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ABSTRACT 

We present the comparison of CDMA MAC protocol with and without beat noise by 

using 2-D optical CDMA MAC protocol over WDM networks. We use the asymmetric prime­

hop sequence code. Moreover, we analyse the effect of the number of available wavelengths in 

tenns of average number of attempted to transmissions per time slot (offered load), and beat noise 

is considered. The presented numerical results based on the throughput and delay time versus the 

offered load. We divide into two parts. The first one, we consider the effect of the number of 

available wavelengths. Another is the effect of with and without beat noise in the 2-D OCDMA 

over WDM systems. 

II
 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



.e.G.' ~ J d , , , "" .cl 4, " <Q" ~ 
.:J1U1'i1VflH'\.HhI'Hlqln.:J '1.1 ~~1U~l'I1UtH~1U ...n Ult:'n:i:tJW'Utl.:J'U~l U1:i~1 'nHIUlH 

lYtl.:JiY11'Utl.:J ~.yh1~V~'lf1VlrJ'UlI:i .:JiYU'UiY'4'UUll:lrJUfhll.:J1 'iI1M'~.yh1~V~lltl~JJ1 lm:'Utl'Utl'UfJW 
.. " 

tll'il1:i u'Vlfl't;,uli ff.:J iYtlU1M'm~vijm1JJ! li.:J'YI1.:J~1'U1'111m:i Ull:: fh~-Iliiu~1~~H"l 1~VlU'n1:: 
.~ .... 

~:i 5::'1 'n:iJJl1111.:Jfl'i tl1'i1nUlh::~1f1W::1fl'1flHUfl'liY~{ fllfl1'1111fl'1m:iJJ 1'Y1:iflJJU1f1JJ JJ11l­

1'Y1V1111V1'YIfllU111VJJ11lUf!:i Illl: :iit~:i.tf1'nll ff'YIn~1fllfi tl1'i11:iUlh:~1f1W::1fl'1m:iJJfl'liY~{ 

fllfl1'1111fnflH JJ1 'YI:iflU'U1f1JJ iYtllUU1'YIfll'U l11U'n:i::'iI'tlJJlmh~lfJW'YIl1n lll~m:U.:J 

'U'tl'U'tl'UfJW tll'il1:i UiYJJJJl~:i UiY .:Jl~'U 'tll'il1:iUlh:;~1f1w:;1fl'1m:i UR1iY~{ fllfl1'111 

1fl'1flH U1 mflU'UlflJJ JJ11l1'Y1V1111Vl'YIfll'U l11VUl1l'UfI:i ~'lhv1M'fhuu::U1 Ull::lrJ'Ufhll.:J1'i11u 
" " o .c. QI Q,I.cl 

m:i'Yll1'ilVflH'U 

" ".c. QI "_loA .tQ d A J 1 
1J~ 'YI1V~1 'iIV'U 'tl'U'tl'U'n:i::fJ W 'tl1'i11:iVu:i :;'il1iY1'U11'111'tlillfl'YI:i'tlUfliYUCl:: m fI JJ'Ulfi JJ 

f1W:;f1lR1iY9I{'Q91iY111m:iJJ U1111'Y1VlllVl'YIfllU l11Vn'llJJ.:Jflll'n:i::Uf!:i l'Jfl')'hu~f1'tltl1M'fhll.:J1'i1 

" " 
IlCl:fln1~vflf.:Ji1u.:J'~f'UflniYu'UiY'4Ul~UlJU lf1Hm:i1iv 'I.In:~li1 'n.R. 2550 'il1flU11l1'Y1VlllV 

1'YIfll'U lClV:i1'11U.:JflClm::Uf!:i flfl~1V 

III
 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



'IJ'YItl~clml1'1;n1'YItI 

'IJ 'YI tl~ clflfll'l;l1 fl.:J ml'lJ 

fi~ ~ mHnh:: fmY 

~1'juty 

~1':iUty1l1':iH 

~1'jutyfl1'n 

1JY1 J 1JYl111 

1.1 fl111J 11'lUlJ1
 

1.21~f:J'lh::~.:Jtl'\lfl.:Jlfl':i.:JOl':i
 

1.3. 'jffl'IJI'\l1l'\lfl.:J.:J1'\.j11ltl 

2.1	 'IJ'YI'Ih
 

4 '1 j/ d d
v 0 j/ dod
2.2 Ol':i~fl~lHn'\.j tlUn1'U1U~.:J~1t1nl':il'\l1(l.:JU'IJ'IJ'IIllm1Jm 

Q,I'	 iI d .did 1 "1 "d	 02.2.1 'IHlnOl':il'\ll(l.:JU'IJ'IJ'II~m1Jm '\.jl~'\.j tlUm'U1U~.:J 

~ iI d do=t d 'JI iI 0 
2.2.2 i'l.1U'IJ'IJ'n'\.j~l'\.j'\lfl.:JOl':il'\ll(l.:JU'lJU'll~m1Jmhu~'U1mln1'\.jlU~.:J 

2.3 ffUlUllW':i'IJn1'U1'UH~'\.j1mlthwlU~.:J~ijn1'jI<U1'j,r~U'IJ'IJ~~lg1Jm 
" " 

Q,I' .d ~ Q,I' 

2.3.2 ~U1U11W':iUm'\.j'YIlflHJ.:J':iU'YIHU~.:J 
" " 

., "''' 2.3.2.1	 ~tytylW':i'IJm'UI'jf.:Jfl111J':itJ'U 

2.3.2.2 ffUlUllW':i 'IJm'Ul~.:Jfl111JitJ'\.j~i vll~~l'YIfllflfl1 
" " 

2.4 l'YI':i 1J ~"flW'I1 ftltl'litJ.:JffUlUJ1W.. " " 
.dI .d	 ~ e:.el d tI 

2.5 ':imVlvlfl'UlVl'\.j'll~'UtJtI~ 

2.6 nl':il<U10.:J'I1ftltlVlH 

"'d i
26. .1 11i tJ:: mn 
ad d i
2.6.2 11i~"tJ~tJ:: mil 

2.6.3 ':i::'IJ'IJ WDM 

2.7 ':i::'IJU PON (Passive Optical Network) 

"
'Inn 

I I
 

III
 

IV
 

VII
 

VIII
 

3
 

4
 

5
 

5
 

5
 

6
 

6
 

7
 

7
 

8
 

9
 

9
 

10
 

12
 

13
 

13
 

16
 

18
 

19
 

IV
 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



v , 

~tTa uru.. (vw) 

20 

3. I UYIll1 20 

3.2 tltlYl~f1tl~CJ1~lg1JlAfJ 20 

3.3 fJtlH"1JU~'Iltl.:J{){)Yl~f1{)ilCJ1~lg1J 1AfJlI'lJ'lJ 2-yi!nm 23 

QI .::I d °cfd Q J 1 .atd d &:11 "1
3.4 'fHyqplUmf11lJ'lJ'YIlJtlVff'YIlnfJ'IllJ lJn'lJ'lJ'l1fJW'YI'YI '11 lJm'.i 

1~{)1J lV.:J'YI1.:Jllff.:J 24 

'lJ'YI~ 4 m'.i11fl'.i1'.i~ ...i'.i~'lJ'lJtltlYl~f1tlilCJ1~lg1JItl'lJlJ lf1'.i.:J'Ihv WDM 30 

4.1 'lJ'YI111 30 

. d 1"1 Q 0'
4.2 1f1H'Il1V'Y1 'Il' 'Um'.illfl'.i1~'11 30 

4.3 tJtlYl~f1{)ilCJ1~lg1JltllA~lIrlfltil'W.:J{).:JffiUiU1lU'.if11'UII'IJ'IJ Beat 31
" " 

4.4 fll'.i11fl'.i1:::M MAC 1'ill191fltlil 35 

'lJ'YI~ 5 r·mm'.i11fl'.i1~M'l.h:;ff'YIi.fll'ViltM.:JIil'll 38 

5.2 r-I~'Ilfl.:Jfll11JU11l~11I'U'Il{).:Jtifl'.i1iill~~'Vi~lfJ~tl'.i~'IJ'IJ 38 

5.2.1 ~mnl'.i1If1'.i l~Mlrltl ~bjti 1U.:J{).:JffiUiU1lU'.i 'lJ fll'Ull 'IJ'lJihn!tlV'fY 38
" " 

';"u0:::94a.- aV rI 
5.2.2 l1Jtlfll'U .:Jf).:J ffiUiU1iU '.i'lJfll'Ull 'IJ'lJ'IJ'YIlJ tlVff 39

" " 

40 
~ oI';','Od0:::9Q1 ld,iI 0' 

5.3.1 ~ilm'.i 11fl'.i1::lfI1Jtl 1JfIllJ~mffiUiU1iU '.i'IJfll'UII'IJ'IJ'IJ'YI'UtlVff 40 
" " 

.c:. d' ~ 0 d d cv Old 'J/ 0' 

5.3.2 ~ilfl1'.i llf1'.i 1::'11l1Jflfll'U.:Jf).:JfftytlPiU '.i 'lJfl1'UII'lJ'lJ'IJ'YI'UflVff 42 

d Q rI oQ cfoQ Q.f11 
'lJ'YI'YI 6 'lJ'YIff~ 1I~:;11l1'Wr-l~m'.illfl'.i1::'I1I'1l'.:JlIllil'll 44 

6.1 'IJ'YI111 44 

6.2 ff~1IIlftllf1'1ltl.:Jfl1'.i1,)Vflf.:Jif 44 

6.3 'IitlIff'U tlll'U:; 45 

" Q
l{)flffl'Hn~tl~ 46 

r-I~~1'U1,rV~M~-n1Jlflr-lVII'Vii 48 
Q"roQVd11 '.i:;l"~l'llV'U 49 

.fllfl r-I'U lfl 50 

v 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



m'iHn lftrl 

~l'il.:J~ 2.1 llffYl'HY].J1.h::ff'VJilrl'6n1l1HU1'IJ'U1Yl'IJ'6.:Jn\yqjlw1tH'VJ'UJ~jjf111].J~9i1~"l I J 

VI
 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



~'I.I~ "11'U1 

_Id "', ...... <l 1 "1 ".
~1J'YI 2.1 Ifl'H)'tI1(J~::;1J1J<)fllmlJm 'Ulff'U (JlIm'U1Ilff~ 6 

~'I.I~ 2.2 1I1J1J~lft{)~'tIV~lfl~V~f1J'YI1~lIff~.. 8 

~'I.I~ 2.3 ftt1Jt1J1tu~1Jm'U~lnll~lfl~V~f1J .. " " 
8 

1'1.1~ 2.4 fttyty1tu~1Jm'UI;;~fl11lJrri'U~vQ1'U1vn~~I'YImflV{ 9 . . .. 
~ 'l.lYi 2.5 Hft m~ nlJl1 ftl(J'lfV~fft1Jt1J1tul'i11M'ln1l1f1l lJ6'U'l~'U .. " " 

lO 

nJ~ 2.6 fm'flm~'lf'Uti'U'tIV~1l~fllfl~1'U11iv::1,u'Jl.. 14 

~'I.I~ 2.7 'lf1~l1ftl~Vl'Hnllf1l~'lf'Uti'U'tIV~1l~.. 14 

~'I.I~ 2.8 flft 'fl111~'lf'Uti'U'tIV~II~mfll'l 1'U11iff~V~V:: lm'Jlfllfl~.. 17 

~'I.I~ 2.9 lHtflfl1~~Vff1~,rVlJ"n1J1JWDM.. .. 18 

19 

22 

_Id
~1J'YI3.1.. 1" ., ,,'"'tI flHff~1~mHIVll~l1ff'tlV~m~I'tI1fl~1l1J1J CDMA 22 

d .t::\ rI 

~'I.I'YI 3.2 m~ff1fl'lf'Yll~lIff~ (Complementary Optical Switches) 28 

~'I.I~.. 4.1 lflH~lUVV'ri~f1v"~~lglJm1J'U WDM 30 

(Peak) 1l1flfl1~l'i1ffl1fti'UVfll'U1J~ (Autocorrelation) 31 

nJ~ 5.1 H,,'tIV~fhe)fl~l~ll'WmlliJfl~V~ltn'U~H1Jim~.. .. 
~~1'U1'Ufl11lJUl1fl~'Ullff ~~11~ Ph =17 ,31 38 

nJ~ 5.2 H"'tIV~m~lmU1Jl'ViU1JfhV~~1~1l'WmlliJfl~V~1'U1'U~H1J~fl1~Irlvfi1l1~tu1.. .. 
11m: 'lifi~1~tu1(i~fftyty1tu~1Jfl1'U1I1J1J Beat 39 

~'I.I~ 5.3 H,,'tIV~fh1ffUff11Jl~fl';Vfh offer load ~~1'U1'Ufl11lJUl1f1~'UlIff~ 

~11~ Ph = 17 , 31 40 

nJ~ 5.4 H,,'tIv~l11h~l1m';{)fh offer load ~~1'U1'Ufl11lJUl1fl~'Ullff~~11~.. Ph =17,31 41 

~ tl~ 5.5 H"fl1~ 1mU1JlYiU1Jfh1ftUff1lJ1~m :::W:h~lrlvfi~1~tu11l"::lrlV 'lifi~1~f.ll1 

H"'tIV~fttyty1tu~1Jm'Ulltl1J Beat 42 

~'I.I~ 5.6 H"fl1~1mU1JlYiU1Jfill1lh~l1m~:::1111~lrlvfi~ntu111":: Irlvi lifi~l~ tu 1 

H"'tIV~ftt1Jt1J1tumm'U1l1JtI Beat 
" " 

43 

VII
 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



'" UYlTIl 

lnnh 

1.1 mllllihnn 

''U'lh:JtJn:mw 20 iJ~~l'UlJl l'YIfll'U1~i6flll~lJff1l~1'Ul~'U 'lJIl0'1,hllff.:j'~I~U l~ij{h.:j 
d '" • , ~ , "" ~, ~ '" '" 1. ~,. I

n~lIn JJflll'Y1l 11f11fl11JJf,!qjlfflJ 'Ulff'U lJllfl111UUC)f.:jlnCl 11JJfI (smgle-mode) Clfl'UtJlJCl.:j U 

JJ1fl flln'h"'1'tllfl1U'YIHllff.:jiifl11lJ'1 ''Uflll1Uff.:j~'U fllli9JJ'U1 ,,rff1l~.:j~1111lftlC)ftJflA1tJA.. 
71 71 

(laser diode) iifl11JJI~1f,! .:j~'U llCl:::fllnh'M'tllfltl(JllJ'YIHllff .:jiifl1f,!.:j~'U''U 'lftJ.:jfl11JJ~ffqjqj1W 

1f1lJiiij~11iifl f,!.:jqfl ''U1 ::lJ::'Y1 H~' flCl~ qfl~ 'li~tJ.:j' oH~1'Y11'Uffqjqj1W JJ1 fl 

~ w, ~'" . ~, ~. '.1.1 "" ~ ~' , ~ 
ull~U'U f1JJfl1l'U1Iff'U lJllfl1'U1llff.:j uUl::Qflfl 'Im'U11ClllJfl1'U 1'If'U 'Ul::UUfl1lfflJff1l'Y11.:j 

'YI:::m 1:::UUlflitJ';llJ lmfr'Yfll 1:::UUlfl1tJ';llJfltJJJ";11fllJ{ l~lJ1O'UlitJIICl:::(Jl'UtJ1fllfr11JJ'tJ(i.:j 

l:::UUlfliij';llllm yj'frU~1'U ff1lllflliiCl~1lJ 

'" ~. ~, ~. , ~.I 1 ""'I ~ d .~ w, ~'" 
(l.:j1lJJ11fl11JJff1JJJJ1fltlij.:jlff'U mlfl1'U1Ilff.:j1l::: 'lful::: lJ'If'U IflJJ1fllJllJflfl1JJ llflull~U'U f1JJ 

flll1111~'U ''Ull0'11111lff .:jJJ11oHtJl:::1lJ'If'U1liJJ1fll'til~f11l ;j.:jl'l1'J HCl11 ~flnti m~tJ m WI~lJ1O'UtJtJtJ 

1$i'61~ flm tJ-U flff (Opto-electron ic) ~6'UllflIlCl::1tJ111'lJfltlij.:jl~'U 'lJlI0'1'liff1lJll (l'tiH1'U~ 
71 

f111JJ1~ 1 ffJJ i'U~o'U llUm)1f111t1tJ.:jl~'U 'lJll0'1M ~.:j,r'U 'ii.:jii flllfhih(i.:jfl1lIlV.:j llU'U~1f111t1tJ.:j 

~ 1 ~ ~ ,~ . ~ 1 , ~'" ~ '" ,
lff'U lJllfl1I'YW 'If.:j1m:::1111.:jflllffijff1l f1lJlJijJJ 11JJflll1tl1m11Cl1lJ'YIl.:j (Multiple accesses) 'U 

I Go' <l::::I Q,I 

'lfij.:jffUJUJ1WlfllJ1fl'U 
.. u 

71 • 71 

~1lJl'I1'J HClii'ii.:jlflflll'U1f111JJflfl111";1'U flllilJl'U1l :::UUflllfftJff11U'U rtY''U1ml0'11111 Iff.:j~'U lJl 

, I ~ d..a " e!l ~ • '" ~. , ~ Ire! 
11JJ 'U'Uflflijfllllt11(l.:j11C11lJ'YIl.:j' 'U l:::UUlfl1 tJtI1lllff'U lJllfl1'U1Ilff.:j lf1lJ m ::UUlfllijtlllll11Cll'U 

1l:::i1fll1l.u1'oHl~'U 'llllf)'1111fl11ClllJ'"] l11'UfI~.:jll~ C1:::111'UfllI:::llV.:jO''U 'oH'lfij.:jffUJUJ1W~i1ijd.. .. .. 
.1 '" , ~.I 0' '" , ~ 0' ,.'" 1~.I 0'1f1lJulflflIlCl::ll::: 'IffluflHU'Ynfl~lffC)f~ (Passive) IICl::: 'lfflmW'YIl.:jllff.:j 11::: JJJJfl1l 'lffJumw 

11tJ Cl.:jffWW1W 111flll ff .:jl~'U 61l~ om tJ-Ufl fflm:::ij tJmWIItJ Cl.:jffWUJ1tu111 fl61~ flm tJ-Ufl fflil'U IIff.:j
u u q u u 

lJfll1m;tJClllJ~f1I~ijJJ~lJ 

1'U fllll,;'lO.:j11 Cl1lJ'YIH''U 'lfij.:jff\!l\!llWl~lJ1O''U,x'U 11::: iifll1'yh1JCl~I~Clfl9f (Multiplex) O''U1I1fl 

11ClllJ'"] 111'Ufl''Ul;.:jfl11JJ~IICl:::I;.:jI1Cll ffl111U 1;.:jfl11 JJ~,f'U nlldhtJlIUU I~ 'U flll1.u1(i.:jClllJ'YIH.. 
IIUUlV.:jfl11JJlJ1JJflg'U (Wavelength division multiple access: WDMA) Ilft::fll1l.u1(i.:j11ClllJ'YI1.:j . .. 

~ ~. 0 IV ~ Q,I d d .... 1 !:ft 
IlUUflCl'Um11lJijlJ (Subcarrier multiple access: SCMA) ff1mUl'lf.:jI1Cll'U'Uflll::JJ~UIlUUllJ'Uflll 

9/e!l r gJd' 

Itl1(l.:j11ClllJ'YIHIlUUllmnCll (Time division multiple: TDMA) Im:::fllllt11(l.:j11Cl1lJ'YIl.:jIlUUllm 

1iff (Code division multiple access: CDMA) 
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" 
ihl1':iUIl'lflUflll1J1J CDMA l~lJll';j ntlmh:lJlHl'U mH1f)m';j~huilJ1m nY'l c]f~iJ'U'i)::;[JtllJ 

'II

. " 
lM'~H1Ji f1THY111THlIoU'llll li''Ii'f)~fftyqJ1tlll~hJ1fiu 111 [J fll'j ~lll1cn111'1 ~11f)oU''f)~~'j ~i1 ~~\lmh1Jl 

1.h ::;Qf)~1i'1m::;1J1Jlfl~'f),hmff'u lvu/l1U1Uff~ lui] ]985 

ltftf)f)l'i'II'f)~ CDMA ~Hlulff'ulvu~1U1Uff~(Optical CDMA) 1l::;fhmiill'timfl~f)'1 l'lH 

Uff~ l~'f)ihf)n loU'lH1'ffn1Jii~oU''f)lJ''~1Jl1l1f) IltUlI~l~'1 lM'1~U'\I1J1u'timy' ll1vihrf)llW::;l'\l'Ynl:;... 
Q,I":' dE'( "Q.I dQ.l ,J'1 ' 

'\I'f)~'\I1J1U'n"ffUU'1 9mlJUfll'jl,n'jl1ffU1J1J CDMA 91~fftytylW optical CDMA l'lff~:IJl uu~,,::; 

d lie. tI 'j/ .,fA tI Q.I 'J/ I " ...1ltU~1l:; 11ll1JU11111l'l f)11~:IJlf1 (1Jlf) f)11111JU1I111l'l'\l'f)~ fftytylW'\I'f)1J ,,) U fll'j l'\ll'j l1 ffll1J1J 

CDMA ffUJUJ1W~1Jl1l1f)Il1UlIi~l111~lUlfl~'f),hv'il:;ili~fllmm f)ff'f)lI'j:;ltil~nU ~~fll'j 
u u 

loU'l'ilffflt C1lVl'lHIun cnl~u1null1u ili~fll'j ltt11~I1"lJU 1l:;lnll~U ll1vtJ nff'illf)fI1111 ~11~U~ 

1l::;,r'f)~ HI tJ'j 1~f1'f)"n971J~'f)u'\I'f)~lfl~'f),jlV l~'f) lM'ffll'tiunn1Jfll'j fmy~oU''f)1J"n1JIltulI~l~'1 ~ 

mjlulfl~'f),hv ll1v~oU''f)~'\I'f)~ CDMA '1lrlmm V1Jl~V1Jn1Jfll'jloU'lg~f)"lVm~ll1J1Jgu ff11Jl'j(l... 
" ff1t1M~~i1 

lrlmmV1JlnV1Jn1J TDMA n1J CDMA Ju ili,r'f)~~fll'jci~ lmuffnm:;1J1JIltUlI 

" l1~ltllll lUlfIi'f),hv 

IrllmV1JlnV1Jn1J WDMA n1J CDMA Ju WDMA ll:;,r'f)~~fJtJf)'jWfmT~nrlltl'~n 
~ a 'j/" eo ~ 

~'U1Ul1J" (Wavelength-tunable) l1 'j'f)nrlm~l'lffl~1J'm9l9lU (Wavelength­
". . 

stabilization) 1l":;~f)11~l'lf11l1UlIli'j'f)~'f)~f)nri ~oU''f)ll'''f)'f)f)itlll:;~'f)~ri~ itJYi. ... 

ffu6f)C1l~nrlltl'~nri'f)U ... 
" . 

