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(Staistical analysis and measurements of array receivers for use in
optical communication.)
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Abstract

In the paper, considers the design of a detection system, consisting of n identical detectors,
to process the sum of spatially invariant signal fields sj( t), an additive, homogeneous,

spatially isotropic (in the array plane x). covariance_separable, and zero_mean Gaussian
random noise field n(t ,x). consisting of arrey receivers for use in optical communication
through optimum turbulence atmosphers and covriance_circuit, staistical analysis through
detection the maximum gain are compared with analysis theoretical analysis theoretical value
and get through experimental measured value, as well the measured valus are confirmed to
agreement joint Gaussian theoretical curves .

=EHS 12007 119,
AALGEE 1 2007, 2. 19.

D AL © At AFEA R Aus



58 BREZFHEXHESE W

GolA #Fg o83 ©y) LB TH A%
Ao} AQ BT $47) o B8 AT B3
g3 9507

B eRe INAoR WHSA gL A5 s
()9 3 2F nt, x )& A 9

A ol 5YE SHE e A% WL
o FHe: o Axde nFHI| Ase] F
A Zv) A% =vds H2E T
2¥HE HY o5 Y FA} Y
FAHoz AN o BF} 4YUL B Qe

243 nin ANt =T A3l joint
Gaussian ©°|& IAHI TS FAgch
3,4,5,6,7,8)

o. 54719 ol &

27 Ax@e FRAOE U] 9X@ n
a

g o=
A A2 FAAL £ 4 Yt x)
£ x o 788 A4&F s(t)3% Zero_mean
Gaussian random M3 n(t x )9

i) q_ 10,12,13,)
(ex)=s{t)+ n(tx) 03]

FeAe Fxpolm FFHow FY W ol
2 #& Covariance® th243 7t}

E = [n(ty, x)n(ty, x9)] = C (- t; , Ixg -
XID
02C,lty = t)C,(Ixy ~ x11) 2
FEFol A A diA HFI time-sta
tionaryZt H3 wjd 49 ¥t 22 A
HE ARHoZ AVe FERL Y FE
e d oA HFHAE VAT IA &

&5 '2006. 6. Vol 7., No 3

W FHEHoE %%l‘t}‘_} %1-53:0"[]:].. o] Aol AT }gr

71 2" <Q) noise-covariance, =X joint-sp

ectlfum°ﬂ #F AL gaIdAo.

co (o8] ) R
C, n =2rm f / C,(t, ) - exp(-i2nmf
0 —co

NJo@rnord,d, ' 3)

2dEH0] EAH L BE AF AT} F-
S B (£,-0/2, £,+6/29] AFH] Ak
W joint-spectrumS RE 1 oA FIFE B
gg & 97 |k 222 B2 joint-spec

trum Covariance = EE F3<+Z 88 +

dutn 1R F Yo 3 AES F5 B
o i3 #ALel FZHAH Covariance IF+E
o&A 3 g

/2
Cx(lax|) =+ pH7 1 [p?6 |4 4 +/

T,

P(¢)]y(2mng | x| cosg)d,) 4

wek | f - fy| (62 FF B E¥HL
oz FRIY F glon j WA HAHY)
8& d(column) HE, ¥( X, 2 XEE
At kA AELS thSAT 2,

o >

[ Y(XJ,)]]R = Iy, x,) 5

RE F#7] £9 d(column) HEHE 54 H
=4,

v [(xy) ] (6)

V(x,) 1



Kroneckerit2 9] &9 47 )
$3¢ A teas 2o,
I(Y) n 1
s A A * -2 ~-2 =

. [/;lakY(X?)] oGS, -5S;
C—2S - l -2 -
4714 -Ag WM o5 g ? = ¢"C,
°]3 a, ¥ n A< Weight Vectore] ks A

otk I3 A7) (Combiner)ol 3 n 74
o A7) £8e LA o),

p

L

n

9t = kE ay(t, X, ) €S)
=1

E g o]5e gz g

g, = | %o"C, ©)
oA A3 A2 FHE A A2
AAA j A k WA A Alolo] A s}
Hog 2% & ULe LUt 1yhm= j
S koo F8F WA o] 5L HAYs B3 A
o n/} A Atelel FE 2A4E HisaEd
FE49 ¥4 Covarianceds A7)9] &
o A7) A9 wgEe AW 5+ 7} 9
1= :

