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ABSTRACT

This thesis studies performance of optical modulation scheme such as On-Off Keying,
Pulse Position Modulation, Binary Pulse Position Modulation, Multi-pulse Pulse Position
Modulation, Overlapping Pulse Position Modulation and Differential Pulse Position Modulation
in Additive White Gaussian Noise (AWGN) and Poisson Channel. Each optical modulation and
their bit error probability are designed with MATLAB. Results show a bit error probability and
average photons per slot in Poisson channel or signal to noise ratio in AWGN channel. The
comparison between each optical modulation scheme is done on throughput and the number of
slots. Results show that developed techniques reduce the bit error probability more than that of
original modulation technique. Moreover, Convolution Codes is combined with each optical
modulation scheme. In order to improve system bit error rate, their performance depends on
generator matrix, code rate and constraint length. Besides, the 4-level Photon Communication is
studied and developed to a new modulation format called 4-level Photon Communication with
Binary Pulse Position Modulation (BPPM). Two decision formats, estimation method and
calculation method are proposed. Furthermore, the three techniques are utilized in combination
with Convolution Codes. Hence, 2-level Photon Communication with BPPM, 4-level Photon
Communication with BPPM and Punctured Convolution Codes with increasing a photon level are
proposed. Results shown that each technique improves the bit error probability. Finally, it is
concluded that 4-level Photon Communication with BPPM techniques reduce the bit error rate

with better performance than without BPPM.
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f. Linear congruential algorithm
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x2 = +/— 207 In(ul) sin(27m2) (2.12)
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x1 = cos(@)y - 252 In(S) (2.17)
x2 =sin()y- 20 In(S) (2.18)
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¥
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Tugrannan [04] #io np 9INAURALYEIEATINMIIAAYDIMAMTATA WAL A AoTunfi Ay
a’mmmqmmﬁﬂumﬁiuﬁlﬁﬂﬁy Tuan [0, 4 Haumin At Saeunsoagy1a At=np

Erimmuald 7 — oo 1fufle 6 — 0 Az p — 0 Iavh At=np Wumnsiinasanm
ﬁqffumiﬂsmwuuu"lniuaﬁuav:ﬁuuﬂﬁud:%ﬁmsﬂizmuuuui‘]aﬁ'«umﬁﬁmmﬁmﬁﬁu
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sUiuumsnszrwiladaes (Poisson  distribution) lﬂugﬂuuumsni:muﬁ‘l%ﬁmi"u
sanlsguhieriles (Discrete) FaiitiuuvesaumsduiladFuiifdnyazuvudnd Tlua
Guadail

YR

2t =1+t —+—+ (2.19)
213!

amnsom Iidugduuumsduuuyhideiios (Discrete random variable) Tnsmsniday e*

x ) v
N0 19voIaums 32 14

2 3

l=e™* + 2™ +/1—e‘* g (2.20)
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GRIGRIVRTY,
L S N .
A L Tl L W MY e W R (2.21)

l=—=e
o 1! 2! 3!

A o o &’ S Y =] v 3 o 1
ionaswvesilafdunianuaiisuiiy 1 uazyaauiluawon aunsaagdldiuiumnam

' = | o 1w
WzduvesiedFudaiiaumena luminy
A.I » 4
P(X =x)="-e¢ Taoh x=0,12,3,.. (222)

ATEUIUMIUTUADNAIANNITEUNIINTZVIUNTTId04 (Poisson Process)
fafFunnumniuveanuiieziilu (Probability Density Function: PDF) tyuilad

3
go3asan laninaunisae Uil

dF, (x)
dx

pPy(x)= (2.23)

1 1 c; 1 1 1 A g .
p o (x) Wumanminedluiidsx ogszndtax-dx 9 x ¥ezld Probability Density

Function M1

Fy(x)= [py(x)dx (2.24)
P(a<X <b)=Fy(b)- Fy(a)= [p,(x)dx (2.25)

di U 9 o ] 1 'd o dy
Woumuang 1 Funnumuninvosnnunsunuuiidaoenatl

k+e A'ke_/l
Prob(k) = [ p, (m)dm = - (2.26)
k—¢ 3

a 1 [ 4 :
nilanFuauisdunudneugnseeamsnsznouuuildreniusznl I

]
a 1

kY U 4 o A A ' = o ]
mqmuﬂuaammaumuﬂﬂﬂugﬂn 2.5 pauan 7\, gauInNnNI 12 EUANBUSNTAISINYN
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o a

adwiumsnsznonuugivesuiidlugdszaind dwanalugiin 2.6
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2.5.2.3 WMimeininyIvesunszneuuuthdres
wismesninvadestumanssnouuuihdyeniuieg 2 yiianoaAunty (Mean)
uazA1nuilssau (Variance)