U''f)f)1l1f)UUlltl'1 CDMA U~)joU''f)~~f)mh~~fi'f) iJUI~Uf)l'jV1f)Yill:;lnllf)'j1Jf)1unm:;ltiH 

fftytylwtJ"lum~n1Jfftyty1W1l1f)IltUlIg'U'1 l,1'f)~'illf)\lmoU'l'jIfffHutl'1JUU'f)~ ~~l~U 

f1W ftf)llW::;l'\l 'nl::;~ih IM'oU''f)ll "~fI1111tJ "'f)1Inv 1Jl f1~uJum~. ... 

ll~'f)VH h ~mlllrl'f)~1l1'jW 19~fll'jloU'lg~lt C1lVl'lHU1J1J WDM ll1vl'\l'nl::;'j:;1J1J1f1H,hu 

'" i"1"1' , .d " mll'f)~ (Metropolitan Area Network: MAN) 11 'If f1H'\I1V'j:;1J1J1l1J~fI1111Vl1f1"Ullff~U1J1Jl'\l1l 

(DWDM) 11Julm~,jlVffUltft~ (Backbone networks) lf1v~1i'i1ifll'jffil'l91m~llff~ 

"" ... lid(Wavelength-routing) 91~ DWDM 'n~Ul1Jl1l1f)ll'lfi U "V WDM (Wavelength Division 

.eS Q,I' 'j/ ..::i d ~ eo ,~ d d eo eoQ.I

Multiplexing) 91~ffllJ1'jm'f)~'j1Jf)l'jff~'\I'f)2,!" l'l'f)~'jlfl11111'j1 2.5 f)f1:;1J~~'f)1Ull'l (l~ 10 f)f):;1J~ 

~'f)ilnYi ~ 32 ii~ 64 '\IW:;~ DWDM )jfll'jI~1l~lU1U'Ii'f)~ffUJUJ1Wl~U 160 'Ii'f)~ffUJUJ1W 
u u u u 

'Ii'f)~ffUJUJ1W ('t1llll,jU~ fll'j i~vy'h1M'ffllln(l)j'li'f)~ffUJUJ1Wii~ 1022 'Ii'f)~ffUJUJ1W) 1m:;
Uti.. Uti Uti 

flllt'UlI lM''j:;v:;·..h~'j :;lti1~'Ii'f)~ffUJUJ1W~~U fi'f)'f)V~ 25-50 nf):;IB{fl'l1 vh lM''j 'f)~fUrJlInfll'j ri~ 
u U 'II 

oU''f)1l"i~1Jlf)g~ ] ll'1nii~~'f)iUlYi ll1Vfll'j't'iH1U'\I'f)~ DWDM 1~1l~U1l1f)fll'Jri~ffUJUJ1W1l1f) 
... u u 

llmi~fhliillUff~1Jlf)f)'h I ~11JUfflv'rll1J'f){'f)'f)tJ~f)lff'Ul~U1 ll1vli'~1 Multiplexer lm:;HlJi1 

Demultiplexer ~tJC1lVl'lH~lUi'1J lUfll'jIWf)~lUff~~'~ Im::;ri~itJu~~1i'1Jllff~'YJf)~1 ll1u11i~ 
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~lfJ~il~fI'Ot11'i Hf1l1~lJ 1I1fJl1~0t11'i~1l Uff .:JtimllJfJl1fl~U~1.:JtiU ll::n1JlJl1tlll1'hkyhtiu lrl'O 

f'hU1l19ilJ til1,.rffllJl'i OlWtlllff.:J~mllJfJl1fl~u9il.:J~Um)tlllltlOU111 mi.:Jll 1m!uH'lrtUff1Ut11'i 

i -ntiffllff.:JmllJfJ11fl~U 1lIV.:JfflfJ1-nlUij{ij'01I~tl'l1ii~~1.:j''lllfl:: 1um.:Jtl~1Jnu t11HY.:Jt'OJ.!fl~l,* 
" 11h1lJllff .:J1l~Tff ·ut11 lIV.:JfflfJ1 -nl1J'O{'O'01I~ tlIl1fJ1il~fJ10'U 'U '0 tlll1tlih ::1J1J DWDM lY1'U111 qj 

U.:JffllJl'i OliHl'U'i1lJ01Jqll tl'iwl'Ylfli 'U i flVll1J1Jlfll tllh.:Jl'l1'U SONET/SDH i~fJ9imh'U~1 

Transponder ~.:Jll::lill1,rl~lll~fJ'UfftytylW~lJl'il1tlqlltl'.iWlI'i::lfl'Yl SONET/SDH 1,.r'O~1'U'l11.:J 

mllJfJl1fl~U~H.:J1U1J'I.n::1J1J DWDM ~llJlJl~'i!lU lTU 

" ~lhtity DWDM lrlUl'YlfliuiflV~ltllJlhHijtH1'YlfJll~1 Ilfl::wfijlJl1.:J~1,.r1J1t11'i 
"	 . 

• 1	 " "'''1'' i i oCt'" 1 0 ~ '" ... ... 1 '" '" f,!utl'iW lm::lJFj 'lfl'Ylfl U flfJU Ut11'i'Yll.:J1UllHllfl1 f1'OliUlfl1'iOfftl'i 'YlfJ '\JW::'YlliUlfl1m~.:Jfl'i 

""	 "' I 

'OQlifJl 1l::11lJ1eM.:J1U1uli1"l ij DWDM ~.:Jlrlul'YlfliuiflVtiIl11J1::fflJtiil~1uih~uu l~'O'iij.:Jf1J 

t11'i '\JfJlfJvi1'\Jij.:J'i ::1J1JlfliijtU lfJ1UijUlfl~ 

I ..;. 4 od"1" J .J! d d JI dod J 
ll~lUij.:JllltlllJ'OlJ I;! 'If.:J1U lJl tl'\JU tll'i I'll 1M'\J ij.:J1l 'Vl tlItl~'\J 'OJ.!fltllJlJl tl'\JU 'ill tll1 fllfJ"l 'Yll.:J 

(Multiple nodes) ~.:J 111iil1 fllfJ1J'Ylml lJ111li1tll'i 1,jUl~fJ1ti1Ji 1I'i i~f1'Oflt11'i ltlU.:Jl1fllfJ'YlHl~tl 

1~1J1I';i ::iy'Ylnm'Vl t11'i 1eM'lfij.:J fff\1f\11W 1,.riilln: ff'YlimwlJltl~U 1~1lll::1rlull1J1Jt11'i ll'lhll1J1Jl1fll 

(Time Division multiplexing: TDM) t11'ill'lhll1J1J';il1ff (Code Division multiple access: CDMA) 

lrl'U~U ~-31l::1MU1lnfl1lmhtiUl'OfJltllJltl1Ut11'i ftmn lu'i ::1J1Jt11'i ~tlffUt'OlJfl 11.i1l'il::lrJ'Uluu	 v 

.,j ... 4 1" '" 'i ::1J1Jff'OffU 'Yl 1-3 llff-3 l1';i ij'i ::1J1Jt11'i fftl ffl'ill1J1J 'i fflfJtl~l1J 

lu i m -3t11'i 1,jflu"~.:Jlilt11'ifttlll1tll'i1l'i ::lJlwrhll'i:: ff'YlnmW ill'i i ~fltlMl'i ltltl-311fllfl 

'Yll.:J1JU iflHtUlfl1flllff-3 1JUiflH WDM 1~tlI~lJlI'i::;ff'Ylifl1w1MlJ10~U i~fI~l~tl-3llltlffUltlmll 
u u 

'i 1Jtl1Uiif'lfllJl tllrlml1ltll t11'i l.,)ltl-311fllfl'Yll-3111J1J CDMA 1JlH1JUiflHtUlfl WDM ~-3'~ 
~ do.­ odJ} 

Wlll'iW10-3fftytylW'i1Jtl1Ull1J1J Beat (Beat noise in optical CDMA) tlO~1f1 

1.2 lAtJlh~j;T-3t1,.t)-31fl1-3fl11 

1.2. I l~tlfftlll1 fIlwliOll ui'iJll ~UU'\Jtl.:Jfl ~ 'lfH~~ ff1l1 on lJ~ llJfl11lJft~'\ItWUtll~UU 

'l10fftllll ~lItlmtl-3 lm::~1J1'111';iffmUffmn 

1.2.2 l~tlftOlll fI1'Vl~ tlll w~Vi-3l1';i::ff -3fl'\J tl-3m 'lil-3tl~ffll1 tl'.i 'i lJ~ l1JmllJft~'\Jij-3'U' m~ flU v	 • 

'l10fftllll HlItlfl'itl-3 Ufl::H1J1111ml'ifftllll 
v v 

1.2.3	 1~tl111'i 
v 

11U1J1J lu t11';i !ff1lJfffl-3f1l'Vllitlll wri1l1f1Jt11';i f'lil~uw cYi~ ffl'\Jlm
• 
fflff~{ 

tl~ ffll1tl'.i ';i lJ~-3ll:: 11111';i::; tltl1Jtll;'Vlm'liNtl~ ff1l1tlH lJ
•	 v • 
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1.3. '\J{)1J1'\J~'\J{)-3-31111.ij[J 

1.3.1 fYmn 1tl'H,jltl1:::'IJm:::'IJ'lJIIU.:jfl111JtllltlgUUf(.:jIl'IJ'IJ 

.,. 1. 1 1 " .,. .,; ~. J "'.. 'I ", ~ 'I " ..1.3.2 flnl:ll u1 1'lf'lH).:jf(tyqpru LM1J91tl~"fll11"'lf:l.:jlHntl'Y\l.:jIl'HlIYf1Ju1::;f('YI1i.n1'tml'J

" 
U1::: ff'YI ntllYf1Jl n<uu 

d ~ fI"
1.3.3 flnl:ll fll1f(1'Y1'1l'It1'U 'Y\l.:jUf(.:j (Wavelength-routing) 

d ~ fI'jJ 0 .c:9 -=to fI'JJ QI A d-=to 
1.3.4 flfll:llfll'J 11m 1:::M~1t1fll1'il1"~.:j1l'IJ1JM1~11m 1:::M~1t19111"'lJrne>ml'IJf:I.:j'Vlq91 fl'J1 1J 

"'~-31:::1J'IJ 

1.3.511ml:::,.(0-31UU1J'IJ1m.:j,htl'M1j"lI~m.h1JlHl't4~'M'lfi~uUltll11Jfl~hJU"l 

1.3.6 '1h,rmjft~i~1I1vh011011 11ml:::Ml~.:j!Cl'lJl'lfUfl11ffVf(11Jl'Jf:Ifll'l1Ul-3l1ftl... 
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ct 

U'tl't1 2 

2.1 'U111h 

~ ..4 ,,~ .d 0 ~ 4' Cit jJ 0 " " .4hru'Yl'u 'iI:; mll1f:Flfl11lJ!Vi'U)1'Ul'Hn 1'lJ'U'tJ 'U~m'j ff'U ffl'j Nl'UIOUtn'U1Uff~"10m'j1'tJ If:Fl 
.. 

u'lJ'lJ~~ilglJl'U 1'tolh:;fW'lJ i Uri'10M1t'UhHy"1 ~~-U 1Y'tytylUH1'lJtn'UU'lJ'lJ~1~"1 '\1ftflm'j Itl(i~ 

".". d 'I "'I "0 1 1 .U'lJ'U"If"l'UlJl'U Il.Ilff'Uloutnl.l111ff~ ll~:; MAC Vi'j 'YIfI'U~ll'U'UtllJ (Random access MAC control 

.4.d .d CVQJt/li,!
protocol) "If~lJ'j 10~:; l'UO"'t~'\11'tJ'U~'U U'U 

. 
... I v 0 )I II .cI 44 Q:1 

2.2 m"HY6iYl'lFnU [JUn1Ull1iY~~1[Jm'lI'lllU-3U'U'Ueu~m)lm 

1u 'j :;'U'U~'Uffl'j ~1'U 10UO'T1huff~'iI:; 1 ~fl11lJrlVi1'\1 :;'YI1~Uff ~'U ci1 l.I'lh~ 1013-1016 li{'YI.. 
ri'1 m'\111 if'j:; 'U'UI~'U 1 till0'TU lUff ~~~ijflfltl.fl1Vi'tJ 'U~U 'U'U ~1mlffl'\1 f 'Uri~ 1Y'ruumulJl fl fl11 'j :;'U'U 

• u u 

ff1t11f111J ~~1"1 i U 'ill fl~ ~l'UlJl i ~ijfl1'j 1,)tI'YI1~ri'l'U mnil'.lJu 11 ~'U1t111 O'1'l11Uff ~ 1 'U1fI1'U'\il tI . , , . " . 
li''U~ii'U O'UlJ lfl 9f~ In tl1 o'Um nh1,rfl1'j ri~tm.l~ijvll 'j 1m'j ri~li ~ ~';'UI-n'Uu'j ::Qfl~1 cU1'U~ 1'U 

'j:; 'U'lJ'tYTU'fl~l'U ll~:; ill 1,rln"fll'j~"~tl'j:: '\11NfI'UlJW11~'U{ff:;"1fl~'U 1"O~fll'j Itl(i~U'U'U 

'\1 ~ 10 'YI N U'U 'U'U:; 9i ~ 1fI 'j 'U'ff'il:; mlJl:: fflJ fl1111'U'U9i ~ 1fI 'j 'U'ff ff1'\1 f'U fll 'j It1il~'\1 m 1J'YI1 ~ 1'U 

1.1 1 llJ "". ~ ~ • .,l, ~ 'I ""'I" = i" I ~ 'I"u'j 1If1'U~ l"lJfl1'jVil'.lJl.I1fl'U'UIJH'\1mfl'\1mlJ"If~I'lJ'Ufll'jIJ'UlJ1'\1~ 1'Il''lJ'jm'j'\1~11J'j11J "llmfl'UI'Il'.. 
'I5'U~1Y'ruru11ll~'Uffl'j 1'l5'U fl1'jltlil~Il'U'U TDMA, WDMA, SDMA '\11'U CDMA I~'U~'U 

u u 

ffl'\1 f 'Ufl1'j Itlil~'\1mO'YI1~1l'U'U1l'li~ 'jMff'\11'U~iiIJfl11~~lglJl'U (CDMA) Ju 1~'Ul'YIflij fI 
. .. . 

II'U 'UllN'tJ tlllJfflU flll f lJ (Spread spectrum) 9f~ll~ l~lJ fll'j I"1(i~ll 'U'U l1 \Jfl H1m:; 'U'U fll'j ff'Uffl'j 

~l'U"l1llilJlJU~::fll'j~'Uffl'j N1Ufl~U ilJ1fI'j m~ ll~~'UlJl'ri'111lJlU'j:;lJfl~1~1m :;'U'Ufl1'j~'Uff1'j. .. 
• 'JI G) "0 0 QI I JJ~ <d4 CiltJ"GJtJ ~ "'1" 

m'Ulff'Ultlllml.l111ff~ ffl'\1'j 'U ~"I"'U"'U~fl1'j l"lf:FlIl1J1J'UfI 'UffllJlHll '\1 fj 1')j''lJ'j fl1'j '\1 m tI'j 1m" 11')j' 

'I5'U~ffrurulllll~1J10'U 1'U11ml~ tl1 O'U1"lJilh 'Um'UO'U 'j :;'\111~~1 ~'Ui fll'j ll~~:;'j lt1 
u u .. 

'I " d ".". d 'I ".1 1 0' 0'= 0''1 • ~ 
I'U fl1'j I" 1(1~ II 'U'U "If"l'UlJI'U ffl lJlHI 1')j'u'j:; tI 'Il''U 'ill flll 'U'U"1"'YI I'U ')j''U~fftytyl III 'YIHllff ~ 

.,Ad Q1.d 'JI41 """4 1.d Q,I.o:i d I tJ4
lVi'U'YI 'iI:; 'iI" 111 'j IJlJ fll 'j I"1f1~ "IJ~ 1'Il''lJ'j fll'j '\1 ~1t1'j 11.1 'Ul1ml" tl1fl'U "If ~ 'iI:; m'U11fll 'j I"1f:Flll 'U'U.. 
.did. d ~ d" tJ tJ 4 0 " tJ "4 I QI til " .d Q,I

"If"l'U lJl'U'U'U ffllJ 1'j fI 'YI'iI:; 1'\1 ~ 1'Il''lJ'j fl1'j 'ill'U1'U K ~1'b' 1'tJ 1f:Fl ')j''U~ ffru rulW I"1u 11ft1I"01fl'U 
tU 'U U (,II 

1't1J'iI:;1~l1ftflfl1'j i"l~ fl~lfl1'UffIU'j 'tfflUflllflJ ~~rh1,rffllJ1'jflf'Ufl11lJllllfl~N'j :;1111~ih~'U ... 
"'U~ffrurullllll~:; 'j :;~1J ,,'U~m'j um flff'U't,,'U~mcU1Jifll'j ll~~:;'j10M fl1'j fhl1'U"rll~'lJ'j Mffliri~ 

u u .. 

~ 1fl (OrthogtmM) ti'U JU'''~'U~ff'U''f1c1''U~omi 11111 ti ~"'t)4.1hn tll'lHQjJU I~'U fll 'j ri ~1I~~:; 
" i tJ .d J 0'4 • , i tlQG) 0' Q,I , d 0' 
"'U lJ ~ 'iI:; ,,!Vi lJ lJ1 fl" 'U l'Ull 'UU "1" 'YI "'U ~ fln ff ~ffru rul III 111l 'UON 'j fl1l1lJ U'U'U" 1"'YI" 'U ~ .. u u 

, I " , 

'I5'U~1Y'ruru 1III 1~'U1t111 O'111111ff~iJ~ffllJl'j mh1,rll1JU~1"n1Y'rurulllllilWlJ';U ri'10 f111lJffl1J1'j f1li 
u u u u 
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. . "
 
l'li'l()~IlUU cu~lihJltlli'jtl~i'u~1~ui m'j ~l'U1'U K ~Hl'Ul1ft11~U1n'U linri111Jlmhu'Uu~Vi1 

iii I " I "'... 1 

v v· 

~ ~ d.,d iJ <IS _ ~ lid QJ " .d .4 • d l.d d.111lJ'j:: ffl'l Ti fl 1.... ~'\I'U~1U llJtlllJ'j UUll'lUU nu m'j l'\ll()~IlUUtl'U"'l ntl'U l'l 'il:: nft11()~'j 1Uft::ltlU~'\Itl~ . 
nn 1'li'1 ()~ll UU C)}~lijlJltl 1'Uu¥'UlUllO'TU111ff~~tl i tJ l'il'il::mi11()~'j1Uft::1UU~ 1~uVi'1i tJ'\Itl~m'j 

l'li'l()~IlUU C)}~lijlJltlntl'U 1~U'ildh1Uft::1UU~ l'U'I11'1i'tJ(i~'tJ 

u V ~ 4:S4:S cI .. V ~ II 0 

2.2.) 't'UUlflT';il"Uh1UtJU"II~161J16IUlffUIUllfl1Ull1ff..:.t 

_I " 'JJ "" "'''' <l 1 'JJ 1 'JJ 0 0 i'JJ Qd '" 1'Um'jlJ'j::Qn'lfll'jl'\ll()~IlUU"II~ltllJltl'Ulff'U Ullm'U111ff~ff11J1'j()m ~ 2 1Tifltl 
. " 

I) Hu¥'U lUllO'11T111 i'Uff~ff\l!qpWfftlff1'j ~~U'U m ::U1'Ufll'j 1'li'1'j'l1ff'il::~nm::Vi1''U 
" . 

'j tJllUUffUJUJlW hHh 'il1nU'U'il:: Vi1fll'j ltJ~U'U 'j tJllUUffUJUJ1Wi vHh1111.~tJ{j' 'U'i tJllUUffUJUJ 1W 
v uu 'U uu 'U 'U uu 

II ff ~1T111i'Uff ~tltl n i tJl'Ulff''U U0'1lUll O'Tlll11ff~ ff1'Ul'lHfl 1fl i'tJ'il:: i'uff\l!\l!lWllff~1'li'11J111ft::Vi1 

fll'j ltJ~U'U n"u1~tJ{i1'U ffUJUJ1W ivHh'lllJl~lJ ntl'U ~'il::~1'U m ::1J1'Ufll'j ()tl~'j '11ff ff111 i'u1inn 
v u u 

iffll'jl'li'n'l1ffllUU Gold sequence 11itl m- sequence ~tJll1Julfl'j~ff~1~1iif'il::lfi~tJ'j1ntlfll'jW~ 

I~Ufl'h tJ'j1n!]nnWfltl'\l1~Ul~nmmjnff-tltl~~fl (Electronic-optic bottleneck) ..f~l'lH~l'U 
J/ QJ QJ .d o'J ~ 0 1" 0' 4QJ QJ 0'11:::0

l'\lU11 ffllft::()tl~'j 11 ff "II~tJ'j 1n!] fll'j W'U lU'U'l1'il1n~fll'j 'If~l'UllU'U ~1~1'l'\ltl~'j::U unn fftlff1'j 

m~llff~ .. .. . 
2) Vi'~l'lH~l'Ul'li'I'llffllft::()tl~'j'l1 ff'il::~l'Um ::U1'U fll'j m~llff ~ ~~U'U 'il::ft~il\l!'I11lilfi~ 

'ill ntJ 'j 1n!]nUWflt)'\I1~tltlni tJ 

.. 
" "''''....'',''2.2.2 1tI IIUU....a U!lU"D..:.tfl1·U"ltl..:.tIlUtJ"II~Itl1J16IUlffU"" Ullfl1Ull1ff..:.t0 

lflitl'\hU'\Itl~'j::UUC)}~lijlJltl i'Ulff''UiUllO'TU111ff~ ~~ll~ft:: 111'U~()n~tll'li'1~1un'U 1~U~l'U 
v 

i11~tllJfitl (Coupler) 'lfii~ N x N llUUff'll{ m~~l'Uff~ 'li'tl2Jftij'l "I" 'il::\!m'li'n'l1ffm~llff~i~ 

nmlJlil'Uih~Uliftffm~llff~~ihj'l'jl";mfff~lJln ff111i'U'Ii'tllJft "0" 'il:: ili()m'li'n'l1ff ~~J'U,h~u 
v v .. .. . 