I 3ol d@ o]

29

44, B, FAde] g FAEE 29 1
of Yehdth 1, o, P: 27 W9 EH,

FAGAN Y FE T,

ox
©
S
s
_?l_g

Ol oI8X= UHE =401 =3 SHHE & 59
| 2 |
I
Lassr |r" P
Diffuss
Targst

Racaiver ‘ P

Turbilence Region

a9l 399 AT 7A.
Fig. 1 Laser source target and receiver confi
guration.

ol ME ExAe ued g
uy( 1) = ugexp(-r */2a2 - ik r 2/2F) (10)

Xl wA
F:&38 A

ol EHZAHNA ATHI AAY field BE
= extended Huygens-Fresnel principleo] <)
3t} og A3 g 40

2
u,(® = (/27 Lexplik(L + 57)]

X/ Uq(r)ezp ik (r* —2r-p) 2L+ W, (p, r)]dr

an

U, A5 FFAele] FHselA Y A

Ed4 ojg &7,
EZ o] M2 field®) extended Huygens-Fresnel

principlefl E1 & THA] HE& A|F|H LAIG A
9] field7} EoiAH 2 A A& S

2
ulp) = (k/2mil)explik(L + %)]



60 BETSEERHTRE WX '2006. 6. Vol 7., No 3

x [Ulp)ep (ik/2L)(0" ~ 20p) + o p, p)lp

(12)

Y2 mARENT Aole FEdAAS A BA o9 xw
Coulp) P AHEE FE B A9 field

olatel A3t AEL focused (L = F ) &
Collimated( F-->0) %] A= AH&FHT}

IV v} A2 (Variance)9t =ujE|d
2~( Covarince)

vlgldx Ay w8 o) B (variable) x9] 24Hva -

riance)& TalH 4, 2(e]AEME BAT #

ATt

V& = 0,2 = 3 - Exp(xp - ufx,

- X,) (13)
o714
u, = Z Exp +(xy - Xx,) (14)

= AT 1344 o (FERDE T
154}o] Hrt}.

0s= V) (15)

ZrtE] A A (covariance)= WY vl T o) B (varia

ble) x¢t yol- BEgkolA Ztzte] AY wig o

& x% yE WA I gt 7@ el
Colxp, x,) = upq' - u,bg (16)
o 714

n n
Uy, = zE ;prqf( X o x) (D)

FA Gl F(Laser) FulF Azl #HF A7
£ ¢ 2% $A4H 54¢ wa god
FAGIN Y FZrte Az,

02 (pp,) = p(xy) - p(x)p(y) (18)

2 FojAH FAH p1 T pol oI5 A& (corr
elation) &A= g3 Zo.

Ry p = plp; Py = plu,(p)u, *(ou,(sy)u
x(s,)] | (19)

(19) 49 extended Huygens-Fresnel princip

ledel & H&5q A7 G (correlati
on funtion)+,

k . el
Ry, p, :(m)2 f / drydroplu, (ryu, *(ry)] +  expli

k(|p1—r1|-|D1-r2|+|D2—rl|—|p2-r2)] (20)

ol ¢t (19 42,

Uyal Uy2ad Uha

plp Wpg)] = —g + it = (=20
L L L

(21)

oIt} p,% p,o FuhAAE,

27’:L)2u02/fdrldr2 - exp
ritrs ik

[ 201% - TD(I‘I + r2)]'% o]%_s}‘o-:'

pllu, ™12 = (

Uzy(plp2):(%)2f f dr,dr,plu, (ru,*(ry)]

