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Abstract

This paper describes the point-detector arrays system to processes the fields of signal
and noise of the turbulent atmosphere. By wusing aboves, the maxmum output of
direct-detection shows a little differences between experimental datas and theoretical datas.
As a whole the experimental datas are agreed with the joint Gaussian theoretical curves and
K-distribution curves.

E=EH4 2007, 5. 15.
AASE 2007, 5. 30.

D 334 : Asdst AFePR Jus



174 REBRHEXNETRE #

I.4 &
golA Wg ol&3td oy] FTHE ¥
BEANL AY BAT A7) #E At
Teich$} Rosenbergo] &idte] 23 &
223 2 a7 sag. 19
B =85S FUFHo=w WEslA gL NszF
S(t)s @3+ FRHoz ZWAn nie
F Ypoint-detector2 FAE A3 A2d€g 1
Z ez A o159 AH F HAAE FA
Hog &4 . =% Sﬂ’ﬁﬂ gtel joint
Gausswn o2 M K-EE FAMI dAF
£ F2 3. o3 FI: “417] Ad 949
0117‘1 LDA, W7] FztellA F B9 340
F43A 838 AoE g 4 Yk

o. 3719 ol&

FAZ] A2"dE TR T YT
e Aorlz 78 £ 99 v(t x)
' x o 38 25% S(t)F Zero_mean

Gaussian random AZ&F n(t x )¢
o)} 1,2:3,10,17,21,22)

Y(t,x)=5(t)+n (tx) oY)
FEFE TR0l FRH o2 §Y W om
2 #& Covariancer ©&43 it}

E=Inh , x Jnlts x2 )] = Cltg- i, Ixg - x1D

0,,2C,(ty~t,)C (IXo-%; 1) (2)

Fedol A A disAN  HIH

time-stationary”7} =1 g &4 @Y7t 2
2 AFsd 2o e FEFeE 2
o FAede WE FoA FEYLe KT Q)
A g TR FUG welr. o
N A7]= EAIFEA noise-covariance, L&
joint-spectrum] #B# e thew oY

& '2007. 4. Vol 8., No 2

[ee) (e 0]
C.(f, m = 27r/ / C. (7, 1) - exp(-i2mf
0 —o0

o2rnrird,d, (3
2HEH0] BAHola BE AF A}
Fae UG (-0/2, £+0/2)9 FFH

o joint-spectrume RE p A Fo4E
28 4 gA #Ho 822 Fe9
joint-spectrum Covariance © EZ& F3+E&
¥ & dvdxn AT F Uk 53 A%
g F& =gl U@ ey VA
Covariance &4& theds 2.5

)
2(| ax]) =@+ pH)7! [p? | (oo +/
2

P (@) J(2mn,| & x | cos @)d
4)

ek [ f - o] <62 BE Ay 2HE A
oz REHIY 4 gon j WA Hur
292 d(column) ¥H, y(xj)i X8 +
gk KA JEe oozt gt

[ y(xj)]]R = Mty x,] )
2E A7) €Y Y(column) HEE &4

2.
v =[xy 1 ®)

l 7x,) |
KroneckerAt& 9] =943 Rujye ztad
}HLe Alesw e g 1?)

(Y
( ) . [;akY(X)] ', -5
“o -1g L -2
e, sy lLm @
A71A A% WD A5 g2 = %"C,

o|i a, £ n X+ Weight Vector®] k¥4
Eolt},



SPATIAC
TEMPORAL

o

COMBINER
PROCESSOR

L,

| wonsmIRn i

91, 33 479 Byx,
Fig 1 The Block diagram of optimum
detector.

M 4% B Hx 477 B
2 <l Combiner, Temporald& A} H3FH
FA9 Tz g1 2.

&3 277 (Combiner)o] Wg n Mo At
7l 29e oeas )

9(t>=k}j ay(tX,) ®
=1

E Y o]5& te4w o
g,=I%0"C, 9y | ©)

oA As Aorv|2 FA" As Aad
of lolA j WAlet k WA HA Ate]9] Az
% Aoz ¥ 4 IS ¥t agunz
itk FAG MG 5L A TG B
Aol nl A& Aol FE 2285 HAsEd
#&9 373 Covariancedd Ao <o
A7l 91X widg FAWF3E £ 7 Yok

16,17,18)

m 37 4 99 9%
EA  covariance HFFo] ErHo g
gE FAYe FA owg o=g F
F Ak FAY FA Mg oL,

g.(m = {1 + g2,_ (D [l—Cz(T)2]/1—C21
(g%, (M2 (10)
2 ®E"r).