";ftff1J::nmlJlil'Ufl'U6Vi'~111J~~~'jtJli 2.1 v v 

•
•
• 

. 
tI '" "". "'''' <l i 'JJ i 'JJ 01 1'12.1 lfl'jtl'\llUnUU"II~ltllJltl 'Ulff'U Ullm'U111ff~ 
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ffruru lUi ~ l.ul'i '11ffUft1\1 ~ tl m~'VlJ ~ 'V l1J ij'Hff'U IVU nll-hu ff -:I'lfi'! ~ ~ -Hn ulmm (Single 
u u " 

mode fiber) 1I,,~m ~ \l1U l1Jrihf'U~~l-:1"1 ~mji~lfli'V'Iil V 1'U~1~1.I'ti"ff\ldh 11ffl'il'Vn~ 1'Uu~,,~ 
" " 

1'l1'U~ ':lim ilt)'U O'Wi1-:11rl'U~11.1'Vfl~111'l111-:l~'VQ'II'V-:I1'l1'U~~l-:1"1 fll'jri -:I.utl J,!"\l1fl1 'l1'U~ j 'tJu~ 

lmJ~ K \I~\lf)l.u1'j11ffO'1J'lj'tlJ,!"'IIt1~1'l1'U~ j tl1'l1i1.l1flitl'\ilu~n~1'Ul'U~1t1.lim'jtld n 'j1U 

l'j 1ff11J1'j m:U V'U fflJfll'j 'IIt1~ mt1.lifln ~~'l1lJ~1'UlflitI'Ii 1U,~~~if 
" 

'" 
z.(t) = 'Ir(t).s.(t-rn> 

1=-00 

1 T 
z\ (I) = - Jr(/)C. (t)dl (2.1) 

Tc 0 

. 
v " "6) "0 qq "v qQ cI

2.3 tfqJqJ1W'iU01'U l'Ultf'U U'JU01'U1Utf.J'YIlJm'iI'll1'i'l1tfUUU"II~lt)lJlt) 

1 'U ~if \I~ m; nt1 ~ ffruru lUi 'j 1.Ifl1'U (Noise) ~ntJlhl'l~~1'U i1.l'll tI~1 ff'U 1uI1 n1'U 111 ff ~ 
u u " 

ffruru1U1 'j 1.Ifl1'U'il~ ijmhlf)~'VIflnC\1~'U tI UO'1.lfftll'U ~II"~ ff.fll'VHl1~fttllJ 1'U 'j ~ 1.11.1 ~tl ffn ~1'li'U O''U 
u u 'U Cl q cu 

,:li ff1lJl'i tl 'l11lfl~'U 'ill fl ffruru1U1 'j 1.Ifl1'U'~ ffruru lUi 'j Ufll"Ulrl'Ul lJ'U ~ ~~"r tI~thiht1~tl1'l1 i 1.1 
u u u u 

tJ'j ~ ff'YIi f11'Yl'lltl~lfIt tI~ i 1.11 'U n;1.I1.I~tI ff1 'j ~1'U1'U fftyty1U1 'j 1.Ifl1'U~ln~~'U 1'U~11flttl~i1.l~~ 

llJ'U il'il'l1V~'U!l'U ~~llJ'U~1 ill 'l1'U~fl11lJff1lJl'i tl'lltl-:llflttI~i1.1 1'U111.utid'il~ flri11t1~ fftyty1U1 

'j 1.Ifl1mY1'1J~ln~~'U1'Ulff'U1VUnll.11l1ff~ .. 
... OJ 

2.3.1 'W'U91'U'Il6.JtfqJqJ1W'iU01'U 

ffty ty lUi 'j 1.Ifl1"Ul1J'U ~ -:I~' :li"rtl~fll'j 1m ~1.I1.I~tIffl'i ~~llJ'U~1'j1.lfl1'UII"~'j~1.11.I 

U" ~ U~lt1'U ~1 "~'YItI 'U 'j 1Vtl~ IOV~'Il tI~.u'V lJ" 'j ~ 'l1':h ~fll'j ~'V ffl'i ~1U ffruru 1UI 'j 1.Ifl1'U ~l n~~'U ~ 
" u u.. 

'YI1-:1~1'Ui1.lff11J1HIUti~'VtlflllJ'U 2 tJ'j ~lfl'YI1my~~ii 

I.fftyty1U1 'j 1.1 fl1'U v'U'VIiwlifl (Intrinsic noise) ln~\l1m.j" 'YI1~ fll U.fIl'Yl ~'U i1'U1'U ~1 

'f.J1Jmw'VtlvJl"rVl~flmtlUflffll"~fJ1JmwVI~f)mtlUf)ff~tlg.fllu1'UlfIttl~i1.l 

2. fftyqj1U1 'jUf)1'Ul~tllJ,;hlJ (Coupled noise) ln~'il1f)tJun~U1'j ~'l1':h~1-:1\1'j 0'1.1 

'.J} 4 Q.I 

fffl11~111~tl'VlJ'Iltl-:llfl'i tI~'j 1.1 

d '1 Q,I " Q.I d d " ..o=t. d .1::),.1(Thermal noise) 'YItI~ 'Ufl1f11'U'YI1'U fftyty1U1'j1.lfl1'U'lftlfl'UtlUff (Shot noise) 'YI1-:1t1IC1f)mtl'Uflff 

II"~ ffruru 1UI 'j 1.1 fl 1 'U I~~ f111lJ ~ tI'U 1 'U ~1m 1'U ~hl'lftl -{ II" ~ ffruru lUi 'j 1.1 f) l'UU1.I'lJeitl fl'llU ~ 
u u u u 

f11t1'U ~lJ1'U ~11 vJl f1-~l'VIflIfltI-{ ffruru lUi 'j 1.Ifl1'U ..f~l1lJ~~f)ri 111J1 \I~ tl f)'Yl1.l1'Ulflttl~ i 1.I'VI1~11 ff~ 
u u " . .. 

o Q,I Q,I 4'..:::to .<:::to " Q,I <l::I Clo a Go' 

ff111 'j 'IJ ff qj ty 1UI 'j 1.1 f) 1'Ul'lftllJ'i 1lJ 'il~ Ifl~ \11 f) II ff ~tI 1 'YI fI U 'j ~ fffl tl fflJ fl 'l1 'j tl fll 'j 'j 1.1 fl 1'U \11 f) 'If'U 
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li'j'j Ul filii ~tl U1 n ~ n11'11'1 uri ,HYUlUIltu lilt ri.:l ~ lU i yJ l~ 'U"'U ffUi U1ltu 'i li n1'U ifll::Cl~ 
" u u u u 

'lh ::ff't1iftl'W'\Itl.:llfl~tl.:li'li 1'U1UUlili'\ltl.:l nn U't1''i nfftl~ltitlnl'i' '\I1um n (Cross talk) ~1.:1ll'i 
<d ~ eS QI 

" 'QID QI .aI • ."..d .a d Q I 

lll'U 1'UffUiUlltu 'i lin1'U l'lftl:u 'i 1:U 't1ln~'\I'U 't1lfl'i tl.:l'i li 11:: '\I 'U tl UnmllUlt 'U.:I't1 Hn1U.fIlfl UCl:: n n 
u u " 

, . "" 
1H1.:1ll'i'\ltl.:llflitl.:li'li fiih'lCl~tlff'U1:UIlUl11~ n1yJ-rh ~.:I,:r'U 1 'Unn tltlnlL1Jlilfl itl.:li'li'il::~tl.:lVi1 

nniltl.:ln'U1..r~ ffUiUllUl'ilin1'Ul~tl:U~1:uii~mrtlU:UlnlrlmfiulinliffUiUllUl'ilin1'Ufl'U't11'U'lfn 
u u u u • . . 

u ~ oIlS u 

2.3.2 tnyqpOl'mn1'U't1lmtH'm't1HIli.f..J 

Ulili~ 1Cl tl.:llfl ~ tl.:li'li't1 HUff.:l ffty ty lUI ~i'lil~ l:U lUCl:: tl.:lflU'i:: n tlli 't1HU ff.:l~ H"1 

l~l:lJl~lyJlF1~l't1fllFltl{ ~tl'illm.f'U'il::l~l1u~ ftlfl'\lU1U1'U1 UUlili'\ltl.:l ff'tyty lUll~.:Il ff'U ~.fIlfl~:utl 
" .

~lCllFi tl {,:r'U ffUI U11Ul 'il:: t:l n'\l Ul Ull Cl:: ti'U 'i U ffUi U1l UI mili:lJll rJ 'U ffUi U1l UI ~ tl:u Clfi ri.:l:Ul 'illn 
... uu lU "UU uu cu 

Pholodelcx;tor 

Optical I-~--~:'
 

Background -\_(\) -L.- I
 
linear
I ')_'~~_~~~. _ ___ __1__De_rn_O_du_'3_lo_r--~ _ ,:=.: 

Reccived ~ ,- I
 
Sl,nal '" f '. i '--'- !
 

RecoveR!d 

InlOrmatton 

" 
fftytylUl'ilin1'Uli.:l 6 ,,1U'i::¢i1U Quantum shot noise, Optical excess noise, Optical 

background noise, Photodetector dark current noise, Photodetector excess noise UCl:: Electronic 

noise 1~u~1 'U .:Il'U111U1l'Uuif'il:: mh 1~.:I ffUi U11Ul 'i li n1'U ~ ln~'ill nffUi UI lUI 'i Und'U 't1l.:lfl1l:uftl'U 
u u u u 

"'.. '1 ~ U .,. d' ~ 1..11 .. " .. 1 ~ 91d'.,. 0: 91 d'
C)j'.:I:utl~ 'UFl1'Q n'iUltlmnmtl'UnffUn::,11 n f1~l't1fllfltl'i Un:: U't1'UtlUff (Beat noise) 'Ult1'\1tl 
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.... .. ...
 
2.3.2.] UqJqJ1W":ilJfll'UI'If-3fllUI"H)'U 

Q,I Q iJ daa "001 r/001
ffUl Ul1 W:i 11fnlU'lFlfll1)J'.j fllJ 11:i fll:i [Jflflflfl[JH11 ffUl Ul1UU 11 fnlJ 'lfll1lJ fflJ 

u u u u 

(Johson noise) lrllJ~m'Ufl.:lm:ilU~[JlJII'lJ(1.:1fll111!fllJhmn.h:~fl~lJl'n..fllJfil,;'llJmlJ ff111i'11 

lfl~fl.:l i'11'l: ii ffUlUl1W:i 11 flllJ lllJ11Ufl cill1fl fl ~lJ l'n..f1): iim:i lfl ~fllJ ~ 111111ffll1lJ fil,;'llJ mlJ 
u u 'U .. 

i .:Il111~~~W 111Ji11J1 flfl11 fJU 6 ~llJ 1lJfln lfl~fllJ~1):lrllJ1lJ ~ U111111f1.:1 nilJ 'Ufl.:l~W111J i1'Ufl.:l~h 

~llJmlJ fl1l11l1lJlulllJl;.:IfflUfl~i'll (Power spectrum density) ffll1i'11fftytylW:i11fl1lJl'i.:l 

fl1l11!fllUrlm11 l'1'Ufl-3 white· noise ffll1i'11fl1l11~~ff -3~lJ h/1)lJ il.:lfl1l11~f)lJ-nm~ !l(1:
'U 

fftytylWmfnlJl;.:Ifl1111!fllUlIlJ~m:nflfl1:iff:ffmm'Ufl.:l~llJ1lJU:i::~u~m;fi1~lfl~tJlJ~4.:1,j'lJ 

1):Uff~.:Iffii~U11111mff ffll1i'1Jfilm.:l~lJm~[J~ln~1)lflfi1,;'llJmlJ R ~lrllJ~(1~lJl~llflfftytylW 

mfnlJl'i.:lfl1l11!fllJ1):ii~uU1111~.:Iffllm:i~ 2.2 

v = -J4kTBR (Volts rms) (2.2) 
n 

A A I a 
lllfl k flflfllflHl Boltzmann 

T fttJ~Wl11JmlJl11l1[J oK 

B fttJ 1111lJ~1~l'11lJl1'Il1[J Hz 

ffUlUllW:i 11 fl1lJl;.:Ifl1l11!fllJ 1)::; ln~~u 1lJfi1flU m Wf)l~flVl:i m1 flff~ iifi1,;'llJ VlllJ 
u u •

" . . . 
U:i::; flfl11tJQli.:Il111~~ .:I,j'lJ1)::; m: 'l1[Jl'Hl.:l.:l llJ 11 ~1)::; 1lhn~ti11fi1,;'llJVllU ii iim:i IU~ [JlJllU(1.:11;.:1 

11m 1l(1::1)::;ln~ml'n:~umWll111111flflii-n1l11JlJ 

* 
c 

) 

iV ~ v ~1-''''''''' •2.3.2.2 UWW1W":ilJfl1'Ul'lf-3fl1UI":if)W" n IVI~l'nflIVlf)":i 
u u 

ffUlUllW:i 11fl1lU;.:Ifl1l11!fllJfl cillJflU m w~llIlJ f)l~ flVl:i flU fl1Yi.:ll111~ ~.:I 
u u 'U .. 

,j'fl'l:flQllJ ~ Ufi1,;'llJ VlllJ ~.:IJlJ i.:liifftytylW :i11fl1lU;.:Ifl1l11!fllUn~~lJ~fi1,;'llJVlllJ~flQ 
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1l1u1'U~11 'I'll,j'~I'VIfllflfl{~'HJ llff~.:J 1~u~1fi'Hnl1'Wlluu'U'lHW R" WJ1lJfi'nnnUllUlJ 

U'4 f1'HI Rs ffqjqj1W';i Uf11'U ~fflJ-n'U1iou~~,j'l'U 'VIl'UllHhci'ffUJl'Hlllff~.:J'I1Uft::l6U~liJ'U 

ffqjqj1W';iUf11'Uli.:Jm::Uff1'U pJuuml'U1'U R, 11ft:: ffqjqj1W ';iU f11'Uli.:JU';i .:Jfi'U l'U ~'I.llluUfl'4mlJ 

Rs fi.:J1'U~'I.l~ 2.4 

~ "" 71 dl-.I171'" "'" f./ft"lfl.:Jffqjqj1WHJf11'U1'l1.:Jfl11)J';j U'U 'VI n f1~l'V1fllflfl';i 'il::lJf./ftm ::'VIUlJ1'il1f1f11';i 

~fll 'I'll ,j'~l'V1fllflfl{mjHh 1'U ~1 ht1 9l''1~ 1flfl ~1,j' 1'U 'VIl'UU UU'U'U1'Ufifl~1,;'1'U 'VIl'U ~l nfl'il1 f1 

, Q,1 " '%4. • .-:$ GI .d Q,I tlQ,1 .QQ,1 Q,I 

';i UUflfllm::f11f1TU 'VIl'UllUU'U lJfl11J1f1 'If .:Jfl1'V1fflJ'Vl'U Ti f1U ffqjqj1W ';i Uf11'Ul'l1.:J m::ll ffff1)J1';i 0 

iJfl.:JO'U1~ ti1l1 rU~1,j'1'U 'VIl'UllUUfl'U mlJfifl~1,j'1'U 'VI1'U ~ln~'il1 f1l1U'lffm'iff'Ufl.:Jffl'i ~.:J~1'..il. 
I I • " 

Uft::liJ'U ~1,j'1'U 'VIl'UllUUfl'4 m lJfiln~fi~f1~Uff1U1'I'lll ft:: ~~I;fl1J 1u1.:J 'il';i ~1,j'1'U'VI1'U UuuiHifi1 

U'VUf111 10 lm1lJ l'U~1 Photoconductor ~1,j'1'U'VIl'UUUU'U'U1'U'il::Uf11';i';i1lJ~10'U'UU.:Jfl1fffl111J 

til ~1l1 ftfllm::fi 1f11';i 111'Vlft.:J.:J1'UUff.:J 1l1'1'l.l~U'U fi 1fl11 lJ111'IJfl.:J ffl ';i rl.:J~ 1 Uft::fl11lJ til"qj~fl f11 ';i 
" ,

ffUUff'4 'U 'I.l ';i:: ff'VIn 1l1'Vl ffqjqj1W ';i Uf11'U ti1l1rU~1,j'1'U 'VI1'U UUUfl'4 f1 ';i lJU'Ufl11lJ,j'1'U 'VIl'U filn~ 
." . 

'il1f1l1U'1fflJ fiff1~ V111 '1 'I.luft'1'il::O f1~~Vi.:J ~1,j'1'U 'VIl'UUUUfl'U m 1Jfill1 ftfl 'il:: ft~U' flUft.:J 1'U fi1fl11lJ. 
, " 

~ 

" " 
111 ViIl1 ftV fi1fl11 lJ11111.:Jl1 lJ~'lJfl.:J~ 1111'Vlft.:JUff .:J;j'U fl~OU ~ 1'U 1'U'U fl.:Jfl11 lJff1H fi.:JU'U ~1'U1'U 

Q,I .clt. '" d • Q,I ,,, " 'Ufl.:J ffWW1W ';i Uf11'U I'll'.:Jfl11)J';j fl'U 'il:: 'IJ'U flV f1Ufl11 lJ ff11.:J~1U 
u u ~ 

I ... 

2.4 1'n1'l1Nt1t1tul1t11U'I1tl.:JiYtytyltu ( Inter-modulation Distortion Noise) 

Irlflffqjqj1W U'U'YjflUl1 ftlV'lifl.:Jffqjqj1W)J1 'VIHff1Uff .:Jffqjqj1WI~U10'U f.i1'U '1 'I.l il.:J~'I.lm W 

'I.l';i::lfl'VIUflflfivJ (Active Device) f./ft~flffWW1Wlmhiffiflln~f11';iflwn'U'lJfl.:JffWW1W( Beat)
u u 'U u U 

" . 
[9] ~::U'U ffWW1W';i 11Jfim1~'Vlfl'Ufl.:Jfl'l.lm Wllflfl fivJ~.:Jlll'Uf./ft';i 1lJ'Ufl.:JffWW1W 'il1f1'Vl 'il'U1vJfI';i.:J

U U 'I 'I U U 

f/Q,I 0 Q.I.d .d d'Q.I.d 

'Vl'il'Uffqjqj1W';i1lJf11M'VIl1'U.:J (First Order), 'Vl'il'Ufftyqj1W';iUf11'U'VIfffl.:J ( Composite Second 
"Q,I.d Q,I ~0 

Order) , 'Vl'il'Uffqjty1W';iUf11'U'VIff1lJ ( Composite Triple Beat) llft::f11ft.:Jfl'U"l 

. . " 
i'l.ln 2.5 f./ftf11n1lJl1ft1V'lffl.:Jffqjty1W vh 1l1'ln~I'VJ'jlJU'U"l;j'U 
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p(t) = Po lJ+mcosaz+C2(mcosaz/ +C3(mcosaz/ J 

, 1 2 1 3 ]
p(t) = P 1+ mcosaz+-C2m cos2az+-C3m cos3az+ ... (2.3) 

o [ 2 2 

lllflffllf)1'j (2.3) IntJUVflfhtllJ1.h :::ff'YI itJtJ flll l~1l1'HlJ 1'\J'U lfitlUJUJltll hu'm 1I~ 
" " 

ij 3 fI1lll~~H"l 'l:::'~flltllJ'lh:::ff'YIi~11l'YIqllD~i1fltlliJ~~.nT'U 

, 
<'I 

tlllUO 
v
inytlPN 

o v 
flli1-3 

2m] ,2m
2 

]
-C m 
2 2 

lC2m4 
8 2 

m]±m2 
C

2
m i C2 m 4 

2 2 

3m] ,3m
2 

]
-C m 
4 3 

~C2m4 
32 3 

2m] +m
2 

,m]±2m
2 

]
-C m 
3 3 

L C2m4 
32 3 

I1lflfl1lll~~ 2m UeI::: 2m Ill'Ufl1lll~8l111ijfltf~fftJ.:.J~.:.JUOUfl1lll~tlUliHlllfl] 2 .. 

f11lll~6'Ul'j~~rl'tl-:Jfllmel:::ffllll'Hlm tJ-:Jtltlfl hn~1f1V~ltl UeI:::~ m] ±m2 Ii Vfl1ll1J'U'n1lt! 

tlUJUJ1W'j1l1tilcl.:.J~fftJ-:J UeI::: 2m +m ,m +2m Ii tlfl1l11J'U 'n11t!tlUJUJltll ':i 111tilcl.:.J~fflll
" " ]]2 2 " " 

tlUJUJ1Whl'mlidll:::tJU'fl~11i tJl1UO'U OUUOUfI1llJ~11 clflU eI::: i liffllJ1 ':i om tl-:JtJtJfl i tJM ~ -:JIll'U
" " .. 

tlUJUJ1W'j U fl1'U1T'UltJ.:.J tJUN' 'j ~mll 1'U1'm lI~V'U~Uff .:.Jfl',hd11::: Ill'U iJUJl1ldtJ.:.J tlUJUJ1W 1'Ul'YI'j 1I 
uu 'U u uu 

de:: Q,I QJ Q.d o'QJ'd I 0 

fl'U'U W.:.J U~ 11::: ll1'U 1l'\J'U lfl'\Jtl.:.J ffUJUJl tIIUeI::: fllM 11::: elfl eI.:.J 11 'U ffllJ1'j t:I 'n 'I l'i till 'YI'n 11 'U ffUJ UJ 1til 
u u u u 

'j 111tilcl.:.JffllltlUl-:JI~V1'~ 

'1'U'Yil'UtJ.:.Jl~tl10'U1'm lI'\JtJ.:.Jfll'i Iflflfll'jf.]W OUI'm lIt'U"l 1'U'n11t!tltytylW'j 111tilcl-:J~fflll 

3 f1f.:.J '~~'lfiifll'jlltJ~lelfllll'U m 
J 1'n'jl:::'il:::J'U'1'UI'mllm:::Uff'\Jtl.:.JV'U~u~ 3 (i

3rd 
) Ill'U 
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i3rd = / Oa3m3cosaJt 

= /oa
3

cos2iCif; + f + Jk)t (2.4)i3rd 3m 
j 

I~tl 
3 

IrJ'UfflJtln:iY'YIifilfl'l~'Utl,Hj'U~1J~ffUJ ~llJ'Ii'tlfhl1'U~'Utl'llm9ftlf'l~ itl~lHl::Q 

'~fil~'1'Utl'U)'U~1J~ffllJ ( P3rd ) lrJ'U~'U 

. . 
o d~ cv Qlcvd Icv 

1l1'U1'Ulm lJ'YIlf1~1l1nfll'jfltUn'U'Utl'ltJ'U~1J'YI 3 l'YIlfl1J.. 