- explik(ip;r;I- Ipy=Tol*Ipy-1,I=IDy-1,)]-



‘%004_k2k22ff//
( 7 )*=( 27rL)(271'L)u0 d

rldr2dr3dr4 . exp[ik(ipl‘rl|‘|p1—r2|+|D2‘1‘1|_|D

240 OI2EE g 4019 =X SHH EHH 61
2‘T2)‘L§2Z—%r4 Z;fp(rl -1,)]- (an0 )4= -%?; \’\
(o f / f f e drgrg, - exsliipy r
-rl!—Ipl—r2|+|p2—r1|—|p2—r2)—7€2;a0“— - zéc p(r;
rl-udad, | (22)

(22) o] "t}

V 4# (Correlation) A4

FBAFE, AT3E covariancedd 4o
&3

P — (23)

2 yehte A%d AYge B4 1 ug F
o

ol <1 (24)
YL correlation A9 o] wWE A A
EE YEEd olRe F AFJl o] ¢
b, F N3 M¥AHE YeEhlE Aoz 1 o
Ak -1 Ao F NEZE AFY = F3FEA
°] 2 Fojx 0 du F ANIE EYFHon

SERDI AL

ad 2 A4 # A F
Fig. 2 Correlation coefficents

vi & 49

B Adged B (variance)® FE2H(covarian

ce)d] FA4E AT 2" I35 Zoh

He-lA Variancs 1
Lassr 2

af
>

=] Cevariance

Variance 1

a2¥3 HA¥ EF tojo} a9
Fig. 3 The Block Diagram of Experimental
System

O

He - Ne #olA (\ = 63284)21 & of#jE 5o
filter(QEA =)o ozt EAtEd EAitd
olAH e Hurle] F4lEY, Asrld FAH
AN ZE covariance3 Zo|A EAH Falv] 3
2o JEte] HAVE FAE2 HEHPLW
oA wle BAiAE =2 A X - Y
Recorder®2 33t FAGHoz B4 349
o},

&

o



62 BREERHEXHETRE WS '2006. 6. Vol 7., No 3

Vi 24 43 2 13

A3l covariance®] HAE 100kk 4 F
g AR GAERe] Mt A4 A
o A% A¥d 2FH WzFuRsE 294
A B uks} o] 50k 7+ FAEEL 3

23 oge FRsME ARY gAY
FHoE 3ty AHAAEIE R dsE
g U 21¥5L 1849 correlation AT
E 7 Aolm aY6NME L = 1cm¥d)
Hxe AE 04 Vy, ol4=HE AV £F
o] B7ls ot

Bi

p - X
- LIRS » P -
- o
2 4 L p ® wssgo d
‘h

r o~ e

1 LT

A S 4 L asdany - *

G -3

- By,

L=Scm WxuEe] &0, 'V” Z e 1

* Var 1 Ggrilmm

« Var 2 F=5 St

& Coy

a9 4832 F949 Variance 1, Variance
2, Covriance
Fig. 4 Modulation frequencies Vp, Var 1, Var

2, Cov

A=
1.0
0.5 P
-~ PR -~ -~
‘«..A
G
Jufls 10k 100

a¥5.a%949 4 #F A F
Fig. 5. The Correlation Coefficients of Fig 4 .

WA
»
o
»
2 - * e ag,g ° o 2
1
1 ,xgl‘ %
0 "‘&M: AT &g ’(mv 3
x oeseer PE
xﬁ
-1 ¢ Varl
x Var 2 f=10dk
& Coy
ad6 WE AEY Var 1, Var 2, Cov

Fig. 6 Modulation Amplitude V,, Var 1, Var
2, Cov

34
0. 5 ¢
0.3
T o 50 100 400
0 - ‘{I}:{”
&‘
@ r-3
E ]
.3
-0, 3
-0, §

a¥7 969 A #H A F
Fig. 7 The Correlation Coefficient of Fig.6

2988 Ag Lo g WskE vt
o]&g& 2(13)ell ag = 24cm, F = 55mm , L
=lem 7 100 cnE Y HFHR At 4
HatE XS AT 2 9fA A
g Lo wE covarianced] A3 3 £
1 49 joint Gaussion theory A3 Y&
& 2 4



