[ Downloaded from www.opsi.ir on 2026-06-20 ]

5 Sl il 1S ooty g G
oS a3l 5 )l pl Sdgied
Oyl Sbgish (5,5l g (qwdige

s" W Om‘\) ‘0

P15 et .I o a0t

ol s ] b=,
VWA pago 4-1) Shiraz University

Ol 31 a9a8 395 pgal &S > Gl 3l eoliinsl b OT 15 bW (60, S5lundl (g 5

T Jgmy i § T 60900 (ol 10 ! (53l (a0 punl
Ol 8555 05000 oKl sy pole 0aSals 1S 5d 0 87
Ol 2,95 3,91 oKL (guiges 5 (538 ULl WSS (siges 095
Ol 05 ) 4l ple 10 (oSS Do oKl (S 58 ouSilo T

ol 5 055 el sl 5 (a5 Dt oSty (S gy 35
D35 o0 )l B axlllan 5590 buzxo (1] (60 Silumodls (T 5 bt buzxo 31 (5ygu8 yg ygual S > il 3l eoliiul b i oyl 40 — ouS
pbdlin o 394 g0 (1T 13 pbDbie buzmo 3l el ) Jlad b 55k (53190 51 g yiogil OYY oo Jab b 5 y99 4ol (bl ol 0
295 455 Ll ogas bwly 99 30 535 0958 419l s (SLES! )0 B o ATl unSe ol YoxYox Yo Slal b gog,leST 1y T 5
D90 (om ) 3 uxo (6 Silunod G Lins y 90 33 595 398 41915 (5059 Jadoxd b .0gub o0 (et Lol 93 30 (5T (Sl 5 Sl 5 oudd (6 5010l
45 W g0 (i LS 055 0 51,8 axlllae 3550 (60, Kkl ey wyliin slales b OT I Jol> wglisie slod b3l,S il coled 5o
oo 38l Lod (bolyS Gl3El b (50 ,Silundl oyl 0 § 0091 0, Kilunadl pbMin bnxo G 2 5 pbM Lauxo

Lo Lol 3 (pgas &8 > ol ol 5 oD —o3lg oS

Investigation of anisotropy of underwater turbulence using image
motion monitoring method
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Abstract-In this paper, the anisotropy of underwater turbulence was investigated using image motion monitoring
method. Accordingly a beam of light with 532 nm wavelength after collimating with a diameter of 1 cm enters the
underwater turbulence. The underwater turbulence is made up of an water-filled aquarium with dimensions of
20%20x30 cm?. The angle of arrival, AA, of light beam was measured at the end of the turbulence path at two
directions perpendicular to propagation direction. Comparing the variances of AA in two directions, the
anisotropy of underwater turbulence and influence of different temperature gradients on it were investigated.
Results show the underwater turbulence is an anisotropic medium. In addition the anisotropy increases as
temperature gradient increases.
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fra
AL gy BB WWW.OPSILIT ol jo a8 canl jlzel slls 5,00 0 allie oyl


http://www.opsi.ir/
https://www.opsi.ir/article-1-1688-fa.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Olrl S (6,5L8 5 (wiis RS el 5 Ol Sgisd 5 Syl (AT ey S
YAV g 118 el 5l o5l oS85l

ooyl Glesus

oBtglosl yo o0 by alojl plonez ol yb ) U
oo Jsb b yod he amo oo lis 1) o900 olKisls (655 50
A8 L5 il (oSl pnpns Sl ool b agil OYY
sl b Lo 35 e (ol wbdlie Lazms 85 ol )
o a5 anSe yasiilos YoxT o xY - olasl b psalsST 5 5
Slom 3 58 09ise 5 eme glos b O Sl sy lsST ool
i bagd (6 tentlo T jees )0 obDlie Laiss I Hgue
dmio Sy 5, 2 srertle VD GsilS alols Ll gls
9 S8l 6y Al S el Ol gl se S et Sl
s g <l oley yo (Sl oW a0 g ol oy
33 2 2ok Slopgal (pwie Soleolital b S s
Sly o g 020 Zd CCD (g0 S ol amio
Omp9° Sl pedld Ly 39d 0 Jie FgnalS 4 Jelod
ool a4l Lo+ YO 28,55 o g4l yo pgai #+ CCD
poslsS 1 09,8 aysly 505 5 <8l Lo (Lol S 13l g 2 s
Sgds ooy ol Sl a0 O 5 F7/0 YF/Y slals L o 5
Skl 13 9 03,5 jgue pbMie azma 5155 598 Gialejl o 50
59 5 Sl wales wmy i o azliz )5 998 ausl s
ol 0 0l o dwbre Liml Gliul)y  ogee sl
B9 se aend Ll 93 50 95 39,8 agly 3 5 8l bl
odd Cu pgal Fev e 5l 98 99,8 dgly il drlone (s