2 
3(N -2N+l) 

vc= (2.6) 
8 

(2.7) 

8 

.. 
4 4_.IQ. Q.4 CS' d

2.5 jli1nn6lun'U"IJ~'U6t1lJ (Relative Intensity Noise, RIN) 

Uff '111 lflltlI9fDf'lfl i tlfl1JriDUtltlfl:JJll't1'UU1J1J~:JJ i'llll'U fftytyltU nJ m'U i flUTi'j 'j :JJ'Ill~~ 

Ufffl,lf)l~'1tJtlfllJl 1Hz l'iU1J01Jfilfh~'1m~UUff'l iflutlfl~H"'11m9fD1~ntltUtll'Vl~1'li'U DFB 

rhtln:lJltU-160 dB/Hz l1iD'~fh~'1'j1lJl~tl~H()1JfI11lJfl1HfI11:JJ~Hil::;m:::Hffml~'Vl~.. . 
2 

d<P. 
RJN = 1010CT _---.JlL (2.80/0 

dF 

RlN ftD fftytyltU 'j1Jm'U1m'il'l'UD.:Jwl9fD{ (dB / Hz) 

Ffn fttl fh~.:JfftytylW'j1Jfl1'U'YIl.:JD'U11~ (w) 

p fttl fh~.:Jlm9fD1 (w) 
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= (RlN)lOB (2.9PRiN 
2 

,,~ 

2.6 fll"1l"'0-111tn£lflH 

".e:t ~.l £:t" ". 1.d
fll':il1Jlfl~lHllfJ'YI1~(Multiple Access) lflfl1J'\.Hllflt/f11UJ~tl~fllj 1Jtl~rjff~lIlflfl1ll1'U~fl'U 

~'U hJU~lfl1tl~i'lJ1flrtl~1~fJ1 11m:fln )jCl~l'YH\fl9f(Multiplexing) fftyqpW fI 111YifJ1J1~mi ~ hJ1'U 

~1flCl H1~fJ1O'U J'U ffruru lW 'i)::;fIflU,j~~1U~l'U 1'Uf11lt/g1Jtl~'litl~ffruUIlW U,j~1l'l'U ff~tl~l1m 
u u 'U U U 

l1i tl 'i)::; fI flU,j~ll'l'U j '11ff'litl~ ffru rulW 
~ u u 

ill fln )jCl~l'ytClfl9f1'll~u'Uu'll Cl~'litl~ ffruru lW1'1i'U1~U1 om~'1 eiflJi'fln 'litl~ ffruru ltU 'i)::;f1 fl 
u U 'U 'U 

t1ll1'Ufll1itlff~H~'Ul~tl1M'lJi'fllj U~'i)::;~HlJi'fllj (Fixed assignment multiple access) tlfh~ h n 
~ It/1m::; lJlJ i fl j ~';lfJfln ~tlffn ~1'Ufl111YifJt/'i)::;n'litl~ffruru lWU'tlun-hrneiflJi' fln i flU~ 

u u ~ 

I Q,I .a "4 1VV1"~ ilc. d" ."0 0
'lftl~ffrurulWfftlffnflflffj HMjflflll1'UfI l1 ~ 'lfm fllmn'n::;~mfllj'YI'ytjtlt/'YIlfllj ff~1Jflt/Cl 

u u 'U 'U 'U "U 

';l1ffn iflUfln)jCl~1'ytClfl9f'lifl~fftytylW1l'l'UUlJlJf11lt/g , l1ifl'i)::;ll'l'U(FDMA) 11m (TDMA) 

I Q "e1 " d 4Cl
(CDMA) U~1'U1'Y1Ul'U'yt'Uli'U'i)::;ff'U1'i)fln11Jlfl~l1mU'YIHUlJlJffCltl~fl::;imn ( Stotted-Aloha ) 

." . 
fllmjl(i~Yimil1l1lij'i)::;nfJW~fll;/tU::;Yifflt/nm.il ''llH'~OlJfln 1M'lJifllHh~"l ,~ 1'1i'U real-

time/non-reaHime l1ifl ContinuouslPacket transmission ll'lmi''U ~~fln L;hU~UlJlJff~fl~tl::; iCl 

'~QI"'i ..; '" i e:~ 1/.ct •~n"::;flCll1f1~l111Jtl~fl 'll 1m::;L'Ufl~lllflffClfl~tl::; mJl'ULU'U fllj L1JlmUlJlJ"!t/ ( Random access 

Q,I d cv £:t 

~1f111L'Y1fJt/fllJffm'Ujl'UlIlfl 

Ad 12.6.1 11m::; tn'll 

in fln l,jlU~UlJlJifi~~fl1Jl'i)lm::;lJlJfl::;i mn 91~Ll'l'Ui flH';lfJfln ~flffn ~ 

i~'Ul~'UiflUt/l1li'YIfJl~UUl.j~0111fJLm::; '~'\.illll 1cjfLl'l'Uflf~uj fl1'Utl fl.fl. 1971 1'U'lh~L~1Jfi''U 
" I • , 

j::;lJlJijHfl~'Ui'YIQ1'UU1'U UHF 1'Ufln~fI~tliYflffln::;l1'h~flflt/vht~fl{9f~flQlJ'ULfll::;~1~"lOlJ 

flflt/"'11~tl {l1 ~fl1J fl~1Jlfli'YI Ul~fJ i flU 1cjfin fln L,jlU~U lJ lJ qt/91~1~ fJfl'h in fllj 1,jl(i~ i flfJ 

ilifl::; iClOl 
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t(Sec) 
Collision Retransmission 

____I...;;!__A__!~I ~. t(Sec) 

to 
I~ 

Vulnerable period
 

For pure ALOHA
 

o :Packet or Cell 

" .
Ull1f11UJfi~'Uv-3nm: i'Hntl~ltJ:IJln ~-3uff~-31m'\.Hi 2.6 ~1.u\1::ihnl'HY-3.,jl1ffl'.i'~.. .. 

QI d dod I • "'" 'I QI ~ d 'dl'111l'1l'1nmnmJ'Ul1ffl'.i \1:: ff-3 r-l 1'1f'il::ff-3~Jl1ffl'i 111C1 nllru::11.111U'Ylnm~ i~tJu'I C1::U'Ylmn'l\1::on... ..
 
1~ l'.i 'Ifff~ 'i 111f11l:U ~~'Yl C1l~ 1m:: millVW~~H\11n~1 iH~ C1:: 'i ltJ ffl:lJl 'i o~ \1dh nl'.i ff -3.ul1ffl'i.. 
IrlV 1~ ~,~ ~-3,flli-3f)l\1\1:::~m'i ~ll nm ::111Nurl mn~ '~l'JnI1C1l lrlvnl'.i ff-3Hflmn'liinl'.i 

" .
iV1ll11.1nll'UV-3I1C1l;ill ~-3UfffN 111nHi 2.7.. 

" .
~-3,r1l11 ft-3\1l nn'~ihnl'.i ff -3uflmn~u~lmoH'fi'V-3l'i lnl'.i 'i mflWJfl-3l1C1l1l1lnmilmll-3.. 

l1C1l111m'i1~1ll'1NhJuC1::nftmJf)-3f1~1l1~V'ivfmYqjqjlru ACK ( Acknowledgment) \1lnl'1H 

. " fl'lll f 1.1 ti'll'1Hfl'III ff -3 hi'fl'f1.1 ACK \11 nl'1Hfl'lll f 1.1 \1:: ff'i tJ 11 nl'.i ff -3url nm~,rll hi1flll 

HC1 ,h1~ \1 1m:: \1:: iim ::'\.J111nn 111nl'.i ff -3cil i ~tJ\1::ihnn rnll-3I1C11Hl.I'lJ ~lJfivw~v 11 ~ m~tJ-3 
~ d "" 

m'i'Jfllnll'UV-3U'Ylmn~vn 

ff:U ~~ 1ll'J n1Ifl n1n~ ii flll:U tJ11~ 1flll:U 1~ 'i i III UC1::11,jC1::11fl n1n~ fi'v -3 n1'i ,(1-311"1 TP 

ll1lnll \1::H111nnff-3uflmn~ \1ln~tJ~ 2.6 filll'.irulnl'.iff-3uflmn~ A <i1-31~:ufi'll~I1C1l to mw 
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~ f)lllll:::tfl~ fll'j 'lSll flll'U f)'111 Y1fUfl~411 i"1flD n~1.y'j lV~ll ~ 'ri lfll'j ri 'III Y1fU fl~ B 1mh'll1f1l 
" 

, d 1 ... 1 d ~ Q.I .;." d ~ del 
'j:::111H to -Tp ('1'1 to ~VuCllV'UD'IIIl'lfllfl" B lI:::'lSllfl1J~~I'j)J~ll'UD'IIIl'lfllfl~ A 'If'lfl'iWllll::: 

In~411'fi'lrlD'Ih'lI1Cll111 fll'j 1~1l'Yll'l'UD'IfI~llV1111111 1I11~1.y~'rilfln ri '111Y1fl1fl~ A ,,jffl)Jl'j('l.. 
d ", " I c:l , ".::. J "1 0 d JJ "1" A';'" ,Q,I 0'YIl1:::! ~11fll'jff'llll'lfllfl~ B ~1'j)J'UllIICl1 1l'YllllD'II~V1flllfllFj 'IS'jlVf)lll'j)J~ll'Yllfll'jff'l 

d ., d ~"d d Q,I_'
lIl'lfllfl" C 'j:::111H'lS1'1I1Cll to ('1'1 to +Tp ~~I'j)J~ll'UD'IIIl'lfllfl~ C flll:::'lSll fl1J~~ufllV'Uf)'1 

d d. e: d" d A d rvd AQ.I 

1Il'l flIfl" A 1I1fl'YI flCl11)Jl II 11::: 111 II1 1'lS1'1I1Cll'YItll 11 11::: Ifl~fll'j'lSll flll'U f)'1I1l'l flIfl~ A fl1JlIl'lfli fl~Dll 

lI:::nflllrlll 2 Tp eJ'Ilrlll 2 !'Vii 'OD'I'Ih'lI1Cll~H111fll'jri'lllY1fl1fl~ ~1111fl'hnllY1fl1fl~ 2 lIY1fl1fl~ 
A "00' Q.I ". d d" ,d A A ~ ~ ", " 
Ifl~ fll'j 'lfD II 'YI1J flU II)J II ~ Il'l V'll Cl flU f) VII ~ Cl::: 1Il'l fllfl~ 11::: Ifl~f111)J fl~ l'l Cll~ 'UU 'If '111:::! ~'Y1 1'1 

fi'lUi'1J 1~vm 111111flii,,~nll ffD1JfI11)J~~l'lCll~'Uf)'1I1~Cl:::IIY1 flI fl" IICl:::'YIHfi'lU i'1J1I::: ',j'ril fll'j 

ri'l ACK ffll1 i'1JI1Y1 flIfl"~ln~fll'j'lSll flU ri''1JUIIY1fllfl~~ln~fll'j'lSU flU lI:::~D'I'ril fll'j ri '1Jl't'l fl 

c:l 
lIl'lmfl~ 

~D)Jlfhl1U~ 1M' S IrlUfllfl11'tYVffl)Jl'j('l'UD'I'lfD.:J'tYrurulW ~'1UVl)J 1~V~11l1UI\l~V'UD.:J 

lIY1fl1fl~~ri.:Jffll~lI~D'Ih'll1f1l Tp ri'.:JJll~lff)J1J~11n~1~,j~lfl~IICl:::1M'G Irlufllmlvl~fl 
. , " 

111ClA 9f.:JUV1)J 1~V~11l111'UD.:Jfl11)Jl'lV1Vl)Jri.:JlIY1fllfl~~D'Ih.:JI1Cll Tp 9f.:J 11::: n)Jl1.:J fll HY.:J 

1lY1 fUfl" 111,j1lCl::: fl11 ri.:J1I Y1fU fl~1 OlJl ri11111lhv)Jlm! lU1U fl11' 11 Cl'U D.:J'YI nvl~ fl MiD 

rig,! ~ ~ A Q.I q rI rI 

IDD'jCl.:J 'If.:J".:J~ 1)J'lSf)'Uf).:J A.K.Erlang II flflW "ftl ff"'j'lSl1l~U)Jl'jfl 

. " 
1uliii11::: 'ri 1fll'jU Vl)Jfll1Df){~.:J 1~V'rilfll'j Ilti.:J'lf1.:J nCll'U f).:J'lif).:J 'tYtyty lW f)f) fllrlU'li1.:J"l 'lf1.:J 

" 
Cl::: Tp 1Ulli IICl:::1M'fln'l1Cl'Uf).:Jmlvl~flI lIY1fl1fl"~f)l1f1l Tp nfll I 1Df){~.:J 1~VUV1)JUll::: 

IMU1lfh S ',j ffl)Jl'j ('I~lI::: nfl 1)Jlflfl11 I 1Df){~.:J' fi' 1 AVU'j lft1l1 flfln 'lSU flllllCl::: fl 11'tYV 

d 4 d d," old'" do Q.I~Jj/ d 

ffl)Jl'j('lll:::)J'UD1JI'U"f1f) 0 < S <] 'If.:JlI:::I'l1U11fll G )JfllUf)V lI:::)Jfll'j'lSUfllllfl~'UUllf)VIlCl:::)J 

" " . 
fll'jri.:J9fnj'f)V ri'.:JUu S ;= G limlvl~fl1rmJ"l 

ff1U 1U fl'j ru ~ n 'YI 'j 1vl~ fl)Jl fl 011:::1 n~fll1'lSU flll)Jl flll Cl::: nflCl'ri 11M'fll'j ff.:JJlI'~)J4u 
" . 

ri'.:JUUlI::: , fi'11 S << G IICl::: S nfllCl~Cl.:Jlif)VlIlllriu 0 

1~f)~lI:::'rilfll'jfilU1Wfl11'tYVffl)Jl'j('l S ~.:Jlrlul'1.:Jniu'Uf).:Jmlvl~fl111Cl~ G lI:::'rilfll'j 

ff)J1J~11nfl11)J1111l:::lrlu~1IY1 flIfl"~ 111111 k 1IY1 flIfl"":::~flffi' 1'1 fllV1II 'lh.:J11Clll'Yi lfl1Jfl11)JVl1 

11 dc:l rlrv " • d r
1 lIl'lfllfl" lI1flfll'jfl'i:::lI1VII1J1J 1ff'lS1'1ff)'1 (Poisson Distribution) ~1VfllI\lCl[J G IIl'WIfl""f) 

c:l ," ,fI11)JVl1 1 lIl'lfllfl"lI::: ~11 

P(k)=G*e--G (2.10)
k! 
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S =GPo (2.11 ) 

l~ijl'niitll]J p 0 dhJthfl1l]Jl.h'l::dhJ~'l:: 11hn'itf)l'j'll'u ~~nfiij fhfl1l]Jl1l'l::lt1U~'l:: 
" . " 

hHMl ~'j 1tlhl'vil nn ri ~l1ffmn~~u mlu ,r'Hncn'Viij l'l'l::di'itf)l'j 'Il'UllUW ~ 'llnff]Jf)l'j..
 . 
(2.1 Hi~'jll'il~tI'\Jij~f)l'jl~lm'\Jij~l1ffmn~ lu 2 ,rij~ff~ij911t1U 2G 

".
~~llU fI1l]JU1'l::1t1U'Vi'l::'J,j 

. " 
ihl'wmn~ou~nri~lWJh~rHniHitl 

Po=e -2G (2.12) 

S =Ge -2G (2.13) 

G =0.5 (2.14) 

S = 0.5e (2.15) 

9f~ijril'l.h ::]J1W 0.184 cit ~l1]Jltlfl1l]J111h:: ff'VIlIm'Vliuf)l'j li'lfij~fftytylW "!~1f'fl'\Jtl~ 
" 

nf)l'jI~lO~ 1'fltinij::1~gl'l::ijril1'~tI~ 18% l'fltllh::mwl'vhuu 

cit ~'fll]J ~ 1~ n ci 11]J lU~1'l ::ll'tu11'VI 'j 1'Vl nn1m,'fl G Itlmnn 1]J'\J ij 'I 'VI 'j l-wnn'\J ij~ 
." I'" ." 

1fl'j~.,j ltl9f~'j1]J'Yi~lIl1mn'fl'Vi()nff~l~~U il1 J,juel::u~mn'fllril'Vililnn ri~9il.. 

q.ct cI oCi' 

2.6.2 11itrt\6A6:: It\~l 

l~ij~ 'l::l~]J'Ih::ff'VIn m'Vl'Jij~1nf)l'j 1~ lO~ 1'fltl1ntl::1~ gl ~~Ju n nl'j l~lO~ 
" " 

1'fltlin ff~ij'flij:: 1Mli~ 1~()ni\P.lllJl~u 1'fltl iU1nij,h~l1cn iu nl'j ri ~'l ::()nll,j~ijtlmtlu ff~tl'fl.. .. 
l1elll 'fltl~l1~~:: ff~ij'fll1cn'l::ijfl1l:JJtl11I'vhn1Jfl1l:JJtll1'\JijWll'elcl 11 ~::m ~.vf~l1]J'fl'l::'Yhnu..

". . 
fftl'flfl tl'tl~n1J ff~ij'fll1cn1l1ri lU91nh1~1 'fltlnl'j ri~ffUJUJ lWimfYii~1u nl'j ejf ~ 1fl'j 1u9f'llnffmii" .. 

G' ~.4 o'Q "l !V " " tJ .:0 dfl11JfJ:JJ 1U1m~.,j 1tI 'it ~UU1:JJtl1'V1ij'j :JJUtl ~ ~ 'Il'mnl'j ff'j lWll'elel'\Jij~'\Jijlq!el'\Jumn'l::~ nff ~ lu I 
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ft~tI~rHl1t1~ IU ~ll.Ji~ f1l'J til..! lfil-:Jllnl ~D1UU~lflrlf)l ':i 'lil..! nWUD-lI'liil ~ 'il:;;fI~ fj-:J1l1 ~h:llyjl.J~ 

'li1~l1m 1 l'1l'f1~l'yhJl..! uln 2 l'1l'f1fthi1im: l'f1fJl l~[J~i1it1l'H,rlO~ l~tli1itl~tl~t'l:: lMlif 

Htl~~''U~'I.1~ 2.8 

--CJ....~I---+-~I--+----t--+---+_D -t.~ t(Sec)Station 1 . 

_-+----'0_~+,-0--+----11---+--.....-+--, -I.,~t(Sec)Station 2 

ClJZ] =~...._+~I-- .,~t(Sec)Station 3 

r7I .. 
Station M --+--.....-+--+---+----IL..J-........---ll---+--I---+-,-I"~ t(Sec)
 

D Successful cell transmission 

IZI Cell collision 

- ......~ Randonn retransmission delay 

.. " <1:9 J I .e:t ClIo IV d , Q,I QJ 

1'Utl~uln11'li1~11f11'YIt'llult1~t1l':i 2 fl111J'If'U t1l':i 'If'U n'U'lJt'l~llWt1ln~f1~f1~ 1'Y1l ~~'U'U 

thu:;lll'U~u:: ',j1fi~t1l':i'lf'Uti'U'lJtl~llWt1ln~ulnft1Jt1l':i 2.16 u::nfllmll'U 

Po --e~ (2.16) 

S = Ge--G (2.17) 

,J, • • '" '" • ..1:::1 1 Ad" ... 1 Ad cl 1 .1, " 1. " 
'Il'~fllfl11ftl.Jtll1Jl':i()~tl'YInrmn 'I1f1~'lJt'l~11it1l':i1'IJlm ~[J11itlfltl~t'l:; f1fJl'U ~Htl~~ 1 

''U':i'l.1~ 2.9 1~tlu:;llf'U11fllifftltll1Jl':i()iifhtl ~ft~~.. .. . 

G = I (2.18) 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



18 

s =] / e (2.19) 

lf~m.h::1JlW 0.368 ~~ijtillrlU 2 1'YinnHn6:: lMl tY~lfl~':il~til'~~tl~"6~ti11tYU 
~ d 1" 0 d .d ,'d d4 ~.dI I 

ffl1Jl'H1UU 37% "6~llVifllMl'll::ff~ ~ffll'.i'll1U"w::'Yl37% 1Hllhn 9f~flfl6f111lJU1'll::llJU'Yl'll:: 
. ". 

1Ulhrvtfllfl1l1Uff~6~l1ftlliG i:iThlrlU I ,r~uu'II::ii 26% liln~fll'.i'lfU llmnhflu 

~hl'UUflU ~m ly.j~flllfft~~iitilff~1Jlflllil'1 ~lU1U"6~ff~611~':h~llft::ff ~ "hl~ 'II'II::ft~ ft~ 1u.. 
.do ~ ~ I dQ,I 

"W::'Yl'lllU1Ufll'.i 'lfU flU'll:: lVilJ"U6tIH'.i 1~1'.i 1 

nflU l'li'lil~ 1~U11iff~6116:: 1mJ1liu()fl'Ih1Jl1~1u flU ~6ffU1~fflU1ufl'.iw ~tilmh~.. 
nm1ufll'.i ~6 ffU iiti11Jlfl lW 1fI'.i ~,jlU~111liulJlm:: fll'.i ~6ffl'.i~1Ufll'.i ff~'li'{)];/ftllmJlfl~6U~ 

2.6.3 1::1111 WDM 

WDM lf~6 Wavelength division multiplexing \lfl6Vflll1J1J1Jl1~dllfi'1Jfll'.i 
d 7J d iI~ilo Q ilQI' 40 
ffVffU"V1;/ftfl111n,,!~~1U!Ullfl1Ulllff~llU1f1~"V~ WDM iHllUfl1J FDM f1V'Yllfll'.i MUX 

. " " , 
'li'Vlltll~U1~tYWW1WVillf::1iHfl11lJil1iHnUlI'.i ~li f111lJili1iiti lff~1Jlfl 'ilUmiiUU1Ufl11lJilll ff~ v u U 'U 'U 

l~u~m;flfll'.i"V~ WDM 1~nfll'.iHfflJllff~~~iill()1Jfl11lJ~llfl1J( f111lJUl1f1~UJU) 1'li'1~1U 

nUlrlullff~~iill()1Jfl11lJ~fl1'H fllnh MUX llft:: DEMUX 'II::H;mlflfll'.i'Yll~~ifmf"v~llff~ 

~fl~_11
11 fl 
flflfl 1-----=1\;........;::..._ 12
12 Jl 

11 + 12 + 13 

13 fl I--=fl=----=--_ 13 

l'Ylfllu1ftU fllnil WDM O'lfu1m::1J1J SONEr) iifl11lJi1J~VU1Jlfl 111iff11Jl'.i()Vn1JluMl~u 
" " " 

'Ylq'll~~ifmf-nu.!lu~~i1 'YlH~lUff~ (MUX) ~V~fll'.i'.i1lJllff~liiifl11lJUl1f1~u1il~nul'li'1;{1unu 
iI q, iI d.c:s 4 'QI QI 

- 'YlH~lU'.i1J (DEMUX) lIV~fll'.illUflUff~'YllJfI11lJUl1f1ftUlIHflUV6fl'illflflU 
• • jI ., " 

- 6tJfl'.iWliYhlf1!llii1fl6 Prism lil1flllfllff~fI11lJtl1iHnu ~1UlJlJ1il~tiU ~~'.itJ;{lUriHi1. . .. 
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1111 

11+12+13 
12 ----r----. ---12 

Fiber-optic cable 

1313 
. Multiplexer Demultiplexer 

2.7 ,:::UU PON (Passive Optical Network) 

... .d ", ";' 1 1 -d"J •.1 ..1:::UU PON (Passive Optical Network) 11'JtIl1'ynt1l11tJ'U'lJ 'U'll'tl11 IVlfl 'U ,W rnlUtl1'tJ 

I~tl:: 1~1J (FITH) Irlm:::uu Access Network ff:U0'11U~iiIlU'U~1~l1ff.:J PON tf'U\l:::H1m.:J'\ho.. 
l~IUtl{ tltl~~ t1I~tlI~tl1Jfitl I tJih"tlti'l ~10tll1 ri .:JffWUJltullff.:J~l'Ulfllii" '011~1lilll ff.:Jffl1J11fl .. u u 

, jJ ~e. J.q."d .r:!t"1d , fJI..:::rIo d","d "00' .e, Go' " , 

11I1U'U~1~VlVlff.:J'\l'UII"::~'UVltll'j 11U1tll1Vltl1H'\J'U ~1UU1tll'jVl.:J111J~ 'U1::UU PON \l::.. .. 
A rjl I ~ J 41 J~ .d

l'll'tl1J~tlI'\Jl'j:::uum'U Splitter 'Utltl'illfl'U'U ~tJmtu''Ulfl1tl'\J10 PON 'U'il:::IlJ'UIIUU Passive 9t.:J 

'u'~l ~lio.:J vil h1'iifll'j 1i1l.:J1tl1Jll!tlO".:Jllrl::lrJ'U fll'j tJ1:: 11 V~~~.:J.:Jl'U tjfl~ 10 1::UU PON 

ffllJl1flVilh1'lItltJ~iilfli''U'11U'l~~tl.:Jtll'jl1U'U~1~11'Q;.:Jtldl.:JI'Ii'U Video on-demand ~10tJtum~ 

1::~U HDTV IrI'U~'U 

''Utl'Ulfl~U'U'm"I~tl111't1f11'U1 rlV PON/FTIlf if.i1::I'ti'l1JlihJVlU1Vl ''U1.:JtllnJ'jtl~ 

