAHALFENAL 3 FiR.

ML 3 7S AR R B S ] L, e B SC

rad

o

40="—.
20
104
0_.

—204-7

I e

-1.0  —05 0 0.5 o=t

z/m

@/rad

B3 it i AH A o AR 4L 45 2R
{75 = YA T

Fig. 3. A realization of turbulence phase screen: (a) Two di-

(a) HIGLBE = 4 523 (b) H

mensional distribution; (b) three dimensional distribution.

134205-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 68, No. 13 (2019)

134205

Ty AR RR T B R i AR SR
Fo 2 RIS 43, AR IR AR B R AR URL. 5
2R MM T A L, FRATTHZEAR IRl 24055
4 F X} Johansson F1 Gavel ) Fr 42 77 1 F1A SC 7
A I HEAT TRALL, 25 A2 B 1000 WRAHALBE, 115
FAOL S5 F4 pR%R, FE5 (7) R LS 254 R A
Lb, 152 7 PR 7 kA BB B 218 pR ARt 2 LA
JOAxTiRZE 2R, WAl 4 B,

125 T T T T T T T T
| (a)
e L i
g 100 //
=t 4
g P
E 75k _
E 7
N y
2 s0f y 8
3
B | / —— Johansson |
2 7 — -Theory
@ 25+ 7 - -GSA y
0 1 1 1 1 1 1 1 1
0 0.25 0.50 0.75 1.00 1.25
r/m
T T T T T T T T T
0.10| (b) S 6.0 E
I B .
— -Johansson g 40
0.08F ——asa ¢ 20 T
5 £ ]
B z
© 0.06 0 02 04 06 0.8 1.0 T
q>) — =~ r/m
= - =~
= - ~ N
< 0.04 / N B
~ . N
- N/
0.02 B
o~ |
0 0.25 0.50 0.75 1.00 1.25
r/m

P4 WIRR DT I B ASL  45 4 B BN L
25 (b) AT iR 2 2k

Fig. 4. Expected structure functions generated by Johans-

(a) &5 H R

son’s method and our method, where the theoretical struc-
ture function is shown for reference: (a) Phase structure

functions (b) relative errors.

M 4(a) AT LAF Y, R A SO 07 5 4E
AR Bt A A, 45 /8RB B 235 1 pR R
JUF—80 A 4(b) HaT AE i, AEARAI 73 A8 3
JIT 2 5 3k T AR X 3R 1) i R X R 25 PR AL &
0.063% , B AL T2 S YR I M 7 1L 1Y 5% . T
X T A A, T AR SCR & M FFT 5 %,
PRI T3 43 25 T AR R M2, DA R a] i ey
HRER 35 25 5 8 BLUGIE B D7 B — B0y . W s At i
25 #ME, Xiang) 8 46 th—FP AR 7, fig
W E R 2R 2 0.1%, T BRI FIZ 5 2% HH A7
J5F R AR 25 A TRMEE.

ARG 2, AR BEAE G AR, BR T
MBS EINER =AW ESE g, Lol r, E
TS RIS (ro Fom KA IIREE, Lo RoR
Tt PEANRUEE) A B RSE LA BCRAE s AN EO 6. T
TRACRFE s AR5 5 = AN e SEGE S, Rl
15 5 AN [R) A0 it T 5ER BE rg  ANRUBE Lo A SR R R
S LOFRFE sAE N ARG —MME R Y ),
X R EARSHOR 7 ASASE A, 25 50
FE S50 5 RS B A SRR R R S
B, W5 ZBUE 73 IR A AL T A A A v
THELAS HUE T 10451 pRBUR AR AR 22, 45 R 4
1R,

HH 28 1 A1, AR AL s 0 i 5 2 8 g G
5, RIS SR AT B A i i B MR I TG
e XA SRAE s AT R 5 X A [] 0 SR A K
N, B TRMICRAE sS40 A0 B AN VE B R BOR 254 3K
e, UEIRATCRAE £ 0 A 5 R RUBL N AR,
{E R AT N, B 2/ INRAE SR (32 A1 64 55) T ik
ZEA W AR, HAhRAT ST R 225 I A ]
i, FESCERIFH AT 20 SRAE RS TR 2
TE/INRAE s B B B AR A, SRR 16 MR

K1 AFESBESEE T R R 2

Table 1.  The maximum relative errors with different parameters.
e e S
FRARR IR 2

To/m 0.1 0.2 0.3 0.4 0.5 1 1.5
€max 0.00063 0.00063 0.00063 0.00063 0.00063 0.00063 0.00063
Ly/m 2 3 4 5 10 20 30
€max 0.07399 0.16607 0.23083 0.25830 0.00063 0.96574 1.49931
L/m 2 3 4 5 10 20 30
€max 0.00063 0.23228 0.25830 0.23083 0.07399 0.02327 0.00677

N 32 64 128 256 512 1024 2048
Emax 0.00249 0.00111 0.00071 0.00063 0.00077 0.00084 0.00084
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Table 2.  The optimization parameters with different
Ly/L.

Ly/L (a1, &)
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10
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300 (18.04556, 18.37957)

( )
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Fig. 5. The expected structure functions vs. theoretical

structure functions with different L,/ L.
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Abstract

The new techniques in adaptive optics, free space optical(FSO) communication rely on the use of numerical
simulations for atmospheric turbulence to evaluate the performance of the system. The simulation of turbulence
phase screen is the heart of numerical simulations which produces random wavefront phase perturbations with
the correct statistical properties corresponding to models of optical propagation through atmospheric
turbulence. The phase-screen simulation techniques can be roughly divided into fast Fourier transform (FFT)
method and matrix-based method. Because of a better performance in computation time, the FFT method is
generally used for modeling the performance of a real system. But the classical FFT method has a main
deficiency of oversample in low frequency region, which leads to the lost of accuracy. To overcome this
deficiency, many methods have been proposed for compensating for the oversample of low frequency
components, in the last decades. Essentially, these methods achieve a higher accuracy at the expense of
computation time. A good compensation method should take into consideration both accuracy and computation
time. To achieve higher accurcy and lower computational cost simultaneously, we develop a hybrid method
to generate turbulence phase screen, i.e. the classical FFT model is mixed with the sparse spectrum model. We
first extract the low frequency region from the frequency grid of FFT model, and resample this region with 16
samples. It is found that the accuracy of phase screen is related to the distribution of these samples, and there
must be an optimum distribution that can minimize the relative error between expected structure function and
theoretical structure function in the low frequency region. So it permits one to use optimization algorithm to
find the optimized distribution of low frequency samples. Here an improved gravity search algorithm is adopted
in which the memory of each particle is taken into consideration. The optimization parameters are determined
after a lot of tests, and the robustness testing shows that the algorithm is effective. To compare with existing
subharmonic method, we choose the same parameters of phase screen as those used in the expanded
subharmonic method, generate 1000 phase screens for each method, compute the phase structure function, and
we also compare our results with those from the theoretical structure function. The comparison result shows
that the curve of phase structure function generated by our method is nearly consistent with the theoretical
one, the maximum relative error in low frequency region is about 0.063% which is much better than that from
the expanded subharmonic method 5%. Finally in this paper, the computational cost is analyzed, showing that

the generation speed for our method is at least 4.5 times as fast as that for the Johansson’s method.

Keywords: atmospheric optics, atmospheric turbulence, turbulence phase screen
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