Sad o ool

Turbulent Medium
D

-

| CcCcD

Computer

Laser

BE
owde iLopus o5 BE comlesl Hleanz (go,lgm b Y S

.Ole axas D

Y

dodlo
el lalazs 13 (6590 5 Lol adlllas 2l ams aiz 5o
Sl Slploe ol >l 5o o] (gl b glwo )5 s 4,
@azrg b ol s alad (e glacsd sl ol3T slad
axg5 3,90 o) YL Ce o g B0 wledbl sl YU e
b (s 2 Sl ol Dlalllae (iST el 00y (lilione
59 40,0 Ll p ol SLsb g g9z Wb i ol e
e sla oz cle ol ol 418 5 & j90 o 5l (6590
ous plosl j1aS 055> (nl 55 gl Slo oz 0556 2 25
S 039> 99,8 T 15 g 9> pbdlie b axlllas [V ] e
pbde oo ;30 aS Sllllas Jgl aiws 050 g0 (gaudiws
750 a5 g s 5 03,5 oy Ol 5l 5h5es H5i Db 2],
R adlls 000 o151 g3ee 58 Eoeatez 1y baoe
Ol s lame o jlasl sie (9 zgedger g Db aslesls
5 b sSge oo oasms oS5 slizl g b Shs 53U Cod
Lico ol (Sl 0B 55 5 21 o Jolome (Gase 5 JT s
5145 sl 5 S gy 3ok i Sl b
Sy b Ol 6)h Glajs g bl g sles slags 4l
i 5 65 gloyes 5 il 5 oas alool Slalllas ST o
r e I¥ewl oas s o Slbes slajs 5 il
“J%e cpl ST AS 0ed o eoliinl alite sl o 5l wbd
0FSE Wjlgial (b 0 len 5 (Ker 4l la
9729) 235 b 592 b sl p 1) Sled b onl (6l Slalllas
DR o O30 2 s b e Sles s ol Lol [¥]wlosges
e (alislo] (o) Cueal @ dxg b el 43S
5,5 & ygo Slalllae Sl sl prizman ol 5 S
b Lame los Sllogi 3l allie ol 4 e ol 5o
3550 o1 il sl 555 95,8 4yl slages 5 <l Lol
wsly (Bos Jelod 5l oslitul b g 35 (o0 18 aslllae
63,5 los ad 3 jLaiil S dges sliwl) 93 )0 H95 998
bulys ool Gl 0s80s sy 2l ) b L
aalol jo 0gd o 00ld oy soliiuwl 0,0 Lialejl ledus
Ll Sz g Sges Ll 99 53 99,8 argly (s S o3l (595

D9 g0 el g )] S Coleg 50 b salsS oo g

AL gy BB WWW.OPSILIT ol jo a8 canl jlzel slls 5,00 0 allie oyl


http://www.opsi.ir/
https://www.opsi.ir/article-1-1688-fa.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Olrl S (6,5L8 5 (wiis RS el 5 Ol Sgisd 5 Syl (AT ey S
YAV g 118 el 5l o5l oS85l

Stl; 2 Sgee Slial) 58 ;0 5 e Skl 5o @bl
oy ] calizee glales sl Y gliwl, 5 X (sl o Lail
) 095 09,2 gly slages 9 S8l Sloj gy ¥ 52 090 (oo
YOV oo b poalsST ool g pon)lsST Il Slaz sl
I 5l a7 jahailen e o lis of Kol az 0 O 4 F£/0
agly sys g cdl e Of los ial38l L ogd o 0asa ¥
ponslsS | sloies 5 ol oo Salidl sl 90 p0 555 9,8
b Sl plesez (o3 5 5 l9p o3 1 Ol e
B AT e s @l bz 5l )55 a5 lKie 0y o
ObolS b L alie )3 398 apgly 3 g 2l sla )
Sy (St o o ) b g ) ool Gl | 2B oo
(FUS—8) ol lis alitre sl cdl> )0 ye5 09,8 4y 45
Sl o9 098 aly 55 g Sl Clay Sl a8 4Silen
S ot e Lol s | e a5 Vs (slagsle; o lsn
SzsS Sl sl 59 52 50 YU slos yo ol barms sl
Lol ke glales ly 58 9558 ausly (o0 o

g o dwls pj alaily 5l oolasul

2

> (An, - AR) ©

=1

1
N

2 —
Opax =

oo ools (LES Y g jo Llwly 95 )0 155 99,8 sly (599
29 3958 Agly (8059 Wb oo il sl 9 50 558 99,8 4yl
oo il L 130 0lo Lass b o by soniifone 4las,
5 3555 4l oy el b e il oSl s
Lo G ol ) oo laoe 45 090 o sdnlive Ll 95 40
i3l Led 33l L (68, Solcanl 50 45 el 3, Silunals
bl Lol gy oo Al WM (50 Kiluoal 4 az g5 b sl oo
Lo 5l 63 55 o0 a0l &5 45 998 gl 5