1I1J'U~''Url'1'U111tldHII1l'Utl'U li1tl.:J'ill fl ''Uil'il~'U''U tJ1::IVlfY1Vloii1 m .:J~lOlfllii" '01l~1,hllff.:J''U 

ri1'U~ V.:J ,ui~H.:Jl'U'\Jtl.:J111l10.:Jl'U!tl.:Jfi'flH;'.:J'l m tl1JfI~1J..t1tJ1 ::IVlfYl'I1 ~tltjfl~ l'U 1'UlJlfl ~.:J 
d ~ ~ d 4 d fJI ,y".e, eo Jd J 

1't1f1 1'U 1 rIO PON/FTIH 'U'U 'il::llJ'UtlflVlHlrltl tl11'U.:J'11Ilflrj'11m tll1tl'UlVltl1 1'U~m tl~II1J'U~ 

d JI 4 I ".dl ,.1 '" ( Broadband Internet Service Provider ) Vl~tl.:JtllnHlfl1tl'\J10l'\Jlfl.:J ( Access Network) lJO.:J 

mi1J" tl ti'1~~tl.:J tlU H1Ji fll'j ~'U IVltl {I'U ~ 1J1 tl~lI1J'U~~ iifl111J111 ff.:J ii Lfft1 01 fl1~ ff.:J II fi 
• 'U 'U 'U 

Iflitl~lOfflO1mfl~Vl1111Uil.:J'~ II":: IrI'U tlln'h 1m .:J~10'01l~1111Ilff.:J1Jl'~h1'ln~tJ1:: 10'll'11 
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linn

cI

3 

3.1mn';' 

1I1n'lJ'YI~~ll.llJ1 l'.i 1'~nfll1(j~m'.i AtJrm tJtJ-n9ifltJfI~~l~lJ~1~m'.i l,j'l(j~U'lJ'lJ~~l~lJm 
llJ.l· 'J/ 1 d I "" • .I~ dd d 1'J/(Optical CDMA communication) lu'lJl~Ufl1 1.I'lJ'YI'YI 3 lI~nfll1mtJtJn~f1tJfl9f~mlJ f1~ UfI~ 

tJtJ-n9ifltJfI~~l~lJ 1 r1~U'lJ'lJ 2 liff~l~ (2-dimension) lm~iJ~'.i1lJ't1ii~~tyty1W'.i'lJn1l.1U'lJ'lJij'YI 
'J/ " 1 tJ itS .odd d d do d Q,I ~ 

l.ItJtlff (Beat noise) l.I'.i~'lJ'lJm'.il'lll(J~U'lJ'lJ9f~mlJm (CDMA) 9f~1J'.i1tlfl::mtl~~~1.I 

• .l~ dd .. 1'J/
3.2 ftf)nflflftt1"1Jflltlll flfl 

_.I oQ cld d 1" "I Jld " Q,IQ,I

tJtJn9lfltJfl9f~mlJ f1~ l~lJm'.i""Wll.Il1l1nm'.il'lln11ffU'lJ'lJ optical-orthogonal codes (OOCs) 

d1 'J/,I l' ~ dd d llJ 'J/ ddd d .11~tI'YI f1Hff'.i H ....l.I!ll.l'lltJ~ fI'.i ~'II1tltJtJ-n9lfltJfl9f~mlJU'lJ'lJ9f~mlJm u'.i::ntJ'lJ I t1~1t119f~'IItJ~ 

o 1 '" 'J/1'J/ dd1I11.l11.1 111.1~ N 11'.itJr;! 'If (Users) llCl::l9f~'IItJ~ optical-orthogonal codes (OOCs) 'YI 

C =~I ,a2'a3 "",a1cl J~1t1fflJ1;nll'hti'lJ ICI1~tI~fflJ1;fnll::~l.ItJ~ti1Jfl11lJtl111r1~ llCl::Jl11irn 

1" .d • 1i1 " I Q,I Q,I fI , Q,I Q,I " 

'IItJ~ f1~ w (Code weight) 9f~U9IfI:: fl~91tJ~111fllff11fflJ""l.Ili (Correlation) UfI:::fl1ff11fflJ.... l.Ili . , ..'J/ 1 'J/ 1 1'J/ 1'J/d 0 '" dd 0
'II1lJ (Cross-correlation) ~tI'YIU'YI1.I~1t1 A UfI:: A 911lJCIl~'lJ 1.I'Y11.1111.1~ 11 A = A = I 'YIl 11 a c a c 

<=:lo IQ,I d dlGJJ 

fflJ1'ifm'Ylln'lJ'IItJ~9f9l'lltJ~optical-orthogonal codes lJfl1~~1.I 

L-Il
 J (3.1)

ICI= w(w-I) 

.ok L J'" 0 d d 'J/ '"I ,
9f~ x fltJ1I11.l11.119llJ'lJ1n'YIl.ltJtln1111'.itJ1'YI1 x 

o Q,I Q,I " 

1I1nm'.i 'YIlff11fflJ.... l.Ili Uf1::: ff11 ~1Jlil.lli,j' 1lJ....'lJin;f16i~ 11lJ~~ltJ1..1.... ~ 'YI1 ~~11.l~ 1 r1~ 11::: ii. 
lltJ lJ....ii~ flU'tJtI n1111i tJ1 'Vi1ti'lJ A tI m 1'1.I ~f16~~ 1 r1~ timi1iJl.IW~ 11::: iiutJ lJ .... ii~ CIl...hti'lJJl11 irn a 

1 r1~ eJt~""'lJi1tJlllll::: iuiifl11lJ11lJ1tl01'YIH~11.l i''lJ()neii~i fI'.i irfftimhu11ll ~'IItJ~Ylmjm1 
" 

ff11tllJ~l.I1i eJt~l1'Jl.Inl'.il,j'lii~U'lJ'lJeii~ imirff~~lglJW (Synchronous CDMA) UfI:::ff1lJnmtJ~i''lJ 

~11.l11.1~1~'lJ~nn M1Jlnni1U'lJ'lJ tJ:::eii~1 mirff~~l~lJW (Asynchronous CDMA) 

. .. 
fJWfflJ,j~'IItJ~m'.il,j'l'.i:::'I1ffU'lJ'lJ OOC 11itJ optical-orthogonal codes fhhflty"l ii~~fitJ't1u 

I Q,lj/ d'd. Q,I Q,I 01" ~a 
I. U9IfI:::'.i 11ff91 tJ~ lJfIl.... fl'lltJ~tJ~ff11 fflJ ....l.Ili"!~lJ1n"l1.l1.lfltJ 
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I
F-I

Cn(j)Cn(j) = w >> 0 (3.2) 
J=O 

• W' J/ d ~ I dlll' oI!I W' I 0 cv 1'JI "d" lII'.a
2. IlllCl::1 'tHHI::'l U.:J1JCl fl'Wtu::I~U l'l 11JI't11JUU flU 111J1UfJ111J11 Cll~'U fJ~~::flU.:J 1J11U11l1 l1Jl11JUU 

tiu fhffl1ff1J'nU,;-.,rl1J"U.:J1::l1':h.:J 21ri'~~::~u.:Jiifh~11Jlfl'1 ~.:Jti 

I
F-I

Cn(j)Cn(j -I) ~ Ac ffl111'U 0 ~ I ~ F - 1 (3.3) 
j=O 

J d I QI' Q,I fI'j) 

9f.:J A 111J1Um fJlffl1ff1J'WUli"l1J (Cross-correlation)c 

I
F-I

Cn(j)Cn(j -I) ~ Ao ffl111'U 0 ~ I ~ F - I (3.2) 
J=O 

~ I QI' Q,Id" 
9f.:J A 111J1Um fJlffl1ff1J'WU (Correlation)o 

" ,,, ",
~.:JUU~1 flf,ltu ff1J,j~~.:Jn flcil11Jl'U IIUUUU 11'nCl6n.:J111J~nltllt1'fj'll'l1.:J~1 f1~I~U{ (Decoder) 

~::iiIlU1J'WCl~Cl UUUfl1111~ ul'vho'U A uflI~miCl6~~ 1f1~omh:iJultl.:J~:: iillu1J'Wii~Cll'vh O'U K 11u 
,,0 " 

","UUl~~:: 1liiifJ111J111J1UO'1l'lH~lU1'Ut'1fl9f.:J1mufftil~llll1U.:J"U.:J-WfJt1llffl1ff1J-nU';- Im::~lfl 
" 

"''''''''' • "" "" '1 "" '" "" d "" '" "" f,ltuff1J'Ulll'l 3 ~::\lflfJ1lJ.:jm Umtu"U.:J011 l"lml1Cl1Ul'lH 9f.:J111J1UO.:J0111"10.:J1I'U'UU::­

9f.:J1muff 1~U~lU1U"U.:J~1~'UH{~~::Cl~Cl.:J1~ui11l1lCll1rUIIWfllllU{ F -1 IlCl::lrlUl1nu'U . " . 
Inu'Uo'Umw"u.:J9f.:J1mUffII"'1 'W'U11ffl111'U1I'U'U9f.:J 1muff,ru~::ii0111~uuijll~1'\.nu F-l 

" .'" . '" 1'" "" . '1 "'.1 1 "'Ilt '" '" fJ1.:J"U.:JCll~'U fJ~ 9f.:Jffl1J110U11Jl 'lfu1:: U'lfU 1~~1U 

. " 
1~un1'1I1ti'~~::\lfltill1U~ l~U'Wlll:UI'lU{'Vi.:J 4 i1 fiu F, W,Ac,Ao IICl::1I1::;iYl'lim'W"u.:J 

" " 
1::'U'U CDMA imNu'1ullt1'T\hllff.:J~::~umjti'U0111~Ufl'Wlll:UI'lU{ll1cilU ffl111'U 1m .:Jff!H"U.:J 

" 
011 l.,rll 't1ff1m::011 0 U~1 't1ff"U.:J1 ::'U'U CDMA iiin 011 ~.:J1 lI~lU ciH 

" 
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Optical switch 

Input ultrashort 

o
 
_1 4 1 'V 'V '" 'V dl'ilJ'fI 3.1 n flHff~Hf)l~I'lJn'Hff'IJEl'lf)l~I'lJlf:l,:mmJ CDMA.. 

Fiber-optic delay lines 

_1 4 1 'V '" 'Vdl'ilJ'fI 3.1 '\I flHff~1'lf)l~f:lEl~~'Hff'IJEl'lm~I'lJ1IHllUU CDMA.. 

1l1fl~,j~ 3.l.fl 'Y1H~nJlfl~El'ltY'Ill:::iifJ,jmwU'lj'llltlfltltytylW I x M(Splitter) 114E1ll1.h~CHf 

I ~(lff~I.,j'UJl iUff M ~(lff~1t1fh"'1'11lJ~nhtilJ um: M ~(lff l'H~lu"ll:::f:lfltY'Il.,j'l iUi'HlJlfflJ 
v v 

1t1llthU1Uff'l1l1J1J'Hlh'lnm (Fiber optic delay line) ~~El'IJ1JllJtilJtJ~ ~(lff~l.,j'l:JJl'il:::\!fl'H'\.h'l 

nmU~fl~l'ltilJiU 1l(l:::'il:::\lfl'l.'h:lJl~1lJtilJ~QUmW~1lJtltytylW (Coupler) M x 1 n'il:::i~ 

~uuumh~1J lft'~ CDMA 
v 

, 'V"'; '" _ I 0'", 1'V 0' 'V 'V" 'V ,ft I 0

ff1lJ 'Y1l '1~llJlm El'l~ U qlJm W~ fl~I~El~'Y1 HU1.'1''1'il:::lJ~ ::flEl1J~ 1[JlfflJ I[JUfl 1lJ1U1.'1''1UUU'HlJ1'1 

n(ll~~El'IJlJllJtilJ l~[Jfi'El'ltllJ~1J1rtimhuml'liJ~ "I" 'lJEl'lih~Ulft'~ tltytylWUff'lm'l~llJi'1J'il:: 

ll[Jfl~'VliJ~l.,j'1i U~llJI fflJ 1t1un1ihllff 'I U~1'ihti1J:JJlnlJtlWUJ1W tilJ 1'H1.i~Y1H~llJlE11n'Vl~ 
u u • 

ffl'Hi'U'Y11 '1~llJlE11nYj~'lJEl'l~ 1ft'~I~El{ll::\lfl~~ 111 ffEl m :::fl1JtltytylW ~1[JtlUmW~~ 11l~m ::~1J 

'il~I,j~[JlJ (Threshold) ~1[J 1'l"nfi'~l'Y1fll~El{I14'O hn~tlWW1Wfl"1J:JJl~'1I~lJ Irlm::fl1JtYWW1Wff'l 
q u CJ u u '" 

fl111l~1t:lHu~[JlJ 'il:: f:lEl~~ 11ffElEl fllJ11 tllJ iJ~ "I" ll~on::fl1JtlWW1W ~ lflilll~l~ lJIU~[JlJ 'il:: 
" u u q 

f:ltJ~~l1ffElElfllJ1lt1lJiJ~ "0" 
Cl .c::1j/ 0' QJ.a IQ .a

fl11lJ~~'Vl(l1~1l1flfll~~ lfl~l~tJ~ ll::Ifl~'lJlJllJEll 'HlJ~ff '11J~ "0" Im::mmm flffEl~I1JEl'l'illfl 

l'HlJ~glJ'l ~llJ1lJ N -I ~':HtllJffll'H'fJ'lJEl'lm~ln~fhrlflff'HtllJ~lJ1f.,j'llJlnlJ~:::~U~~lt:lJtU~[JlJ 
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11CI:: ~ l'U l'U 'U tl ~ fftyt"l11 W11'YI1 n fftl ~ 

'" , 1"1" .J.. .,. "( ) .. '" '" "" " ~1tlUH l1 fl~'YI1J'Wl1l:lJl~tl1 F, W,Aa,Ac 1Jm1~ln~'Utl~ffl1ff1J'Wl.I1i'U11J Ac =1 111 

~ll.l1l.1,f~l11J~'Utl~fftytylwllmnfftl~ N -I Jjl'i1'1j'tlUn1nhl1lrn 1ti'~ K ~::'~Jjfl111J~~'WC\l~ 

ln~~l.I ti'lJjm11'11'liitlm::~u~~1~1Jllj~ul.I Th> N -I (1~u1l.1~ir,~fhii~(j~fftytylW1Uf11l.1 
~ I Q,I	 Q,I Q,I Q 'j/ i1 C' Q,I' 

tl1J"l l'lfl.l fftytylW 1 Uf11l.1 fl1tll.lm 1J	 llCl::fft1/tylW1 Uf11l.11'lf~fl11mtl'U) 1I1~ll.l1'U fftytylW 'Utl~
 

"
 
mmmnfftl~Jjl'i11Jlnn11l1i{)ll'htitn.hl1'l:rn 1ti'~ (if N -I ~ K) llc)'1fft1/t1/1Wllmnfftl"~:: 

l'h1'11'fjfl'Utl~ffl1ff1J~l.I1i,j'l1JJjl'i11Jlnn111'i1 Th ~~llll.lr·mih 1'I1'ln"fl111J~~'WC\l"~l.I (hw1l.1~if 

Th ll::~tl~ nll1l.1~1'i 11'11'~ 1n'h K ffll1i'unll~11~llU'Iltl~fj m)lIffl1ff1J~l.I1i'Utl~fftytylW ~ 

"~tl~m1) 

m1~lti~'Iltl~fh6~11ffl1ff1J~l.I1i~::Jjl'ill'rhtiu I (Aa = 1) "Y1l.1l'i161111ffl1ff1J~'U1i,j'11J\I::Jjl'il 

ll'htiu 1 l1~tl 2 (Ac =1 or 2) 1~U~~ll.l1'U"J~,,!~'Utl~~1iuim1 N \!nnll1l.1~~lnff1Jm1 

l F -I
N $ int w(w_1) 

J	 (3.4) 

ffll1fufl11U111ti'~ F Hl'~tl~1'U1'U'Utl~moU'uinll N 11U "h'Ul'il'Utl~ w 1l::ih1'11'ijl'il.. 
,ytlU"l ~~'Iltl~l'il F UCI:: N ~::1illll.l¥i1nll1l.1~~1'U1'U'Iltl~;'Wu~ "I" ~~ff1Jm1~ (3.4) 

1$ w $ 1+ ~I + 4{F -1)/ N 
(3.5)

2 

3.3 flWiTtl'lm'lltHt)t),"~flt)tl;U~hD1J1flvIlIUU2-l1ft'YIH 

~ 4 d Q dd. G 'j/ Q	 .d
11Jt)'W1l11Wlmtlt)'V'l\VIfltlCl"lf~W1J 1fl~UUU 2-'YIfY'YIH (2-Dimansion optical orthogonal code) 'YI 

Jj'Wlllijl~tl1 (m x n, w, A a , AJ l~u~ (m x n) fitll1J'YIifl~1U 11m m fitl~1'U1l.1'1ltl~fl111JU11 
.	 .".:.-J Q,I ~ I dl	 ~ 0 Q.I 

flCl'Ullff~ (Wave length) l1C1n n fltlfl111JUl1'1f1~flW::l1l.1~ (Temporal length) UCl:: w fltll.l1l1l.1n 

1 ti'" ~~fJW ff1JU~'Ut)~tltl'V'l~flt)Cl9f~lil1J1ti'~uuu 2-iifY'YIl~ ij~~if 
I Q,I 'J/ d Q,I • ~ ar. Q,I cv 

I 11\VI CI::111 ffll::~ tl ~ 1J CI nlo/w:: 1~l.I1l1 nm1lC\tl'U U~ 'Ut) ~\VI11J l.IW ~ 

m-I n-I 

LLX,.jXjEllF $ A ffll1fU 0 $/ $	 F-I (3.6)a 
,:() j=O 
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I "d1 GI d, I 4 • 0' 1" "d" "GI • QI 02 II~lft::: ',j lHY'iI::: ~HJ ·UJfI flllW ::a~ll.fY1 :lJnnw'U fl'U 11 :lJltlfl1l:lJ1lm~u t'l~ 'iI::: ~nH:lJ 11 'Ul~ 1 :lJ 

l11ii'f)'Ut1'U ~lffl1ff:lJ";'Ui,rl:lJ'tI'f)·:n:::w.h.:l 2lti'~'iI:::,;''f)~iifil~1:lJlfl'1 ~.:Irt 

m-l n-I

Il>;,jXjEllF ~ ..1. 0 sis F-1 (3.7)
c ffll1i'U 

;=0 j=O' 

J 4 I Go' GI tis! 
91~ ..1. l1:lJltl\H t'llffl1ff:lJ'rf'Uli'tll:lJ (Cross-correlation) 1IC1::: x:I= y E C c 

<h ( ~~) m{mn-IXmn-2}..{mn-..1.)
we m x n, /I., /I. ~ ----'~-....y..,----;:-'--;-'---,.---'- (3.8)

w{w-IXw- 2} ..{w- A) 

, .. " 
u ~ c::( t!1!::J ~ 4 ~ 1!::J4!::lI d ~ ~ 4 ~ 

3.4 iYtytylW'itJfl1lltJlIll8tJi.Tlll fl~"lllll'i:::tJtJCJI~Hlllll I'If Illfl1'iI'lfe~ ItJ~lIHlliY~ 

i'U',j:::Uu9i~lg:lJmliii~i'Unl'.iI~'f):lJ lt1.:1l'1HlIff.:l t'l~'U~1'U1'Ul1mtlffUlUmUtlflff~'f)'f)n:lJ'rfi''f):lJ
"" .. 

t1'U 'uiJ~mt'li'u~ 1 rll,;'1~ 1'f)~ei1~'t;'l11rl~~Il'1t'lff\jJ\jJ1WlIff.:l l',j lffl:lJl',j tlVl'ill',jW lui:lJlW'tI'f).:I 

1jl'1U'f)t1ff (Beat noise) ~1~n~'U ',;'~mt'li'ulf 1 ~t1'i1:::lIff~.:Ifll',jt'l'U1W t'ilft~'tI'f)~1jl'1U'f)t1ff~ln~~'U 
.. oji 'U'.i:::uu 91W:lJm 

, , " , 
i'U'.i:::uu9i~lg:lJmliiifll',j l;i'f):lJ1 t1.:1l'1 HII ff.:ll~t1~l'UltV'UiuUthlllllff.:Iii''U lii'f)nfll',j ff.:l 

ff\jJ\jJ1WlIff~'rfi''f):lJ'1t1'U 1uiJ~mt'li'u~ 1 rll,;'1~ 1'f)~ U',j lflfJfll',jur~'f)l'1i1'f)Uff (Short noise) 'iI::: 

In~~'U:lJ1flf)'.hU'f)Uff~ln~~'U i'U'f)UflnUm~fll'1'.i'f)Uflff ~.:IJ'U 1 rll,;'1~ 1 'f)~'iI:::nfl1l:lJrl~lI~nHt1'U. 
'tI'f).:IU'f)Uffl n~~'U i'U dl'U'tI'f).:IIt'l~'f)~i'U HCI'tI'f).:I1jl'1U'f)Uff'il::: '~iifl l'.iVl \1'i1U~1:lJ1'1 qllg'tl'f).:I,!! II m:flfl 
.. ni'U ff1'U'tI'f)~fll',j iJfI~lftfl'lSlt'l ~1'.i'Urll~u1jl'1u'f)t1ff'il:::\!flHii~ 1 ~UlIl1ti.:ltillU~lIff ~ I'.i l'il:::iifllnh 

11 ftflfll'.i l'1l~W ~fnff~{:lJllll fll',j Vlff'iJui'U fll',j fi l'U1W ffUlUllW ',j Ufl1'UUl'1U 'f)Uff~ln~~'U h ',j :::uu ... " " 
.... oj 

91~m:lJm 

1~U~ fll',j fil'U 1W t'hft~'tIfHffUlUJlw1jl'lU'f)Uff'il:::iifll',j l~ :lJVl'ill'.i W1'illflHfI',j 1:lJ'tI'f).:IffUlUllW 
u u u u 

ft'UlIff ~ff'f)~ffUlUllW ~tl mlulil Cll~u1 rll rl~ll'1t'lI~'f)11U iJ~.tl1t'l'tltllUffUlUllW t'l ~'Ull ff.:l~1m'f).:I
u u 'V u u 

fI1l:lJO~l ',j:::~UII',j~~'U'tIl'f)'f)fl'tl'f).:I.tl1t'l'tlU1U'iI:::uUm:r'U l~t1~',j.:lt1UffUlUllWlIff.:lff'f)~ffUlUlltlll1'l'U 
u u u u 

ff1'UU',j:::fl'f)U'tI'f).:Im:::Uff1rlvhm .:I~tlflf)',j'f).:Il~u~~m'f)~fI1l:lJrl~l ~1'f)'UdHI~'Ui'U mw'tl'f)~t'l~'U ... 