' = P ) & A4 o
ﬂ']lﬂﬁ{ﬂlﬂqﬂ'ﬁﬂ'i$il'|Ull1J1Jﬂ?ﬁcﬁBQﬁWNTﬁﬂﬂ'l]lﬂi]’]ﬂﬁllﬂ'ﬁ (2.4) UUDUINN

ix - A ' Y
P(X =x)="e Tounumluaumsag1a
X

EX)= X xTe_ 5

asu 18 A unas (Mean) voamsnsznwnuyihdreadimniny A

' o 3 & A o
ﬂ'lﬂ’J'li.Il!‘]J'S‘]_]5'314‘1]?)»1ﬂ'l'iﬂ'i:‘ﬂ'lﬂllﬂﬁﬂ’]ﬁ“‘ﬁﬂﬂﬁ'lu'ﬁﬂﬂ'lvlﬂi'l'lﬂﬁnﬂ'l‘i (2.6) FAUUDUIN

x

P(x =x)=’%e"‘ Tunumluaunisesla
X:
o A-.\'l o0 X 2
var(X)=> x' Sye™ —( x—*e"‘] 220

aqll@drmanunlsusau (Variance) vosmsnszaruuuilidwesiinmiiiy A (14]

NN ITINeIAeg AnanannsaiinmssaimsnsznonuuilideesTasly
= o -f'l ° 3 ° o 4 & 1 w ¥
Tsunsuaeuinae o 14lumssiasmiinuvesszuudomsdsznanluiive

a1y

2.5.2.4 Mmyadrnnumimiuanuhezihnuuihdaes
v 1 ] 4 Ao w s ]

mMsadeanunuyeeanuvsiunuildresilianyuz i ud i squuuy
Tiaomtean1 17l amnsosiuiunia 14 1ngasa91nd@uN15U0aA Y Probability  Density
Function imiloufuauuezitunuumime uaasanImsfuaw lnverdensaeaua1an
o = =1 o 1 é - o o 1 =) o 9
dunSsufousua luaunts dildnvuzmsdnsegaeagduyuiomsfiiuan laoly
nuuuu1AuAs (Direct Method) uazmsunuy Iaudon (Reject Method) [9] (WD
il dmsunszuaumsaddyyinsununuuildreaazmsiuiiavealaoulu

o 1 o = o ' d. o o o = 1 A
Wﬁﬁ’llﬁﬁﬁﬁ?Iﬂ"lslfll3ﬂ']‘ilﬂﬂLlUUfJ'lﬁUﬂ'lmﬂUﬁ'IHi‘lJﬂ'l‘iHﬁuﬁfyﬂﬁﬂl!‘b’illf’fiilUUﬂ'N"] FIVTH

mseonuuumInageuluuni 4
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n. msasnlaglingquilaensa (Direct Method)
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msdnnTasldnged lasasnfuiumsinsaniiar A desnimieminiy - 12
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4 4 Al 1 :: 1 -)\- L] 1
dioanndiesr A a1 12 dume’ asliadosuinou liansodssanamlaslsunsy
E L4
1& dumpumsadnanuisstunuuihdyeailudail [9]
o fmuasiudu (m) 1y -1 mguisuduiAanansruumsguuuginesy
' ow ° 1 g = — A [T &
® Wiy 1 uazdmuannlglumsfssumsuimonyganisqua (g) ¥
1 o 1o .l
pinaumsanuizduuuuidyes vy e
L] ' = o 1 c; Y o a v .:E’ 1
e 1At nlSsususiua g Taghol t> g 915MMIINLATm YU 1 A
o shmsguaunlasnszusumsuuuginesu (Uniform Random) udanirly
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v, m3adnlaslingquilaudon (Reject Method)

o 9] o o A Y VoA ° Y a VA
msaan Iasdoudumssurauieud luai ldausesd v ldiinasna e
' » 1
anaswanauliasonia 18 lu Tusunsunouiames 35ms Tasdomniuez1¥iun A 7
1 -~ 1w d? ¢§ o [ o
vnndmdemiady 12 vu'll Fadnuazeeanisnszneaauildresszesnuilusdves

s¥alanndreiumsnsz UL [9]