WSS S B9 )5 5elS Joo Sl (ol ) ebodle

T

Pixel

100

50 Pixel 100

CCD (90 Lawgs ool a8 )5 ol 5l (gl digad ;¥ S

o

Sog~
Jaore 10 oads aiigh oS 3l oolatwl b laml jo ool Jud=i (ol 5

a5 LK Y) 51 0siioe el pgad b S0 e

50 aS) G S e il L pwae S5l aman jo 55 o
Sgu g0 0018 p5 alal, g X gLl
Xq = It [[ X1 (x, y)dxdy 0

e |y slie alal) cul &) pgas IS can iy oS

LS pglal gl gl Y sliwly o Sad e sl

29 se 105 CCD la Jusy (55, goz 40 J1,51 CCD

i |y Sy n oty 58 e ol LSSl alore o

= ppaS spl b eladag ol S a puw oS o0

oy loels (ol 450 13D 5 5 Job A 457 1. 224/

L oS (o0 dmlone dgazma (pl jo 1) SIS0 s oS (0
Dl o Cawds ¥ oalal ) 5o 59,8 gl5 V6 9 X dumlmo

| x (Xai = Xai)
=T @)
2 CCD LS ojlsl cs g F g X5 oXgi o]y o

O X age (:Silo ol i o2 3550 K6 X gl
eSS ol (059 L]y 50 50 558 99,8 gl als

D9 50

756 s 35 9 21 25 O (60,5 nnnls (s 51

Lo 3l 630 599 09,8 assl; 53 5 2l ol ales (Lol S

AL gy BB WWW.OPSILIT ol jo a8 canl jlzel slls 5,00 0 allie oyl


http://www.opsi.ir/
https://www.opsi.ir/article-1-1688-fa.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Ol Sidgisd (6,5l8 5 (qsigs LA a3l g ol Sigigh 5 Syl LA ez Cann
VYRV crage M-8 il s ol olLetils

calizee sliwly 90 50 555 09,8 asgly il )lg ) ol Jgu

O an, (rad”) O pny(rad”®)

Ol s pelsST  4/01x 10° 2/ 88x 10°
YEY gl b ol 6/04x 10° 1/ 37x 10°
F210 glos b o 5/ 37x 10° 3/19 10°
oY sl b ol 6/ 49 10° 3/ 75x 10°

Lo Gl 5 95 el Gl s e o 5 ebodlie
0ald jgue CaSo el YeoxVexYe olul b ol 2 b

Loty 59 53 L9 39,8 apgly 5o 9 SOl e Sl jo 0

L oS wols oylid guls ad awlre o] (53,5 9 (55 el

il Rl )58 89,8 asgly 3 g 2l 885 e o sles Sl

o ol gles alil b a8 sl suims olis a5 Wl e

39 )85 99,8 agly (80,5 Aunlie b ogdlay 098 oo ylicn oL
e el 5, Siluranli oSt Lase ot osalie il g

Wbse salid T les Lilial b 60, Sluenls

az

[1] H. Kaushal, G. Kaddoim, "Underwater optical
wireless communication”, IEEE Access, Vol. 4, pp.
1518-1547, 2016

[2] A. V. Kanaev, W. Hou, S. R. Restaino, S. Matt, S.
Gladysz, "Correction methods for under water
turbulence degraded imaging', Proc. SPIE 9242,
Remote Sensing of Clouds and the Atmosphere
XIX, Vol. 9442, pp9442p1-9442p9, 2014,

[3] E. M. Razi, S. Rasouli, " Investigation of
inhomogeneity and anisotropy in near ground layer
of atmospheric air turbulence using image motion
monitoring method"”, Opt. Commun, 383, pp 255-
259, 2017.

AAx (aresec)
200 200

AAT ( arc SE(Z)

=T wgse @ealesT

) AV 0 Yoo i
-200 -200
0 1500 3000 0 1500 3000
200 200
T =242°C
’ WMM ‘
—"00 =200
3500 7000 0 3500 7000
200 200
T =46.5°C
w
0 0
—700 200
5000 1 0000 0 5000 10000
200 200
T =52°C
w
_’J[)[)

5000 ]0000 5000 10000

Frame Number Frame Number

Ll 2 og0e SLiul, 99 55 455 59,8 aygly 53 o 2l oy (g ¥ JSS
ol Sl a3 OF 5 ¥510 YFIY slos b T (bS5 (gl o Lz

=107°
T _=24.2°C
w

8

Correlation
4

(o]
-8000 (¢] 8000
Frame number
6 = 10
T =46.5°C C(AAL)
w
% C(AA,)
Correlation >
o REVEIRIOTE R ST
-8000 o 8000
Frame number
-4
6 = 10
T =52°C C(A“\x’
a4 w CAA)
Correlation
2
o I o e S
o s g Ladiins | P b o2
-8000 o] 8000

Frame number

2 Sgee liwl) 90 30 598 99,8 agly Sloy (Swed b6 S0
wiliseo glales b T wbod5 sl o Ll g

AL gy BB WWW.OPSILIT ol jo a8 canl jlzel slls 5,00 0 allie oyl


http://www.opsi.ir/
https://www.opsi.ir/article-1-1688-fa.html
http://www.tcpdf.org