1 t'l~I',jU ffU\jJ1W9IltlUnrl~iifl1l:lJO lI~fl,jHfl'U'iI:::ln~~'U~mt'l'tltllu i'Ult'li'f)'\htllff'Uitlllfhlh 

IIff ~ff1'U'tI'f)~U11 ri.:l~ltll9lijt'l'f)'U~t'lI~'f) { t'l~'UUff ~U,jfl:::t'l ~'U 'iI::: ~1'U f)',j :::U1'U fll',j ff:lJ 1~Ul1\'Ut'l~'U. 
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1Ift'~ffqJqpW~~llHll'i hHllh';'il::iifll '1/ IICl:: '1/ ~1~1Jl'illnnW\JtJlU II'H~ll'Ult:n:)fll~Ufll'i 
1 2 

• I I JI' JI 

n1Jflftllllft'~II";Cl::flftllllft'~1wblltl'i::mmYi~~~lflnll ~~,rll'il::M11 IIF IIF lUll 
'f' Ix ''f' Iy 

• .1 '" oJ "" '" '" "'" oJ ?t • .10ft'1llu'i::fltl'IJ'UtH x IICl:: y 11JCll~'IJ'Il'~1Jfl111Jft'1J'Vlll1in'IJ '1/ 'Il'~ '1/ ,'1/ IUllft'1llu'i::mm
1 2x 2y 

· . " 
fift'tl~flft'tl~nllfi'IJ '1/2 1~Uthcl~'Utl~fftyqJ1WIlft'~'il::~flllft'~~~~ft'1Jfll'iYi (3.9) ~~i1 

(3.9) 

ffUJumu 1vJVh'il::rtflft'!H1~ufhCl~IIft'~~fi'IJlrlCl 1tliJ~fllu'Umu~1mtl~fl111J~~1 ~~'il:: 1li 
u u .. 

, JI. JI 

iifll'iYi'ill'i WIf-lCl'Utl ~fll'i Itl1\UlllltlCl~~ll Cl~cjf ~fiTI1ll~ 1lfiiflllUllfl'llV ~~,rWblltl'i:: flV'IJ.. 
d ~ ~ 1.0:::1 d d'd ~ J .d cv d • 1 .. 

'Utl~llVUft' 1~1I fl'IJ'YIlltl Uft''YIlfl~'Ull'YIfllfl'U U1Uft'qJtylW 'U lVVfl'YIf-llll fll'i m tl~ ~Ufll'i mV~fl111Jf:I 

· " 
~ l'il:: iift'1Jfll'i IUll~~i1 

(3.10) 

fllHllll1W filcl~'Utl~ij'YIiJtlUff~fllfl'UtJlUfftyqJ1W 'U ltltlfll~u-n'ill'iWlfl111J'l1ll1111lll'UV~ 

ft'Itlfl~i'1J (Spectrum) 'Utl~filcl~'UV~fftyqJ1W b(t) 'illfl.yhi'll'Utl~tltl ll1fltl11'ii'll'UtHtlVlJ1flv1 

. . " 
l'iill'Utl~ b(t) 1~uiifll'i-n'ill'iwlfllri1lltln;fltl'IJ'Utl~ x 1m:: y 'Uv~IIft'~Yiiiml1Jff1J~ll1r~~i1 

'1/ Jx (t) = u(t)cos¢. 

'l/J
y 

(t) = u(t - d
J 

)sin¢, 

'1/ 2x (t) = v(t)cos¢, 

'1/ (t) = v(t - d )sin¢, (3.11)
2y 2 

IrlV]J1J ¢ 111;1:: e fitltl~1lJ'lb~ [0, 2 JT) Im::fftyqJ1W ~1Jiifll'l11l1~n1;1111lll dJ IICl::. d2 

ffl'l1i''IJfl~ll~~fll'Vlm h';'il::.ii]J1JIYhtill fltl dJ = d2 = 0 ~~tfll .y:j~ni'll'Utl~tltlll1fltl1mill'Utl~ 

ffqJqJ1W b(t) 1Ift'~~llIll~~if 
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2E(b(t)b(t - T)) = QC U(T )V(T) (3.12) 

ti1l1lJ~ 'M C = R· Z 1m: U(T) 11ft: V(T)fttJ~~nilJm) 19i'fltJ~milJ~1l1Jih~u filfl~~ 

Q iifilll1ltiu 2 ffll1fumw'UtJ~fl~lJllff ~~iifll'j 1'nell i'il'lIci'lJ Ilm:iifill'tiltiu 4 1~U'il:iifllm'YllJ 

fil~l~UVI'jllJff~tJ{1J Ilft:'il:i~fil PSD 'UtJ~ b(t) llllJ~~lf 

(3.13) 

ldtJ * fttJfhfltJlJ11~ilJn GOl, 
(/) 11ft: G02. (/) ft6 PSD's 9111J,h~u ffll1fumw'UtJ~fl~lJ 

llff~~llJ1lJ K ff1Jfll'j~ fl.5 ffl1J1HI111fili~11llJ 

QC2 K K 
G (/)=-I I (l-~.)G .. (/) (3.14) 

b 2 ;=1 j=l U IJ 

"j "'1 0' j1o£::111Q1 'j/
11JtJ oij fl6 mllJfllfltJ'j 1~ft'f111JflllVllflU 1 111 i = j 

G (/)-G (/)*G (/) (3.15).. O' 0 .IJ ,I ,J 

2 2
QC K K ~ I 1P K=-I I(1-~;) JG .. (f)H(f) df (3.16)

beat, 2 ;=1 j=l -~ If'J 

ldtJ Z *H(f) mllJffl~tJ~~nilJ'U6~.f)lfl'UU1Ufftyqpw~1m6~fl111J~~1flnfillJ1W 

ffl1Jntlfil 1'11'~1{J 1~U'il:ff~lfl'f11MlJ':h ilJVIl~tJi),r~ Gij (f) fi1f16lJ 11~ilJ'UtJ~ffltJfl'f1f1J'UtJ~ffty-
'" 

ty1WIIff~ 'II:\] fltJ n:1J1Wfi lllllJ IlU lJ~1V11l flU'UtJ ~.f)lfl f U ~~UlJ ti111~ fftyty1W'jUfl1lJ UV1U tJ Uff'il: 

'" 
tI.. fltJ'j :1J1WfilltllJ~ ~il 

K K
2

P =QC B I I(1-~·)G.JO) (3.17)
beal.K n ;=1 j=l U IJ 
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I'nn1l1HU1 lurmu f1~Ullff ,nf~,nwi K )jfll'WU.:Iflltl'lfUll'lltJ.:Iff1Ufl9Ift1Uft::fI11t1fl~l.:l 

ffl'Mf'Uff1Uflfl f mlHllff .:IfftJ .:I'lfUllfltJ 

~d 

1.U'U'U1fllfflCJfUU 

-( -1-Ik )212(J2 -( -f+Ik ) 2 12(J2 ]!:JL e +e
G (f)= (3.18) 

O,k 2 .J27UJ[ 

I • "' 

djtJ Pk 11ft:: I k fltJflll1.:111ff ~mftUllfl::fll':im'UfJtlfl11tlti'lltJ.:IlllHi~~lU~ K 

(3.19) 

1ntJ r fltJfll'U11f111111 ~.:I~lU 1fli1':iU,.,J lu mOiifflll1.:1'1ltJ~ihrutJuIlffll1f'U1ll1~.:I~lU 
c 

" 
1fllIII~UU 11f1::~lUfI m':i U 1~ UU 1.tJ Uf1.:1 iif11tl ftlf1'U 

QC2 B K K 1 

P"ea,(G),K = - ;-IIo- 8,)p'~e-N:, 14u, 0.12) 
40- "oj 7f ,=1 ./=1 

2 

P. (G) K = QC B"Tc -f-f(1-c5 )PP 1 0.21)bea" 2 L..J L..J If I J ( V
,=1 J=I 1+ 7fT/"'/,J J 

~f1~'~1l1flfflJlfll':iff11Jl':i f,) H' lu mWlll1~.:I~lU~)jflll1.:1 Pw 'IlW ::;~1l11f1~1l1UgU'l 

l.tJU K -1 )jflll1~ 1J llfl::1ll1~.:I~lu,.,f.:lMtlll)jfl11tlfftl-nU1inu 11lUfll':i1fffll'':i1CJfi'U fftltl~':hlM 
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m OJ ~'~ihl1l11U~ n~H 1U1~ 't"FI'IH).:jlll1 ~.:j~lUfI1l11~~u"n~l.:jnu 1U m OJiftil ci.:j'IJ't"l.:jihll~hltlff 

ffll1 i'lJlnlff1~UUmUfl" i'II U~~fl~Um,. .:j~'t"ll'J UL;UU~nJfl"i'II ffllll'J t1l1l1~"lll ih~mi.:jif 

(3.22) 

(3.23) 

Lrt't"l q fi't"lU'J~~'YI1.:jv1~nm't"l'l1nff lflu~tilci.:j'IJ't"l.:ju'YIii't"lmf'\l~L~m.f.:j~lu1U 111Ufl um: 

tilci.:ju~~~L111~.:j~lU 

~1't"lciH~~'IJ't"l.:ju'YI'il't"lmf1u'J~lJ'lJm'J1~'t"l1l1t1.:jfftytylWUff.:jU'IJ'IJ;~hgllm'\l~)jnl'JLLfffl.:j 

lflUJ1lfli''IJ SIK i1ml~Mlflunn 1~W'\llHlmhu'YIii't"lUffU~L'Jl'\l~Ufffl.:j~~ci't'l~lfluw'\lnwlfh 

U'YI1j 't"l Uff 1 flU ffllll~1,r 1111 ci .:j~l ULL ff.:j fi't"l ffn ~.:jfi1U ll~ 19f't"l {~.:j iit m ffL ;UUff 1tl fl" i'llL~ 't"l.:j'\ll n. 

Dctecling -tI) 

Signalure sequence l 
--Jc-­0----- ­

Complementary 
0pllc..1 ",W\lches ~ ~I j.,. I 

Intc:gralc 
()vcr 

rrn: hit 
dural ton 

_---- _ --.lr-­

. 
• 1'" "" "1u'n 3.2 nl'Jft'1fl')j''YI1.:jLLff.:j (Complementary Optical Switches) 
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1m::1J1J9}~lihm) SIK HHri~~ll'11JffUJtlJlUl l11tJDtJ h 1fl'1.JtJrJilulll'l~UJ'\.nlril11r1J 
.. u u 

~tJ1JClfl''UU'H~tJ'H;1.:1~l1Jih~1J~.:Illff~.:I hraJ~ flJ Vi"·1';iUl11'Ulfl~tJ.:If1J11J'Uli tJtJ l1i lfl'UtJClfltJ~lft.. .. .. 
cfA A cf jJ dod <d c:, d d rt'd 

l~tJ';iC)f.:Iff1~C)fVll.:lllff .:Ilh:: fltJ1J~1UffUJUJ1WVIllfll';ifltJCllft'll'U fllCl.:l"ltJ.:I1JVI'U tJUffVlffUJUJ1W"Il 
u u u u 

tJtJfl"ltJ.:Ilfl~ tJ.:If1J,,::iifl1';i'~"1';i W1~.:Iii' ~tJ~'H;1.:1fll1JnClll fl@il';i'Un"ltJ.:Ill11 rl.:l~lUllff.:l ~ miltJ fl 1M' 
, " " 

,rtJUfl11fl111Jfl~H~tJff vhni'U"ItJ.:Ifl';itJfffltJ~lfti'U"ItJ.:Illff.:lYt1vn;I~ ltJ~fftJ.:I~1(lfl~~Yi.:l ~1U..
 
l'H~ii'''I'U l~"ItJ.:IiiVlil tJUff~ff~H~'U l~u'~ ltJ~fftJ.:I~1"::~fl '1i~flfltJ~lft~n'U ~tJ~ fftJ.:IfllCl.:l"ltJ.:I 

lfl~tJ.:If1J fitJ Ps ~1~~iillff .:Im~uPx/4 ,,::ri.:l'tJU.:l'H;1.:1~1 ~H~iifllmVJ';iflfftJ~,,::iifhft.:lLLff.:l 
• 

mftu Px /8 ,,::ri.:l'tJU.:I'~ ltJ~fftJ.:Ii1 
'" I 

;\1um~ilffllfll';in 3.21 llCl:: 3.22 
" 

iifhfftJ~fl~tJ.:I~.:Iil . . .. 
Pw = Ps /411Cl:: 1j = Ps /8 ril'Hf1J'~ ltJ~'Hi1.:1~1 LLCl:: Pw = 0 ,1j = Ps /8 ril'Hf1Jmwijwl~.:I,:r'U 

1I1flfll';i ff.:Ilf)~~.:Iflrll1fl~';i lff1'U UVliltJUff~tJ~tJ~il tJuffiiri ldj'U 

(K-l )RPSr= (3.24) 

32qa.j; 

.. .. 
4. 4. 0 "'1 JlI:! • ~ JJ ~ Ql r1IJ 1 of !I '" 

l1JtJ K fltJlIl'U1'U~ 'llVlff.:lffUJUJ1Wl'l';itJllfl'UUCl::ffll1J~ 'H l~ tJ~(lfl1JlCll'U9l' ~1{Jl'H~'U 
'U u u cu q 

ffUJUJ1W"IltJtJ fl"ltJ.:Ilfl~tJ.:If 1JiirilU~ ';ilff1'UffUJUJ1W ~tJ ffUJUJ1W ';i 1Jfl1'U 11J'U~.:Iii' 
Uti uu tlU 

2 
(RP) 

SNR = < (3.25) 

22(K-l) qRKP16( )
(~) --+- O+y)-_s+2qldk +N

rh 
3 T 4 

..; 
11JtJ 

4 I JJ Q 

T fltJ fllfl111lfl11.:l1J~ 

N fitJ ri l~ l'U1'U"ItJ.:ItJftJff"ltJ.:I fftlltll1W IIff.:l 

fitJ rilfJWftfl1IW::"ItJ.:I'~ ltJ~ 
4. I Q,t ..:::to 9J 
fltJ fll PSD "ItJ.:IffUJUJ1W';i1Jfl1'UI'll.:Jfl11';itJ'U

u u 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร

mailto:fl@il';i'Un"ltJ.:Ill11


unn ~ 

, 

4 

4.lmnh 
~. iJl' Q.I' Q.I ~d JI ~ ~ 

'il1nl.J'VI'VI~nUJ1 fin" 11f1~~tJU'lJ'lJU"::fJUH,nl.lw::~n~.,'UU~f1lj1'U 1nU,. CJI~'VI~l1Ufl1UUf1lj . . " " '" ~l "l o£:Iq d • jJ 1 "0 • 1 q .c:S I d
1'U1~l1ff'VI 'If U~::lJ'lJCJI~mum (CD,MA) ~lU1ffU t1Uf11UlUff~ ff1U UlJ'VI'VI 4 U'il::n"l1f1~ 

.c:::. ci.dl ~ ~ ". Q.oC:lto 0

f1W ~f'llff~~'VI 'If tU f1l~ 11m 1::11111f11tJj:: ff'VI1i flll'lU":: ffun f1U::'UU~n U U1mu:: 'lJm:: 'lJ1JUurl 

9ifltJ,,~~hUum1Jln1Jtiu'lJu1m~';lf.1 WDM 1~U-n'il1jW1il~f1lj1~ljl1ffU'lJ'lJ 2-D u,,::d'~nu'tJ 
" " .. '" co " ~ co" 1 9 "" '" '" col" 1 1f1~fftyty1Un'lJf11UU'lJ'lJ'lJ'VIUUUff (Beat noise) un~1U flUIUnU1'ilUflHU 'If MAC rn 'VIflU 

. . .. 1 "''' . i- I"?t "" ~ "Ul.J'lJtfu (Random access MAC control protocols) 'il::n"l1f1~ U111'UUflU u CJI~lUUf1ln1m1::11 

l;1~fI1Uflf'llfffl{ ti1U~"f1lj11flj l::,"'il::nftl1il~ lu'lJ'VI~ 5 ~tJ'tJ 

4.21fl'i-3,ju.I'rt"rhmTj11fl'i1::~ 
_I~ "1" "" 1" 1'" "1" "" ~ " .,j ,0'il1n~u'VI fj 'lfmf1l~'il::\1nf1ll1UfI f1f1 l1UfI"::r;l 'lfmf1l~'VI'VI1~fl1U1mtJ~ff~ (Optical 

, ". . '" "1 'JJ d 1" iVGo' d Q0 'JJCDMA encoder) 'lJU'lftJ~fftyqpWlffU t1Uf11U1Uff~ CJI~ff11Jljm'tl1 f1f1 fI'VI~U'lJ'lJl1U~'VIf'l'VI1~ (I­
. " 

dimension) 1lfl::fftJ~iif'lm~ (2-dimension) 1f1uYilU'lJ'VIfl11umoti'U'lJ'lJ 2-D l1itJfftJ~iif'lm~ (2­

" 
dimension) ,rum~ (11:: nft111f1u"::16ufllU111~tJ')1f1 'tJ) U,,::d'~h~fhii~il~f1lj1~lil~U'lJ'lJ 

tJUtJ~f1tJ"~~lijuml.JU1m~';lU WDM PON (passive optical network: PON) ~~ WDM if UU"U 

I .A ~.d oJ I' I J/dQ.I 

fl1f1"lJ1UlJ An 'VI n = 1,2,3, ...,N CJI~l'l'lJ11f1lfl11U~'lftJ~fftyty1Wt!~tlfl'tltJ~ nU1'U1f1~U'lJ'lJ 

tJtJtJ~f1tJ,,91~lUUml.JlJ1m~';lU WDM PON utll1viu1Jln4lJ K 1yh1~tJlYiU1Jti'lJ WDM PON 
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• .1"" <t<t.. ~ p 4 0 <t <t .., <t V t! 
4.3 8tlnfltl8a"l~1811181f1~11I8tl1U.:lnU1tyqJltll1n1UIIUUUnU8£JL1 

A ca 4 " rI Q.f Cit" rl1 ctla'

l1JtlVHIl'Hl.Iltl'l 2-D OCDMA m1tY11'ltnyqpWVH'lff111ffll:: l'lfml<Jff)1 flll1Jm11JtJ~IClflll'U'U 

" 1l'U'UlItJ1JtJCl~fl;ryJfi66'1 (Amplitude Shift Keying: ASK) Im::I'Ii'1111ffll'U'U Nonretum-to-zero 

l1itJ NRZ Im::Il~Cl::~~'U1fll111::~fl~fl9ifln'lJf1111J1I11flg'UlltY'I~ 0'1~ AP5 

~ ~r'U 11::911 111,)'Uij,,'Ii'tJ lJ Cl~1111i mniltYli tY1Jli'U ntYtyty1W111tY'Ii'tJ lJ Cl~I'Ii' 1111 Im::1m1I'U 

1~1I'lJfin::~'UtYtyty1W 'illnm ::~'lJ'IJtJ'I~?Ilj1J,tJgvU~~'1th'111itJ'li ~'1lrttl u~ ~'U1 m1 111fl~'U 
tYtyty1WlI::ln?ltYtyty1W''Il1I1Y11fl (Crosstalk signal) ~'1~tJ~ 3.2 ~'1~1IltJ1 k, fitJ~1'U1'U'IltJ'I 

"., ~ ., A I • oJ I 

fftyty1WIIYlfltYtJ?I (The number of interferers) IICl::llJ'Ufl1I1un!1J"I'ItJ~ 'U'lf1'1 0 ~ k j ~ kim:: 

1I1fl~tJ~ 3.2 if iJ'Il'l'U'h~1'U1'U'IltJ'I'IltJ'ItYtyty1W-nCl1Y'~fl111JVl1flg'U Ai li~1'U1'U'IlfNtYtyty1W 
" 

''Il1IlYl1mi'l111J?luthlrl'U I;:o k; =k 

p. data signal crosstalk signal Pc kilts 

n 
k23 

k,
2 

R k3 ! 
j I1 

I 

t 
1 D". IIiI

j 

LJ "' 
'\ 

A1 A2 A3 ApI 

_I.e: e::t rI Q,I""".ci • .ca 
1un 4.2 fl111JtltJ'IfltJ1:: ml'U'Iltl'lfftyty1W'IltJlJClIlCl:: 'Il11lYl1 nYlfl1VtJfllltJ1Jl'lCl~fl (Peak) 

1I1nm1Vhffl1tY-n'U-ofl1'Uu~ (Autocorrelation) 

rI Q,I "rI - ~'" 0'UYI'UlIl'U1'U tJ'IfltJn: fltJ'U'IltJ'IffUJUl1W tJtJflYll'lfl1'U1tl1f1l'lfl YI fl 111flfll1 Y11 
u u • 

1 , ,c:i.J' 0flV 

i=! 
(4.1)

P. k,

I I ~p,. (t) exp(j(mcl, ~ - Tlj)+ <1>,.;; (t - Tlj ))) 
,=) j=1 
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d 

11 

~(t) um: p.(t) flU n1~""luuu'Vl~fmCl~~~1~1I1U~tlU (Threshold) 

4 .d.d JJ tI 
flU f11111\l'IJU"f1ClULHH'lJU"'IJUJ,lCl'nClff Ai 
4 .d A tla" "I" .c:i .d 
flU f11111\l'IJU"f1ClUUff"'IJU"'nClfffftyf.1!lW 1'IJ1Ul1';jf1f1 A; lICl::l1 

0~~U111"~ /h 
4 a" A.I tI 
f16 ffUJUJ1W'JlJmUl11"lnfflCl19W'J 

u u 

4 r I • a a" fla" 

f16 fI1l1U1"l1Cl1'IJ6"mm'n'Jm::~lt1f1ClU'lJU"'nClfffftyf.1!lW 

\II JI iI JJ ~ .d d Q#' Q,t f/G.I Q,f tI
1'IJ1U'YI'Jn~ln~"fmnn /h 'YI Ai 1If11111ffll'nUlinlJ'nClff 

.I. 1" d Id w1UlJ'YIfl1111Uml1U~ 11 (J)d; = (J)Ci} = (J); 9f"111Jltlfl111111'Y1 m::Uff'nCl"Uff" 
. " 

(Photocurrent) nm1~'Vj~'IJ6" nn~l'YIn;1I111nun1~"ff6"(Square-law detector) ~",rU~::'~ 

~ ~ ( )
if RaPsPd(t) + kP.(t) + iLJI~~(t)~p.(t)· cos(<1>cijV - rij - <1>di(t) - (J)irij 

,=1 j=1 
(4.2) 

+ 2I I ±~ ~(t)~ P'(t) . cos(<1>Cij (t - rij)- <1>cil(t - - (J)iri} + (J)iril)r il ) 

;=1 j=1 1= j+l 

I • I " 

hwn R fl6fftn'n~6lJffUU"'IJU"'~ 16~'n~"uff" (Photodiode responsivily) 91"'\.lniln111U~1M' 

ihill'vhnlJ ) UCl::~lnffllm'J~ (4.2) 1'YI611~ff6"uff~"(i,,n1~""luumnff6~~ln~HlJinngu"l 

;"'u~d~HlJinngU"lff,,n1~""luij~")" Jum" um:1'YI611~ff111Uff~,,(i,,~mfffu(Beat) ;" 

nUlICl::nu;"1l16"1Jl~lmhtl6~U611'nil~~(Peak) 'il1nnwYi1ffl1ff~U-ei1l1u)j~(Autocorrelation) 

1m::'il1mhtl6~1I611'nil'il~'ill nffUJUJ1W ''IJ~um n 
.. u u 

• Q,I cfd. • .a Q#''' .4 Q#' QI J} Q#' 

UlICl::'nClff'YIUlICl::f11111t111f1ClU A ~lnffUJUJ1W'lJ611Cl~:: beat 9f"nU1m::num"~1t1 k 'nClff 
tI 