& SN0 0I8BLE HHE =419 84 175

g2 (1-CNeg?,—1(D] / [g%,_1(D1-C(
] 28 F4 point-detector?] ¥
7bsstth Wlg 32+4  Covariance
FE (1+p?) 1 (0?04 +3. (27nm-

| AX|) 1 = 8. ©]RL point-detector
&3 wave-number F&9 g3 AX 3.
a8y} o] Covariance ¥4+ n7lol #3g
Hd g o5 B HAAH FHERE
Z4 Wld o]59 ¥ Covariance T4+
(1+4pY) 71 [p*n) 4y +
exp(? | Ax | ¥2)y + @rn - DA
TR, o]RE ol F&F oo wd
°o]5& yetdtk. ¥ 2E o8 ol gl

s o) % (2 EyKQn (2m-7) &
=1

o5

B A& Aot} 18,19,22)

=
-

2 i

3 e

i 7E

LI
N
e L

aY2. 19 F5ER 253 22 (2. ),
=1

Fig2. ZAE 1% (2mn ., 7) as the function of 7.
=1

WlERtge] AW Ay Fe AY
& point-detector FE& HHH|E= oy
(p £ 1) point-detector F& (2/p%)

e o]

kzjjk?(n_l)(zmm B 2AA > 1
=1



176 BRAFHEXERTEE AN '2007. 4. Vol 8, No 2

+emn. ) kle= 13 Ay
e pp? @mn. ) o

WE FEs Ao

wave-numbert¥ =

ZA (0?7 4L2p) &

W% @ S= dAe AA "g, W
(@< 1) wIHN 4719 FAMLls
< ZAHOR,

g (r)=p"

1—4.(2mn » 7)
[7 - 2mn e 7)+8° (2mn » 1) 5%, (27 o )]

(11)
an4 Adg =2F Hed o FE3
2 WEd gel g Aolg. 193
& (278)%9 ogd dF 7 59

ADyE 748 Ao

wse

CENYERED ARRAY GAIN §, {r)
S
: )

Wy

.
ll‘lllll]};[,,r—n—l

4 o PONTUNETN, N— S—
ER % BMI/0 OB O 8N W, Th/
ARRAY RADIUS vy

a¥ 3. T4 wld o5,
Fig3. The Center array gains.

FA)FANLISE =y . (2. ) oy
T=x/ @m.) o4 HAdst doe Ae
2939 FHozwe ¢ £ du. 7
=y . (2w, ) o gdiAdE HIoE5S
2AHez 2v2ne /lox, g (x. )|
ol T=x1/27n. WEAME  HDo|Fo]
Ao (1-7. X)) / @l7.
(x1) |) o122 ujdo]So] wef,

2z 2 (z.)
2.2 , 2 sfe T )
Pt Sot > (1—9, (X)) :
' 7. X1 82 . (z,)
= 0.244 (12)

x./ (27n.) A

(12)¥el8td 1 =

Agoln 134 AW WIS L

T = z/ (27.) G4 Huzh "o
wge] HFH FA Mg o5 %
H&sts 9¥e HWd o5 En
ag. Wg oS we pE T

covariance@ oA FHE F

th. 28y Al point-detector F e
¥ wave-number g Z o]

Ze3 (zerox= ofJth. ) AdE
zexoez zg. P

IV ulg]d A(Variance)®} FZulg]|Adx
Covarince)

vlgld s #y  dlg o] B(variable) x9 4t
(variance)& @&t (o) AEMNE EAY

& gl 4520

n n
Vgt = Op? = Y o I xlx, - ufxy o x,)
T, z,
(13)
o714
n n
W= Y] I, (kg e x) (4)
T z,
2 Aogn 13994 o (EFRHE THE

(15)4 o} &},

0z = V(%) (15)
FAuta] g A(covariance) & Ay e ol &
(variable) x¢t vy HT oA ZZte] 9y H
g o g x¢ y& WA F& g JIHAgkelh

Co(xy, X,) = Uy, - U,lq 16)



o714

E Expxqf( Xy *e
FADNA B(Laser) Zule]Axro] B FF
T Wy F2T AU EHL g gon
TG A 9 :'HPE]?iitt,
Ory(Ppy) = D(xy) - p(X)P(y) (18)
2 FAAY 43 p 3} p,9 o= Am
(correlation) <+ 1947 o},
Rpip = 0lpy (XDe(0)] = plu,py)u,*(py)u,(sy)u

x,) QA7)

*(s5)] (19)
(1934 ¢  extended Huygens-Fresnel principle
4= E %8319 1Azl ORI

(correlation funtion):,

k
Rpp, = ( m>zf / dr,dryplu,(r;)u, *(r,)]