S0 Ol8x= Y

uh
340
. ® war 1
~ X Yar 2
1= 3
2 - T 9e - AQ,QX*
o a4
1. a
a
E-4
0 - . :“ -
10 20 3¢ 35 CY

288 A Lol W& Var 1, Var 2, Cov
Fig. 8 Var 1, Var 2, Cov with Variable L

Gq)
"i L= 910m
1.0 l’u =7 1lcm
\/m = B.4mm
@ = 1,35cm

0.5 « joint Gaussian theory
o ot > gm0,
10 20 30

299 joint Gaussian Theory <X
Fig. 9 Joint Gaussian Theory Curve

wnae

A2 AP covariance Meter: 1% ,56,7,89
A Bxel B4EFAL dtn JYLL sy
2 {1834 9] variance®t covarianceE =4 3]
o237 Wi 3t

S correlation cofficientE Al Ab3le] & &7

A AT F FEgag ojfete] W ugre

9 covariance EH 7] “0"& VERA A

AT 0 o] Hol T AF7} ZHy] E¢qle #Hel
AL FEAH(FRND)E AEEA] $n L=
10cmZ ¥ r, % 1,

g =dJlel EFY EHH oM 63

o AHE 5em, p; 9 AYE 5enE EFo}
o correlation coefficients 0258 =& 7l8]A
M2 JFE AT Y-S FH9 . B
=M A2 covariance Meter® A}-8-3)
o FFRNA trE AR s T 54
o) EYPA dRE A3 LS M BE
o B2 =& F A4HY ofx B =24
719] 5ol A gl A APS &
g AHo] o goz o] ZHo] HeFHW
covariance Metere= #5004 Ao &S
steje AZeo.

FaEd

[1] . HLee, ]Fred Holmes,and J.R.Kerr, "st
atistics of speckle propagation through
the turbulent atmosphere” J.opt. Soc. Am, 6
6, 1164-1172(1976)

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

3] . 84, “adg71& 58 2¥9F Ax”
FAHEAEE =FEA 19976, vel 5 NOI, ]
une.

[4] . AM. prokhorov, K.S. Bunkin, "Laser I
rradiance propagation in tubulent Media”, pro
c. IEEE63, 790-811(1975)

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

[6] . HIYura, "Mutual cohereuce Function
of a Finite corss section optical Beam
propagating in a Turbulent Medium”, Appl.A
pt.ll, 1399-1406(1983)

[7]1 . P.A.Pincus, M.A. Fossey, "speckle pro



64 BEZFEERKERE M 2006. 6. Vol 7., No 3

~ pagation through tubulence ekperimental", J.
opt. soc.Am, 68, 760-762(1988)

[8] . N.George and A. Jain, ” space and wav
elengh dependence of speckle intensity”, App
Lphy, 4,201(1984) :

[9] . wXK. pratt, "Laser communication syste
m”, wiley, Newyork, 1989 chap.9.

[10] . 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.

[11] . D Middleton and D.Van Meter, "on opt
imum multiple-alternative detection of signals
in noise,”IRE Trans,on Information Theory, v
ol ITpp 1 - 9, September 1995.

[12] . R Bellman, "Introduction to matrix ana
lysis. "New York : Mc Graw-Hill, pp 223 -
239 1990.

13] . "Two-position, two-Frequency mutual-
coherence function in turbulence. "Ronald F
ante.J. opt. SDC. Am/vol71.no.12s December
1981.

14] . Kim, yung-knon "Direct detection,photo
n counting receivers for use in optical comm
unication through Turbulent Atmosphere.”kon
—-kuk university. journal of academic affairs n
atural sciences, vol. 8, pp 151-167 1983.

15] . Kim yung-kwon, "Analysis of crossed 1
aser beams in turbulent media for option
communication. "journal of academic affairs.
natural sciences. vol.xxvlno. 2. kon-kuk univ
ersity,1982.

SRR

19752 A& 5 FH s
ARFOT 2L (FGA
19792 AS S ke A
A2 Y (FHAAD
19882 AFUSE gt A
AFHG AL AR (F

WAL
2007. 3. @A AU AFE FuP w5