I u u ~ , 

~l1nffUJUJ1W''IJ~Umn ;"'u~d~lU1U'lJ6,,nn beat ;"nUUCl::nU~::~UmllnlJ~lU1U'lJU"m'Ju u 

umnff6~'IJ6"~Clff~lnumi"gu"l ff1U1U1'YI611f[~'ti'lt1fl6~lU1u,f"1111~'IJU"m'Jbeat ;"nuuCl:: 

QI I Q#' tI 
nu'IJ U"UlI Cl::'n Cl ffU 'YI 'J n ffU~ 

1m::1rl6-n'ill 'J W1(i"fi1f11111 UUClU 'J 1U 'II6"ffUJUJ1W 'J lJ mUUlJlJU'YIlj'6 tiff 1m::lJlJ66'Vl ~f1 UCl 
.. u 

dd d • ••1 1".:':1 ./ w 0'1
9f~mllmff1111'J\lfl1U1W ~tI 'lfn"n'lfUfI111111U1UUUfl1111U1'il::1lJU (Probability density 

function: PDF) tntlMffll 1J~ ~ 1U~1'Vl ffffijnn 1U~tlUUU""1I111~1UU'J ~lI~ijm'J U~ nU'il"UlJmi1 

1ff1l6 (Uniform distribution) lJU'li1" [- 7f, 7f] 1m::fi1n1~""lU SNR l1i6 fftyty1Wfi6fftyty1W 
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tl.I QJ QJ rJ' 

':iUf)J'U (Signal-to-noise ratio) ll~~:;;1JI'l~I'l':iJ~llu'M~lilf)1':il'11 ill'HlI'l j,'f lH11J 'Vi 'U 1i 

(Autocorrelation) t111J1Hltll'U JUt '~~,n"1Jf)1'j~ 4.3 [5J 

(4.3) 

(4.4) 

. " 
hw1'UiH1 

SNR1 AV fft1JqI1Ut~tlfft1Jt1J1Ut nJf)J'Ul~tI,rtl",mil'U "I"
 

SNRo AV fft1Jt1J1Ut~tlfft1JtylUt'jUil1'Ul~u,rtl",mil'U "0"
 

PsPdD flU 'j::~U'lJU" ~~l~1Jl1J~U'U (Threshold)
 

1~tlVi'illnl0" SNRo 'il:; '~ijil1'jri"fhft""1'Ul~UlilmnJ1J1J1fl 1'Ufll':iri,,1jfl "0" llm: 

fhl1'U~1'11' k pulses lfi~il1'jfft1JtylUtll'YIm9H.1~ 'lJtI"fft1JtylUt~ Photodetector ~ k 'il::\jflm:;'i)lU 

1J'UfI111Jfl111JfI~'Um,.,,~ A, ~1fJ k; 1~fJ~ri1'U1J':i::flU1Jfll'jm:;'i)lUl1fllflU{ {k" k2 , k3 , ••• ,kp} 

1 .J.:' 0 !'ll '!'ll I " 
'U'YI'Uf)1l1'U~l1J'Uil1'Ufl'i::'i)lfJll1J1J multinomial fifl111JU1'il::llJ'U P; =- ~",r'Ut111J1HI111 

Ps 

(4.5) 

. " ' .... i" '" '" D llU1J m::1~~~'jl1JflUl'Uu"(prime-hop sequence) t111J1Hll11 ~~"'U 
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(4.6) 

1- (,uA))i-j .~ PsPdD- J~ +Q( p2 2 
s 2PP(J)_1

C C 

Pr
2 

1 00 

Q(x) =- Jexp(-i /2)dy (4.7)
21f 

x 

(4.8) 

l~w~ (,uA) flO ~ltJ1'Um~{Jfl111Jtl11fl~tJUff.:J~'h:Hf1l1i1Jl'Jfl'1 ~'Uo.:) m::1~~lUff1J1JlllHnl1J 

. '" lIflltJO.:J (Asymmetric prime-hop sequence) 

l~tlltJ~if 

'" _.I'" 0' ~ 0;'lIl " 
~ flO m)'nllflO~vnI101'UV.:JVHlff 1'U1umfl (Crosstalk) 

4 ... .I.e:t. tI Q.I tlJ1
Pd flO OOnllflo~vnnVl'UO.:JVi~ff'\lO]J~ 

'" ~D flO l:;~1J'\IV.:J (Threshold) 

l!~:;lrlVluthu.:JO.:JfftytylWl1Jfl1tJihn!vmr U~:;fftytylWl1Jfl1tJgtJ'1ih1M 'ihn'itJ QIfltJijtJu 

" Q.t 4 ~ Q,t " 0'" o'Q.t ~ & .dd"
'YIH~ltJfftytylWl11.:J1J1fl 1I~:;I1JOllJtJfftytylW'YI1.:J~ltJ~1J mh1 n.:Jfl'll'tJ Q IlJtJ11 tJ.:J (1~tlltJ'YItJ 
. '" 

l)jmhfftytylwii~ "0" 1m:: J ijfillJlfl'hth threshold B=PsPdD) ~.:JtrtJffl1J·HlthtJ1Wfilfl111J 

t111):;Ii:luiill~~fl~1~ '~9'1.:Jif 
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(4.9)
 

4.4 m-:i1Ifl-:il~,t MAC hhlflfl6t'l 

'hltJ'YIfl111Jif,~nTj loU'lil~utJmi1J'hI nl'j ~~ffty9l1'jHnn loU'lil~'Utl~U~mn~oU'tl'.!'f1 1~V~ 
d.d ~ d .d ","d0 d

U'Vfmn9l1Jfl111JVl1 L tJ9l U'f1::1I1h11h1'Utl~U'Vfnm9l1l1n't'J n"l fftllhl ffl1J1HU'Ul 'lfff'f1tl~l1ml'VfV~ 

". , " 
d did '" "," 0 Q.I Q.I 4 d"1" ~ d dOl" '" ff'f1tl9l11ml~V1 hll1ml~V1nhltJhllffhl VUn1h11Uff~ ~~hlhll1Jtl1J~ 'lfl'Vf1J1Jln'UhI'l~'YIi 11 m~nl'j 

U')1'jn'lltl~'Utl~m'jloU'lil~l1mV'YIH (Multiple-access interference: MAl) 

~~JhllhltJ'YIfl111Jift'hl1h1~1..r P.rror (m) fitlfl111J1l1'l::11lhl~'l::ln~1J9lH~'Vfm~lrltlij m 

m'*tJinn 1h1';tl~ffWWltu lm::ffl1Jl'i ()11lftlfl111J1l1'l::11lhl~'l::1liln~1JIJlH~'Vf 'f11~ 1<;)'~~ff1Jnl'j~ 
.. u u 

(4.9)[5,19 ] 

(4.10) 

. " " 
'llnff1Jnl'jfj (4.10) 'VftJ';hfilijfl'jl1J~H~'Vf'f1~;jhltlyntJ~lhl1h1 L 1JfI lbmrn'Utl~ 1 fi'~ lm::'lfii~ 

'Utl~;~hg1Jltl1ti'~ (Optical CDMA code) ~H lIft::ffl1Jl'jf1"'1I1'jtul11vhl1'U~~ff1Jnl'j~ (4.1 I) 

tldl~1'j ~~11J 1h1~ift'i111h1~ 1..r~lflr tl~i'tJffl1Jl'j (l~'j1'l ~tJUft::fl'j1'l'VftJnl'j H~'Vfm~'Utl~ 

u~mn~~ln~~hl1~ 1m::1h11m~,jlvu'Vfim::'llV (Broadcast network) H'ff~ffl1Jl'j(lt'ill1h1~Uft::.. 
i'tJfl~'hu~mnlJl~ff~ hhill~'ll1itl~tylffV1<;)' llft::ft111li mnfl Hl'r1tlff~';l11 ~~1I1n~1Jft1111l1~ 

. " 
11m1h1'tlvh'rltl{ (Buffer) 1~v1h1fji1 t'il11h1~1..r M fitl~1ll'l.h ff1J'Utl~~lhl1h1H'loU'lil~l1itl''*. .. 
'litl~fftytyltu'hlff~tlfll1ftl ~~JhI'l::1~ftl11tlhl1'Unl'im::'llV (Condition distribution) ~lhl1h1nl'j 
'd d ., J/Q,f J

ff~ll'Vfmnflffll'jlll~~~hI 

P[S = s IM = m] =[7J~~recJm)[l- ~orrecl(m)r-S (4.12) 
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fJ =E[S] =E[E[S IM]] =L
<Xl 

mp.,orrec' (m)lm(m) (4.13) 
'm=l 

lrl6 1m (m) fi6fl111Jtll\l::1~'UmH17::\I1tl~n'm'Ufl'l~"'6'1m71'lilii'l,.h::fW1J~ 'I,'U~ifn1JhJ 

ii'lU~fl1091~H''U m7ri '1J1UCl::ff'I '111j1'Uill 1~ltI\I:: nnf'UlI'M'urn lm71'lil ii'l1~'UmJ1Jih9f6'1 .1,,~ oCt • cv d

(Poisson arrival) mtl6rln A lIt1\1::1Jfllll'ln'1Jmnl (4.14) 

(4.14) 

~ d d ~ d.4 
fi T fl6 fl111Jtl11ml11J1I"'6'1U't'lmOrl't1l1Cll'UU"l un::\I10n'11J1Hl't1 (4.14) 11J6 

nll1'UlI1M' Y =AT fi6~1'U1'Ul~~tI"'6'1fl111J't'ltl1t111J~\I::ff'l~611i1'1n'~691l1nl ~'1Ju'~fh1fftl . . .. 
n'11J1Hlfin'm'Ufl'lfi'l11j~'1ii 

(4.15) 

d=-Y­ (4.16)
fJ -] 
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'Unn'" 5 

5.1 lnnh 

til'Hf'lJ'lJ'YI~ 5 li1ltY1HlHflnl'I11m1::Hlh::ff'YItm'Yi1;f.:jUl'\l'\ltl.:j':i::UU hwli1ltl1nl'I11f1':i1::H 

~H'l \11nU'YI~ 31m:: 4 1Jllilnl':i{iulUlUUnlnlHllHlfl::11m1::H If1U\1::n\11':iW1U.:jij~':i1ii~ 

~f1'Yimfi (Bits error rate) fh1ffmn1J1HI (Throughput) finnl1.:jnm (Delay time) '\Itl.:jnl':ili1ltl1 

nl':i1oUl'I l1ff11UUfftl.:jiifl''YIH (2-D code) 11UUtltln~f1tlfl9f~1~1Jltl1J1HUl!1m.:j'lhu WDM 11fl::V.:j 

Ct. d Q,1 do " ~d, 'j/

'Yi\11':iWltHfff.Uf.U1W':iUn1W1UU lJ'YIl!tlUff tlnfl1U 
u " 

5.2 NU"6'1tl1 n,,";1'l::lUl!"6'1om lij~NAfiU1A~6'i::UU 

il! nl':i11m1:: HHfl'\ltl.:j f1111JU 1\1::1f1l!'\Itl.:jij~':i 1ii~ ~f1'Yimfi 11~.:j nl':i n \11':i W1tltlmfll!fftl.:j 

ff1l! fl tl nl':i11m1::HHfl'\l tl.:jfl111JU1\1::1f1l!'\I tI.:j ij~ ':i 1ii~ ~f1'Yimfl1rltl 1 :Ufhu.:jU.:jfff.Uf.U1W':i Un1l! 
" " 

.c. J4,'o~I:::$U ..et V J 
5.2.1 NUfll'i11tnl::'t1nJe llflll!'1f1'1tuyty1W'iUfl1UU1J1J 1JJ1U6mT 

od 

il!111oUeli'11!l! n l'I n\11':iW 1Hfl nl'I11m1::H1rltl1:Ufhu.:jO.:jfff.Uf.U1W':i Un1l!l1UU U'YI 
" u 

utlmf lf1ufi1'Hl!f1i..r~m1l!ii~1l'hnu1024 ii~ ~1l!1l!limf~tlfl111JUl1f1gl!l1ff.:jPs = 13 11fl:: 
. . . 

~1l!1l!f1111JUl1f1i)l!llff.:jii1H Ph =171m:: 31 ~l1JCh~u 
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10-4
,....-----r-----r---ooor-----r----,----r----, 

~Ph=\7: · . 
10-6 .. -a:- Ph ..~.~.~.~=31 .: ........:..... ';"'i-:~'~.'e.~~~7e.e:4.~ ..
 

10-8
C? 
w 
~ 
CD -10 • . . . .....................................
~ 10 ........: . . . .
 .... 
e 
Q; 

iii 10-12 ....
 

10-14 · . . . . .
. . .. .. ..... · . . . . . 

10-161....-__~__...L-__-L..__.....L-__..........__--L.__--1 

5 10 15 20 25 30 35 40 
Number of Users 

. .. 
do ..d q. 

'V11)lU1UfnllJUl1f1(lUllff,I'V111\l Ph = 17 ,3\ 

1)1fln.l~ 5.1 l~mm'IJtI\lthtrfl'jlH~'VW1~iJfl~tI~lU1Umc»'Uifll'j~~lU1Ufl11lJU11f1~U 
~ ~ 

Ilff\l~11\1 ~\I'Vl'U111~tI~lU1Ufl11lJU11f1~Ullff\l~11\1nfhlJ1fl~U1)lfl Ph = 17 I~U 3I tilUfl'jl 
. . " 

ijfl~~'Vlm~ntil (l~(l\lflllJ i 1M'1Ul1itl~lU1u~H'Uifll'j IVllJ~U 1111Mffl1J1'jm tI\li''U mc»'Uifll'j 1¢)' 
" " 

~ ~ 

"" '" lJlfl'IJUUUW\I 
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~oo:::::!cSQJ q'iJ t! 
5.2.2 llItlfllU~tl..HJqJqJ1W·nJn1\mUU UJlUtlUi.1' 

" - . 
iUl11,rtliM1Ufll'.i~'ill'.iWnICHn'.i11fl'.i1::l1'I;jtlfhU~ii~tlUlUllW'.iUfll'UllUU ih1'w'mnf u u 

1~1If\1'I1U~ il1'~lU1lJ'Ufll'YhflU 1024 iifl ~1'U1lJ'W'Hffitlfl11lJlIl1f1~'Ullff P. =13 1';'Ul~1I1flU~ 
, I I " 

111,rtll1Ul:1'1 ~lCh'U~1'U1'UfI11lJlIl1f1~'UUff~111H Ph =31 lIfii'U111,rtlih)::11l'Ufll'.i~'ill'.iWlii~ 

tlUlUllW'.i'IJfl1'UUU'IJ ihn.1'tlmf l,rl,,jim::'IJ'IJ
u u 

'illf1'.i,j~ 5.2 11lWHlfll'.i1mlI'IJll1l1'Ufl1Vfl'.i lfi~'Wcn~iiflfitl~lU1'Um~'IJi fll'.i lrt6.. ..
 
~'ill'.i WlUCl:: '1.i~'ill'.iW lii~tlUlUllW 1'IJfl1'UU'IJ'IJ ihn.1'611ff l,rl ',jim::'IJ'IJ ~~'W'IJ':htrt6~'ill'.iW 1 

u u . " . 
il~ tltlltlllW '.i 'IJfl1'UU'IJ'IJ 1J'Yn.1'611ff fiTe)fl'.iliiflfi~'Wcn~]jl~lJlJlfl;;'UlJlfl lij61m lI'IJll1l1'IJfl'lJ'.i ::'IJ'IJ 

d", .",,,... d ~ a " ". 'I " ~ "i"'" i "" 'YI !lJ !1'l.... 'ill'.iWltl~fftlltlllUl'.i'IJfl1'U1l'IJ'IJ 'IJ'YI'Utlllff 'YIlll1ffl1Jl'.im6~'.i'IJfj 'If'lJ'.ifll'.i ~'UtlUCl~flllJ 

',j~1u,f'Um~ 

1010 
::;:;;;;;;; ;'; ; ; ; ; ; ; : ; , ; .:: ; ; ; : : ; ; ; ; ; ; ;; ; ; : ; ; ; ; ; ; ; :'; ; ; ; ; ; : ; ; ; ; ; : ; ; ; ; : ; ; ; : ; ; ;:; ; ; ; ; ; ; ; ; ; : ;: 
.... : : : : : : : :-: : : . : : .... - .. : : : : : : : : : : : ~ : : : : : : : : : : : :-: : : : : : : : : : : : : : : : : : : : : : : : :.: : : : : : : : : : : : . 

. . . . . . . ~ '. . . . .- , 

.:: :.::-::: ::::::: ::::: ::::: :;"::::: :::: ::: ­.................................
 
. .. - . 

:;: ::::::::::::: :::::::--e-- Without Beat noise: :: 

>',' """"" --e-- INith Beat noise 
........ ::::: .:: ::: :::::::. _." - .. 

..... . . . ..: : : : .
 
... . 

-15 : 
: : ::: :: :. :: : : : :: :. : : :: ~ : : :: :: :: : : : :: : :: :::; : :: :: : :: :: :: : : : :: ~ :: :: ; : :: :: :: :: :: :: :: ::::: :: : : : . - . . . . . . . . . . . . . . . . . . .10 ,"" ",'<"""" --_ ..... - .... , - - ::::: ::: :::::::::: :;.::::: ::: ... ................ - _.
 

10-16'--__-----'--__----I. ..L-__----L-__----l ----L-__---l 

5 10 15 20 25 30 35 40 
Number of Users 

'j,j~ 5.2 NCl"'tl~m'.i1mU'lJlnll'Ufhrrm lfifl....Cllfliifl fitl~1'U1'U~i.w'IJifll'.i Irt6~'ill'.i UI 1.. .. 
, I~ d QI od " tI 

UCl~ lJ .... lll'.i UI ltl~ffqJty lUI '.i 'IJ fl1'U 1l'IJ'IJ 'IJ'YI'Utlllff 
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, ~ IV '" 5.3 Ha'lltHfll1tTfJtTll1l'Hlllt'l~fll't1'U1-3l1nl~t)'i~'U'U 

1'U O1111fl'n::M~Cl'lltl'Ul11ffvtn1Jl1.mm::tl1l1'1.hmCll~tl1::1J'U 1 ~(Ill,j'l 011 -n1l11W 1 

tltl m r1'U fftl'l t11'U 1'1i'U 1~ V1 o'U 'I11,j'tl~1l1l1 t)tl 01111fl1 1::M~Cl"tI '1t111ffVffl1Jl1 1111Cl:: fll't1 U1'111Cll 

d " "U'U'U 'U'YI'UtlVff 

~ "4"'044 Q"IV tl
5.3.1 Hllfl1nlfl'il~'t1ll1t)IlIfll'U-30-3tTtyqpOl'i'Ufl1'U1I'U'U ummfJtT 

~ . 
1'U'I11,j'tlih1l'U011 -n1l11W 1~ClO11 11fl11::M1UtI'lithi1'10'lffWuntu1'U01'UU'U'U ij'YI

u u 

UtlVff 1~vfillf'U~1M~1'U1'Uii~l't;'o'U 1024 ii" ~1'U1'U'WClfffitlfl111JVl1flg'UUff'lP.. =13 llCl:: . . 
~1'U1'Ufl111JVl1fl~'UUff'lii'.h'l Ph = ] 7 llCl:: 3] 9l11J~h~1J 

111m U~ 5.3 IrI'U~Cl"tI'I011 1lml::Mt111ffVffl1Jl1 mdtlLlithi1'10'lffWW1W1'UO'J'U 
" u u 

U1J'U ij'YIUtlVff eJ1'1'Vl'U'hdtl~1'U1'Ufl111JVl1flg'UUff'l~1Hiifll1Jl0~'UlIl0 Ph =]7 l11'U 3] fll 

1ffVffl1J1H)iifll1~1J1Jl0~'Ufl11JLU,)'1V1~viifll1ffVffl1Jl1()~'1~1l~tI~~offer load U1::1J1W 30 

UCl::u'I'Vl'U,:hii offer load ~lCl fll1ffVffl1Jl1Uiiflm;,O'U ~'11U~ 5.3 1I::tlu1'U'li1'1 offer load 
I "" 

1.8 ""',." .. ".:'".,., .. ,"',.: , ,' ".. "G--.o : : ". 
.. . · . . . . . . 

.............. ~ ; ,,~ ~ " ~ ·X ~ , ~ " iL 

: : 0 : &: -EJ. :Ph = 17 : 
IA .............. ~ ; ../ "S' 4········ .~ ~ ~ .. ~ '~'31"""': 

: :0 JiY': \: -f) :Ph : 

:J 
1.2 

··············I···········f,{···········I···~<O\ •••••• ••••••••:••••••••••••••••::s 
.c 
0. 

· W. . .. . .2 
.c

OIl

0.8 .............. j..• ~•......... : , i [] ~ ., ! !

f­

:r : : \ : :0.6 .......... ','"~ ~ "" ~" ~ "\'"., "". ~''''''''''''''':
 

· . . . . .· . . . . . 
O. • •••••••••••• ~ ••••••••••••••• ~ ••••••••••••••• ~ ••••••••••••••• ~ •••• '00 •••••• ~ ••••••••••••••• : 

. : : : : ~ .~: : 
0.2 ......jJ : : : ······:·········b.:···············f 

0 10 20 30 40 50 60 

Offer Load (G) 

~1.J~ 5.3 HCl"tl'lfll1ffVffl1Jl1Ufitlfll offer load ~~1'U1'Ufl111JVl1flg'Ullff'l~11'1Ph =]7 , 3] 

ldtILli-nll11un0 'Ifftyqplll11J01'Uij'YI'UtlVff 
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'illf)n.l~ 5.4 11'llJfH'l"tl~f)l111f111~Mrll'l1lh~l1rnlrltll~rhi1~f)~5rurulru1'lJ o11..1 1l'lJ 'lJ 'lj'Yl.. " " 

-JfltJff ~~vnrhdtl~llJ1lJfI11lJtJ11f1~lJllff~~11~ij~nl1f);fml1f) Ph =17 11'11..1 31 rll'l11.h~ 
• I ". 

l1Cl1ijfh~~-JtltJMlIllJhM'1tJ1I~::rh'l1lh~l1cnl~lJijrlll'nlJlJ1f).ulJliotTer load '1.h::lJ1tu 35 u9i 

tllh~i1 fi1l1lJ~~llJ1lJfI11lJtJl1f1~lJIHH~11~~ Ph = 31 U'1fI~rlrll-JtltJf)11 Ph =17 Irlfl otTer 
" . 

load ijrlllJ1f).ulJ~'JnJli 5.4.. 

55504530 35 4025 

-£I. Ph =17 

-e. p~=3 

201510 

arer I...cOO (G) 

~t.I~ 5.4 F-m"tl~'I1111'Jl1rn,jtlrhotTer load ~~llJ1lJfl11lJtJl1fl~lJllff'J~1H Ph = 17 , 31 

ldtJ l~fi'il11 tU If)'JfftytyltU1'lJ01u'lj'YllJtJtJiY 
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4 d'4 o L":!:<::!u	 .t:::tlJ,l r! 
5.3.2 HtlIlY.i1lml:::1111ltltllll..:ltl·UHyqlltlnufl1lUlUU Ul1llt)[Hl 

, 'U lhU'vifl~'U fll'j ~ 'i)17 Wlfm fll'j 11ml:::MlrlVl'ilU.:J{;.rii'tyqjlW'j Ufl1'UUUU Ul1UVUff 

l~unl'H'U~'»~1'U1'Uii91l't'hnu 1024 U91 ~1'U1'U~'HY9iVf11l]JU11f1~'UmH Ps = 13 llCl:::~1'U1'U . . 
f11l]JU11f1~'Ullff.:Jii1H Ph =17 1I1]J"1~U 

'i)lmU~ 5.5 l~'Ufll'jI'm uUliiuUfolCl'\JV.:Jt;'1ffUffl1JlHllrlV~'i)17WlUCl:::lrlV '1i~'i)l'jW 1 
'"	 . . 