* eXp[ik('Dl - r1| - |D1 - r2| + !pz - rll

~ Ipy - 1)1 20)
o] B¢} (19) 4 &,

U2 2 U2 2
plp; (X)p, ()] = "Lza" : ”Lza‘] -
Uhag o4
(_L ) (21)

olt}, Dlg‘} DQ-‘] A8k Bl =

)uO/f&&Q . exp

- %pul +r)le o gl

pllu, %] = (

7'1 + 7'2
20

Umy(p1p2) = ( 2_7]:':.L-)2‘/ f drldrgp[ur(rl)ur
*(ry)] - explik(lp; - 1l
- |p1 - I‘2' + ng - rll = |D2

-1l - (UE’O‘0 )4

& SH0l OI25E tHe

_ k 2, k o 2///
= Con) g W

/drldrzdr3dr4 - explik(lp; - r,l

=8D1e s 177

- |p1 - r2| + |D2 - rll - |D2

2 2
r3+ry ik

-1y - 71%— Lp(rl -1yl
( Ubao )4

{(— f///dfdfzdr

gdr, - exp[lk(lpl -l
- |p1 - r2| + |p2 - rl’ - |D2
r§ + rﬁ
2a0

_rZ)_

r4)] - ug

ik
A p(rs
(22)

(22)4 o] 9t

V 43433 92 u3

ot A2 FHE A% EEANAYS
T8, o]Edl AAHE point-detector
array®] 91X w4 o]5& Hu3 57 95t
TAE 24, FEA ZE B39 7
T €9 (] > )8 AH8stq AEE
At AIdsE F 129 aP450=
Bl o},

L JlN'

EL £,904 (a),(a")¥



178 REZREEXHFTRE AwNE '2007. 4. Vol 8., No 2

2l (m Fig4. comparison of var, var, cov as
25 45 65 85 f, (a)a")
Var Cov
Var, o75 o3 [0.2  [o.1 VAom)
Var, |2.85 0.9  ]0.288 [0.15 N
4 -‘Var‘
Cov 0.78 0.018 [0.006 {0.0015 3
P 0.28 0.04 |0.024 (0.038 -
(a)sensorl 7} 27
i
A# (cm)

Var Cov 2 4 65 85 Zil} 4;9 éﬁ 830 ]?GG ;(Cm)
Var, 3.5 [ 1.175] 0.46 | 0.15 (a) sensor 17} var,, var, cov
Var2 3.8 1.2 0.68 | 0.36
Cov | 1:33] 0.14 | 0.03 |0.005

) 0.37 | 0.12 | 0.06 | 0.02 ——
N
(a’) sensor 27 .
2. £y A (), (b)) 3 Vary
2l (om) 2~
25 45 65 85 o

Var Cov p 1 \
vary 55 [1.3 0.5 0.2 ~
Var, 59 |1.4 0.54 0.3 20 40 60 80 100 {Cm)
Cov 3.23 (0.18 0.03 0.005 (a’) sensor 27) var,, var, cov
p 0.6 1(0.13 0.05 0.023

%5 f, 4™ ®)e  var, var, cov
(b) sensor 171 o Wi
Hel (cm) . .
Var C 25 45 65 85 Figh. comparison of var, var, cov as
T £, ()(b")
vary 5 |08 0.4 0.1
Var, 6 0.9 0.5 0.2
3 |0.05 0.012  |0.002
Cov
0.5 [0.08 0.04 0.012
0
(b’) sensor 274
Z'G 4‘0 ﬁ'ﬂ E- 247
a34. f, 99 (a)@")9¥ var, var, cov (b) sensor 17} var,, var, cov

S S



2 WV g ar

T ¥ i i T >
20 49 60 BO 100 (Cm)

(b') sensor 270 var, var, cov

3129’]' I1Y4,52 He-Nedo]lA BAo] o &
€ T8 F4171712] AS$HE B 2
’&EJ—}E 39 Huygen-Fresneld3 & #&
st HAtn =4F Aotk = ¥R
Huygen-Fresnel 2l & E¢3td &z 38
A F5E FEs Z A sty zhz =
2 A3 A9 7 23 HolA FAMol @
B 2RE g AYs 77199 Ax g9
o de] Hulz 97 wrt Ayl o]So| ®
e AL 48 5N 4= sgm Aol
oE FF WHIE JEHREY 8em oA
T HARAE o5 AL S AN HEHR
Fdth o] A2 He-Ne #°]H(0.5mW)e e
€Y WEot. 2RAFHE o2 =L
ATE HHE, A wE Fulgidxe

ZA3 %< joint-Gaussion?d K-EXZMIE
GRS BHT oA iy AT QoA

LDAZIE tj7] % B9 &Xe F83A4 ¢
€48 Aoz 7igd,

VI. 48

1 W73zt A 3 548 38 udg $47)
€ TA3Y F Hysto HyE A
ol 2} SHgte] YXNFL By
2. 83¥ Huygen-Fresenel €& & &3
BAE FEA S fE3d =438 ge
joint-GaussionS A3 K-E3X Z N3 ¢gx
& A