.cS' OJ	 d'j/d'4 '4~ .cS' OJ d 

fHfolCl'\JV.:JfftytylW'j Ufl1'UUUU Ul1'UVUff 9f.:J'VlU1l1]JV'Vl'i)17 WlfI.:JfolClfftytylW m fl1'UUUU Ul1 

UVUff 1l~1fh1ffUffl]J1HI]jfilCl~Cl.:J1Jlfl mjHhn91l]J~'i)lmuiJ.:J'VlU1l~ offer load I't'hnu 30 fil 
'" 

1ffUffl]J1HI]jfil1Jlfl~tl~ l~u~lrlv hj~'i)l'jWl{;.:J'i)::: '~fil1ffUffl1JlHll.h:::1JlW ].39 UCl:::~"nWl 

{;.:JfftytylWmfl1'UUUu U't'lUvuff,,:::'~filiffUffl1JlHIU'j:::1JlW0.6 

.............. : : 'I:i .-t;l : : :
 

:	 : ~J'<Vlse:I:: :.: ~ : \ I :v~ - With~r' "'t-:··············i··············J·············;····· ·.. ····~·~··ii·thO¥Beai·~· i 

··············.······~l·.···············.········~~··· •...............•...............•
 
;:l -
0­ ................./ .........•...............•.............~[ :...............•
 ..c 
tlJl 
;:l 
o... 

..c . j- : ;JlI.. O-Q :\ : :f ­

[]:	 i G i .\ i 0 i jr
·········/··i······;?···:···············j·············Oi····\········;···············; 

. ~.: : :\ Q: : 
o	 ·····t··():···············i···············~···············:····~·,~··i···············i 

: : : : .. ~.~ : 
o 10 20 30 40 50 

Offer Lood (G) 

itl~ 5.5 folClfll'j 1muuliiuufiliffUffl]Jnm:':lf11.:JlrlV~\Il'jf,1l1UCl:::lrlV '1i~"1'j Wl 

OJ	 d 'j/ d' 

folCl'\JV.:JfftytylW mfl1'UllUU U't'l'UVUff 
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.............................· · 

: 

· .... 

5 

· 

\llm U~ 5.6 l1h.J f)l'Hm U'lJlnUll~Cl'\JU.:I~l11lhm'lllrlU-n\lTHU 1UCl~ IrlU1li-n\lTHU10.:1.. 
Q,I d " 0' & I A Q" .o=:S' Q,I d " 0' 

~Cl'\JU.:I fftyty1f.U 1 'IJ mUII'IJ'IJ 'IJ'YIU UUff "II.:I'Vl'lJ11111U'Vl\l11 f.U1m ~Clfftyty1f.U1 'IJ mUll 'IJ'IJ 'IJ'YIUUUff 
, J/ " , 

uci'1fl111lh.:ll1Cl1iithl-n1l1Jlfl~U hWn\llfl~UU.:l'Vl'IJ':hn offer load I'vhti'IJ 30 fl111lh.:ll1Cl1lillii 

I ~ d" 

f111'Vl1l1Jlfl'lfl'l1U 

- - . . . . . . . . . . . . . . . . . 
: : : : ~ ~ ,: ~ i 
.. ..'.... 

....... :- .: -: .; :. :. ~ ; .:
 

i: . ~ r I : ~ i 
.. .. .. 
:: : .: . . : : ........ ; : : {.J j j j.
 

· . 
. ... .. . f . . .

--0 - Wlth BeatNoise:: :::.............. .;
· 

.;
. 

;. :- ..J :- ; ; ;

--tJ - Without Beat Noise : : : : : : 

· . . ... . . . . 

I I . . . . . . . . . . .
.•.. ..... ..•.. .......•..... ....•... ······~·;>.i····· .......•.........•.........:
 

·F·G··~.. ;·~O .. ~ .. ,~ .... ~·:···· .. · .. ·:--- .. ·.. ·~ .... ··· .. >· ...... ~ 
. . -...~e- 13 -e . []o;- 0 -.:::r­

10 15 20 25 30 35 40 45 50 55 60 
OtTer Load (G) 

~U~ 5.6 ~Clfll11m U'IJ In U'IJ fl 111lh.:l l1Cl1n11':i1.:1lnU-n\l11f.U 1UCl:;lrlU 'U-n\l11W1 

QI d 'J/ 0' 

f-lCl'\JU.:Iffruru1W1'IJ mUII'IJ'IJ 'IJ'YIUUUff 
" " 

111flf-lCl fll111m1:;l1U1 :;ff'YIt.fll'VlI~.:IHl'\J'\JU.:I1:;'IJ'IJ 1'IU'~-n1111 W10.:lUfI1lU9Iii'l'VlCl1'1 

fl11€YUff11111f1 UCl:; fl 111 111.:1 11Cl1'\J U.:Ifll1U11tllfll11'li'11'HffU 'IJ'IJffU.:Inff'Yl1.:1 (2-D code) 'IJ'IJUU'W~­

fItlCl~~itgllIU'lJU1m .:I,hu WDM ~.:I11:;-nllnf.U1il.:l€Yruru1f.U1'IJmUII'IJ'IJihl'WUUff 'Vl'IJ11€Yruru1W 
u u u u 

1 'IJmuII'IJ1I ij 'YI'WUUff ii f-l Cl1Jl fl fi U1:;11'IJ 'V'h1..rU1:; ff'YI t.fll'Vl Cl'l Cl.:l1Jl1Jlfl 
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.,; 
U't1't1 6 

6.lU'YIlh 

.d J~ 'jI ~ ~ • .d 0' I doQJ AoQ 0 

U'YI'YI 6 lUlJlAU'YIty~'YIlti 'If'! '0:: IlJ lA fll'H)flnfl'lU'YIff~tlllfl::1'i1l'WFmfl1'l'l 'YIlfl~'\JlAUJtllJllm 

~fl'\Jtl'lfhtl1:: ff'YI i .fll'VHIfl:: ffm1fllA::'\J tl'lfll1U1Im1::Um::UUtltl~~fltlfl;~lglJltlJJl11 lJOlAUlA 

1m '1,j1tl WDM IrttlVi'il11 w1fi'1fll11'1i'1111ffIlUU 2-D IIfl::U'InlJ'tlfi'l11tyty1W1Ufl1lAIIUUtj'YI .... 
Utlmy (Beat noise) IIfl::1lAfll11~tlflf'li1H; MAC hll1'Y1fltlflIlUU~lJ (Random access MAC .. 
control protocols) 1~tI'iI::flrinfi'l1lA111'1i'{)[i~~tl 'tl~'1i1 

1::UU CDMA tlfl~H1m ::UU~tlff1mUUlfl~tllA~lIfl::1::UUfll1~tlff11~111litllJ 1~tln'li'tl~ 

flH~nfl11lJtlfltl~.ntlff 'I IIfl::nUfl11fllHY'I'Ii'tllJflff'I ~tlJJli'l ,~nfllnil1~tl1~tlU11 ::uu CDMA 
~ ~ ~ 

1 "1 .,j." 1 ". oJ ~ "''' ,,~ '" '_1 . "" JJl 'if m::UUfll1fftlff11~llAlfflA tlllfl1lJlllff'l 'If'lu'il~UlA l~lJflln'l\PJJlA1 uJJlfl ff1lnU lAfll1 

1~tlflf'lif'~1Im1::,"fi'lfll1U11tl1fll11'1i'lfi'lIlUU CDMA JJl1~UlA1m'l,j1tl WDM lIfl::U'I 

... .,.'" 11" 'j) Q.l1" 'j/~ l.deLI

'Vl'il11W1f:l'lfftyty1W1Ufl1lAIIUU Beat ~tI 'lffll11'\J1HfffIlUU 2-D lIfl::tI'I 'lffll11'\J1fl'lIlUUtylJtlfl 

~1t1 1~tI' ~Vi 'il1Hll1tltl flJJllfllA1lA!tl'\Jtl'l fh111t1ff1lJ11 fI finnj1'111fll IIfl::UfI'i 1UfI r:l~'Vlfll~ 

'\Jtl'll::UU 
I , ,," 

Q o'oQQ.I 14Q .dl 40 .a ..:tl.dl .dl 

'il1fl fll111fl11:: If l'if 'I fl11fl '\J 'VlU11llJtl'Vl '011W1fI 'I IlJtl 'il1'U1lAm1lJtll1fl fl'UlIff '1'Y111'l lJ fl1 JJl fl'\JlA 
.. 

'YIl·1"In::UUff1JJl1f1ltl'llU'il1lA1lAH"'. "1""lfmfl11... ' ''.,.~lJfl'\J'U 
~ 

A oQ o'.dl I Q Q.I • J. 0 4..d I .d I J 
IIfl::llJtl1lm1::If fI 'I fll1fftlff1lJ 11 fI 'VlU11llJtl 'il1'U1lAm1lJ tl11fl fllA IIff 'I 'YI11'llJ fl1JJl fl'\J 'U . . .. 

l~tllilijtl nUfl11UflUtl'lfl '1ih1M'fl~~llA1lA fllHY'1'1i'm,j fl'lh .. 
(Retransmission) fl~fl'lfl1lJ' tl~1t1 ih1M'fi1lfU1'1l1fl11lAfll1 ff'llJflUtltlfl'lU'lAltl'l 

~ 

lI~tlU1'lh ~fl1JJlrttlVi'il11W 1fi'l11tyty1W1Ufl1'UIIUU tj'YIUtltlff 1'li'11tl~1t1 fi1Ufl11Uflr:l~'Vlfll~ 

mrunfhl'~ lJJJl fl~lA JJl fl Irtmmtl1JIli tluom::uu~i~'~Vi'il11W1fi'l11f:IJUnW 1Ufl1'UIIUU tj'YI 

" .. • 1 " '" "1"... 1 " " • 1" • ... '" ~ i-I"lAtltlff 'YIl lfff1lJ11flltl'llUrj "lfmfll1 ~'Utltlfl'l 'YI1 lffll1fftlff1lJ11flfl~fl1fl'lfl1lJ u~1t1 11fl:: 
,'JI '" I JI 

lijtlfi1Ufl11Uflr:l~'Vlfl~JJlfl~lA fi1111t1ff1lJ11f1fl~fl'l ih1M'fl11ff'1'1i'tllJfl'lh IVilJ~lA f11lJ 'tl~1t1 i'l 

. """ 
~ . 

ih1M'fi1lfU1'111fl11lA011 ff'l lJmVilJ JJlfl~'U JJl OU'lAItl'I ~'1U''U 'il1flHflfll11Im1::~'iI10li i ~Ori11 .. ~ 

JJlIIc1'1U''U 'VlU,hiijtlVi'011till fi'l 11ty t1! 1flI1Ufl1 'U lIUU tj 'YIU tl tI ff 'VlU'h11tyty1W1Ufl1lA IIUU tj 'YI 

" <Ie:! I 0 9 "_1 oQ ~ 
'U tltlff lJHflJJlflfl tl1::UU 'YI1 Ilfu1 ::ff'YI'6 m'Vlfl~fl'IJJlJJl 0 
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!I
6.3 'UUl1;YlHllll-l:: 

1m::1J1J~'tJtYl'j CDMA tJ'Ulffl-l111un111111tY.nil-l tYl'jlllHl111 hh.b::Qfl~l17''tJli~'l-IlI~'tJ1~ 

1wl1mh~'l '~lJlfllJl{/ l~llI11'Vil::'IJ'tJ~ Fiber-To-The-Home (FTTH) ll"::U~tYllll'jm'tJ~ftJfll'j 

~'tJtYl'j '~l1"lll'jUlltJtJ'1i''hll::I1'1l-1 fll'j~'tJtYlmtJtJ Real-Time l17'vfm ~vtYl'j,jtJ1mlltJtJ~v 
~ ~ 

" .. 
lh::tYl'j (Multimedia) ~H'l 1~llfll'j11illflf~ihlll-lfll'j111mlfl1'jl,jl{i~lltJtJ CDMA 1J11~1JlJ 

lflH'Ihll WDM 1~llYi1l1Hl.l1{i~tYWW1W'jtJfl1l-111tJtJihn!vlltY 
" " 

l!v fl1l1 fll11rltJI'j l'mltJ''hfftytyitu 'jtJfl1l-111tJtJ ihnYvlltY 11ll-l tYtytylW 'j tJ fl1l-1 ~iiN"lllfl~V 
J/ , '" t • 

'j :::tJtJ U'U ~1111111fl1111'htll'U fftytyltu 'jtJ fl1'Ullffltltylll fl ~~U'U1VltJIYi llU 'j::: Ul1iftl'Vi 1,r'j::tJtJ 
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Abstract- We present the comparison of CDMA MAC 
protocol with and without beat noise by using 2-D optical CDMA 
MAC protocol over WDM networks. We use the asymmetric 
prime-hop sequence code. Moreover, we analyse the effect of the 
number of available wavelengths in terms of average number of 
attempted to transmissions per time slot (offered load), and beat 
noise is considered. The presented numerical results based on the 
throughput and delay time versus the offered load. We divide 
iiUo two parts. The first one, we consider the effed of the number 
of available wavelengths. Another is the effect of with and 
without beat noise in the 2-D OCDMA over WDM systems. 

I. INTRODUCfJON 

In the middle of 80's, OCOMA (Optical code division 
multiple access) has been widely developed as high-optical 
communication network systems, where encoding and 
decoding are all performed in optical domain [1-2]. The 
advantageous function of the optical COMA is the fact that it 
lets each user to access the network asynchronously and 
simultaneously without strict wavelength controls and timing 
synchronizations, but other systems needed such as in the case 
of wavelength division multiple access (WOMA) and time 
division multiple access (IDMA), respectively. In addition, 
optical COMA local area networks allow shared access to a 
broadcast medium. However, the OCOMA has interference 
occur when the number of codeword are assigned increasing, 
call multiple access interference (MAl). 

Especially, OCOMA will be operated on Ethernet passive 
optical networks (EPON) because of the EPON architecture is 
the key function in local area network (LAN). Moreover, it 
also can be upgradeable to Gigabit Ethernet and 10 Gigabit 
Ethernet, respectively, and in the future; when OCOMA are 
used on EPON, the capacity and bandwidth will increase [3-4]. 

In addition, many papers propose and focus on the physical 
layer of COMA network [1-2,6-7]; however, few papers have 
considered the MAC protocol with beat noise. Therefore, this 
article, we present the comparison of OCOMA MAC protocol 
with and without beat noise by using 2-0 optical COMA over 
WOM networks and asymmetric prime-hop sequence code is 
used. The family of asymmetric prime-hop sequence code has 

PJ (Ph -I) of length P; and each code had Hamming weight 

PJ (prime number). At the source, tunable laser (or laser 

arrays) and tunable fiber delay-lines used to select the pulse 
wavelength and time position. Therefore, passive network of 
matched delay lines and corresponding optical filters required 
at the receiver. 

This paper is organized as follows. In section II, the 
network model description is discussed, and the performance 
of 2-0 asymmetric prime-hop sequence optical COMA code 
over WOM networks is presented. In section III, the numerical 
results of the performance are reported with based on 
throughput and delay time. Finally, we give concluding in 
section IV. 

II. PERFORMANCE ANALYSIS 

A. Network Model 
In figure I, the network consists of a basic OCOMA, which 

the users are assigned with different optical code and share 
common transmission medium. The coding can be perfonned 
on to I-dimension (1-0) either in time domain, or frequency 
domain, or performed on to 2-dimension (2-0) in both 
frequency and time domains simultaneously. 

However, we focus on OCOMA over WOM PON networks. 
On each WOM grid A,,(n = I, ...,N), not a single channel, and 
M simultaneous users can be accommodated by individually 
assigning each user with a different code. Therefore, the total 
capacity ofOCOMA over WOM PON becomes N times when 
compare with WOM PON. Moreover, we use 2-0 coding, and 
the signals are transmitted over WOM channels [3-4]. The 
OCOMA over WOM PON is presented in figure I. 

Figure I. Optical CDMA network over WDM. 

B. 2- D Optical CDMA Code 
This article, we limit our analysis to OCOMA network that 

we use the asymmetric prime-hop sequence described by 
Tancevski et al. [5]. The advantages of 2-0 codes in this 
family have low cross-correlations, nonexistent 

. ECTI-CON 2007
 
The 2007 ECTI International Conference
 

627 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



autocorrelation side lobes and large cardinalities. Hence, the 
bits error rate of asymmetrical prime-hop sequence with beat 
noise is given by [5J 

Where Q(x) is Q function, given by 

I <OJ 2Q(x) = - exp(-y /2)dy (2)
2Jr 

x 

and 

(Jl~) = _1_[(Ph -I) (Ps -I)(ps - 2)+(Ph -2) 
2

(;:) Ps-I Ph­
(3) 

+(Ph -I) Ps(Ps -I)]
 
Ps Ph- 2
 

is the average number of wavelengths common to any pairs 
of asymmetrical prime-hop sequences. 
Hence, 

P (prime code) is the number of pulses per wavelengths s 

Ph (prime code) is the number of available wavelengths 

Pc is optical power of crosstalk pulse 

Pd is optical power of bits data pulse
 

D is the threshold level
 

However, when consider the limiting case of negligible beat 
noise, i.e., all noise sources are neglected. This means that 
SNR is infinite [7]. Therefore, for positive signals of the term 
of Q function is zero in (I), and when the signals is negative 

Q function is I (in the case of when bit "0" is transmitted and 

j becomes greater than the threshold, we got (} = PsPdD). We 

give the total probability of error when neglected beat noise, is 
[5J 

(4) 

Additionally, the asymmetrical prime-hop sequences have a 

length in a time domain of P; chips and can be supported a 

maximum of Ps(Ph -1) simultaneous users. 

C. MACprotocolAnalysis 
We use the synchronous and random-access protocol for 

scheduling packets which is the length of a slot corresponds to 
L bits. A number of packets from many sources can be 
transmitted over the optical fiber in a single slot. 

Moreover, some ofthe packets arrive at the receiver with bit 
errors because multiple-access interference (MAl) occurred by 
m simultaneous users increasing. We let Perror(m) be the 
probability of a bit error when there are m simultaneous 
transmissions on the channel. The characteristics of Perror(m) 
will depend upon the size, weight and family of the OCDMA 
code under consideration. Therefore, the probability of 
receiving a packet will occur without errors when m 
simultaneous transmissions on the channel are given by [7]. 

(5) 

and the condition of receiving a correct packet is 

However, with suitable error-detection capability, at the 
receiver can detect and determine if one or more errors have 
occurred in the packets. For simplicity, the overhead required 
of error-detection is not considered. In a broadcast network, 
the sender can independently determine the success or failure 
of the transmission and queue the packet for retransmission 
after a random delay in the buffer. 

From according above, we let M be a random variable that 
represents the number of simultaneous in a time slot. 
Therefore, the conditional distribution of the number of 
successfully received packets S is 

p[S = s 1M = mJ = (7)pc~recr(m)[I- pcorrec/(m)r-S (7) 

The steady-state throughput can be shown in equation (8). 

'" 
P=E[SJ =E[E[S IMJ] = LmPcorrec,(m)!m(m) (8) 

m=l 
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Where fm(m) is the steady-state probability distribution of 
composite arrivals, which include new and retransmission 
packets in queue. In this article, we assume that the composite 
arrival distribution is Poisson arrival with rate A. 

(9) 

Here, T is the temporal length of the packet. 
Additionally, the choice of arrival distribution corresponds 

to an infinite user population. Giving y == AT to be the offered 
load (average number of attempted transmissions per time 
slot), so the throughput becomes 

(10) 

Then, the delay measured in the average number of retrans­
missions per packet, given by [6] 

d=-Y­	(II)
P-I 

III. NUMERICAL RESULTS 

In this section, we present the numerical results of aCOMA 
over WOM systems with and without beat noise. The 

asymmetric prime-hop code used with aCOMA chip-rates P; , 
packets lengths set to L =1024 bits and set P, =13 . The 

results are shown two parts. The first one, we consider the 
effect of the number of available wavelengths(ph)' figure 2 

and 3. Another is the effect of the comparison of aCOMA 
MAC protocol with and without beat noise when using the 2­
o aCOMA over WOM systems, figure 4 and 5. However, it is 
based on throughput (P) and delay time (d) versus offered 

load (G) . 
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Figure 2. Throughput versus offered load with Ph = 17 , 31 
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Figure 3. Delay time versus offered load with Ph = 17 , 31 
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Figure 4. Throughput versus offered load with and without beat noise 
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Figure 5. Delay time versus offered load with and without beat noise 

Figure 2 compares the throughput versus offered load of 
aCOMA systems occurred without beat noise with P, = 13 , 

Ph = 17 and Ph = 31 (the available wavelengths), 

respectively. 
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We can see that the curves of throughput are parallel, but 
when a number of available wavelengths ( Ph) increased, 

throughput increases. 
Figure 3 plots the delay time as a function of the offered 

load for difference the number of available wavelengths ( Ph) 

of aCOMA systems without beat noise. We set, again, 
the Ps = 13, Ph = 17 and Ph = 31, respectively. It is shown 

that the delay time start to increase at the offered load around 
35-40 and then increases exponentially with the offered load. 
Additionally, the delay time decrease when the ,number of 
available wavelengths ( Ph ) increased. 

Figure 4 shows the throughput with and without the beat 
noise versus offered load of aCOMA systems with Ps = 13 

and the available wavelengths Ph = 17 , respectively. It can be 

seen that the curves of throughput of without beat noise higher 
than the throughput with beat noise. Moreover, it clears that 
beat noise strongly affects the system performance and 
decreases the amount ofsimultaneous users. 

Figure 5 plots the delay time as a function of the offered 
load for difference the number of available wavelengths ( Ph ) 

with and without beat noise. It is shown that the delay time 
start to increase at the offered load around 30-35 and then 
increases exponentially with the offered load. These means 
that beat noise has more effect in aCOMA system. Therefore, 
the beat noise is a vel)' big problem and also is a big challenge 
how to reduce the beat noise effect in aCOMA systems. 

IV. CONCLUSION 

We propose performance evaluation of COMA MAC 
protocol with and without beat noise by using 2-D optical 
COMA over WOM networks. We use the asymmetric prime­
hop sequence code. Moreover, we observe the effects of a 
number of available wavelengths in terms of average number 
of attempting to transmit per time slot (offered load), and also 
beat noise in system is considered. The presented numerical 

i ' • ,~ 

'" '~'("C .J~' ~;l, 
~ r'h' ;~f;-.J~ , .­

~,~ "7tc1 

res~lts based on the thr'" ~~ de~ ~ t~e versus the 
offered load. The results;the..be'~.-.tlse and prime 
code number has more effect' ~MtlMYstem. Therefore, 
the beat noise is a vel)' big problem and challenges to 
researcher who would like to reduce the beat noise effect in 
aCOMA systems. 
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