3. HAolARHol e R BAE Agst s}

Z Stlol OI8&= g +41019 &8s 179

7HEA AA R FFe el FHu=
AEdd Hje o5 doe AL A 3
A
4. 7AgE 9o LDA7IE b7 $EA9
Ao fF8sA 82 Aoz JYF £
At

FaEd

[1] . HLee, J.Fred Holmes,and JR.Kerr, “st
atistics of speckle propagation through the t
urbulent atmosphere” J.opt. Soc. Am, 66, 116
4-1172(1976)

[2] . VI Tatarski,” wave propagation in a
Turbulent Medium”; M.Graw, Hill (1981)

(3] . 284, “wIdQYr| & 5 29F Ay
P ZRBAE =8 19976. vel 5 NOI, ]
une.

[4] . AM. prokhorov, K.S. Bunkin, "Laser I
rradiance propagation in tubulent Media”, pro
c. IEEE 63, 790-811(1975)

[5] . A. Ishinaru, "wave propagation and sc
attering in Random Media (vol.L,2)" Academi
¢ press (1988)

[6] . H1.Yura, "Mutual cohereuce Function
of a Finite corss section optical Beam propag
ating in a Turbulent Medium”, Appl.Apt.l], 1
399-1406(1983)

[7]. HC.Martel and M.V. Mathews, "Further
results on the detectability of known signals
in Gaussian noise”, Bell sys. Tech.j.,Vol.40, p
p.424-451, March1991.

[8]. D. Middleton and D. Van Meter, “on op
timum multiple-alternative detection of sign
als in noise, IRE Trans. on Information Theo
ry,” Vol IT-1, pp.1-9, September 1995,

[9]. R. Bellman, "Introduction to Matrix Ana
lysis”, New York McGraw-Hill, 1990,

pp223 - 239.

[10]. D.H.Hohn, "Effects of Atmospheric Tur



180 BEZREIEXMETRE WX '2007. 4. Vol 8., No 2

bulence on the Transmission of a Laser Be
am at 6328A. I-Distribution of Intensity.”sep
tember 1996/Vol. 5, No. 9/Applied

optics, pp.1427-1432.

[11]. D. Newman, "k-distributions from dou
bly scattered light”. J. opt. soc. Am., A/Vol.
2, No. 1/January 1995.

[12]. E,V. Hoversten, R.O. Harger,, "Commu
nication theory for the turbulent Atmosphere
. proc. IEEE, Vol. 58, NO.10, Oct, 1990,ppl6
26-1631.

[13]. W.K Pratt, "Laser Communication syst
em”. Wiley, New York, 1980 chap .9.

[14]. M.C. Teich, S. Rosenberg, “photo coun
ting array receivers for optical communicati
on through the log normal atmosphere chann
el I",optimum and suboptimum receivers pe
rformance for binary signalling”, App. opt., V
ol, 12, No.11. Nov.,1997,
pD.2625-2635.

[15] . N.George and A. Jain, ” space and w
avelengh dependence of speckle intensity”, A
ppl.phy, 4,201(1984)

[16] . w.K. pratt, "Laser communication sys
tem”, wiley, Newyork, 1989 chap.9.

[17] . HC. Martel and M.V. Mathews, "Fu
ether results on the detectability of known si
gnals in Gaussion noise,” Bell sys. Tech.]., 4
0 pp 4237451, March 1991.

[18] . D Middleton and D.Van Meter, "on o
ptimum multiple-alternative detection of sig
nals in noise,”IRE Trans,on Information Theo
ry, vol IT,pp 1 - 9, September 1995.

[19] . R Bellman, "Introduction to matrix an
alysis. "New York : Mc Graw-Hill,
pp 223 - 239 1990.

[20] . "Two-position, two-Frequency mutua
1-coherence function in turbulence. "Ronald
Fante.]. opt. SDC. Am/vol71.no.12s December
1981.

[21] . Kim, yung-knon "Direct detection,pho
ton counting receivers for use in optical
communication through Turbulent Atmospher
e."kon-kuk university. journal of academic af
fairs natural sciences, vol. 8, pp 151-167 198
3.

[22] . Kim yung-kwon, "Analysis of crosse
d laser beams in turbulent media for option
communication. "journal of academic affairs.
natural sciences. vol.xxvlno. 2.
kon-kuk university,1982.

484
975. 2 A=Y T
AAF s} SQ(F A,
1979. 2 A=t ok
AAF T EQ(F A AD.
1988. 2 A=t ety
A A S
(F AL,
2007. 6 @A AU FFH FEIA} qg