2.6 MIHANAYY VT WA

maiiamskaudyyiudimiumsdomsiFuaaiinsuniduasangundnldun

= o

MAAMIHANTYIUIUUNTATIVTY TAYATA (Direct Detection) LAZINAUANTHAN YY1

[

1 o é o 1 o
HUV3IUTY (Coherent  Detection) 3amsasiniulagasuilumsdadygyiuludnyauz
[TUUA (Baseband Transmissions) Nnaoiuzitu 1”7 waz “0” dmSuuvasnutauas
(Optical Source) @iz iimsdeludnyazyeamsnseniuvvouawes “ia” uaz “Ua”

muddy draumsasavsunuuswniodumaiinmanandygyrafimifousunsiomsnly

< & o < 4 v o o a4 v
100 RF a0y Iinannssnunaiuvun (Front End) ﬁ‘lumﬁwﬂummﬁfgfgmmmm

fudwanadiuiinnn Local Oscillator Tnsmsnssiinisasasdunuysatis sxldnul

(Sensitivity) lumsasredudyanaiiganiuuumsns9iu Tavase
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¥ '
Mafy minszuuveuauduazAInT 19Uy INUTIIEIIMIATINTUMANNUTIVIL

(Instantaneous power) Aunaninsulaonsa [15]

o

msnaudyaauuunsas99u Tasasadyaa luuiwwegludnue e uaz

o

o yoedyanufinnds Feuoniennuuandnvesglivuvosnaudyyiu TasgUuuy
A lvesmsasandu Tavasenzilunsnaudyg sy Pulse Code Modulation (PCM)

#1951 NRZ (Nonreturn to zero) H30111 RZ (Return to zero) §IM5UMITOAISITAI
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o 3 . 4 wa A A o ar a'
W20 1#1110 biphase (Manchester) danmauiiavoagnauiosntsznoudygyi DC A1

a 4 A

symbol/bit synchronization 1u@2199 U19ATAT8NI1 self-clocking code uavziveidunoiinis
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2.62 manandyanandamalaslinsns19dunuus Ny (Heterodyne Detection)
211nM3n52950 Tasassazdanamiuinziadyausuniuduty 2 diudleiufo
Foanasuniunnmousnuaznulu Tagein Background Noise Alduniidins 199y dnyg o

02 Shot Noise #iAA9INNSEUIUMS IUAINTITVIBY MamAaTuszApadumudaya o

. _ 8

' d’ Yy ¥ A EY - 1 Y- | 1 . -
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Light wave field Traufuauumanmafidinaoadaesaaunii (Front end) ¥83 AIn3230

aedou Mimo)  aziinissaundudyialuididinssdudygyiauas moiuns
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[

Ysudzamsasndudagansy1d TavpuuuvesszuumsdemsuuumsnidniuTaunse
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uanaldnagz i 2.8

o

aszuaumsnaviamsonsnldiduaeariinfio dya Iy Heterodyne  11az

o o

o A o =& = @
Homodyne TauliUY homodyne Lﬂugﬂuuwwmmmmﬂ heterodyne Favziinnududounin
»
naz s fidueialdluounadulnail
¥ [
155298 UL Heterodyne szuusianunsziinnududounasminaquigs

auumMsasesulaasauavziinanu’la (Sensitivity) Tumsasrodudygivfigeninmy

¥
o =

m3asasuTavase mskanduanailfzdunsnandyyiaduounaa (Amplitude

o =

Shift Keying: ASK) NMINANTA Y1841 (Phase Shift Keying: PSK) HazniHday OTRTRENE

A8 (Frequency Shift Keying: FSK) c?}amﬁauﬁunﬁnﬁuﬁnujﬂymﬁaq Wlumsdeans

mm?ﬁwq (RF Communications) [15]
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uMasn uHALe N N P
) Awaudygau NGELELELATALT
T v dyausumu
¥
vaya E (Background noise)
Y

4 P 5 . 50T Uy I

- AIAIINVY =

fanyvaya

dynasunIuIn

E]ﬂﬂ‘mf (Shot noise)
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511 2.8 n1ATVIVY Heterodyne Detection

e =y

2.7 sdupumsHandyaus e

msnaudyiaiiniaty Tavasaiufivagduuyldun manaudyanauny
Pulse Width Modulation (PWM) N15 Hﬁnﬁtyfpiuﬂﬂﬂ Pulse Frequency Modulation (PFM) (lag
manaudyanuuuuad Indduveqadu (PPM) uaAIlioanInmsHandygInuuy PWM

] 3 3/ LV | Y a o & o

uaz PFM litmangaems 1daumnmin e ldRnsanmwismssaudyaiauy PPM 3uiu
madiamswaudyanuFaaaiion 1 uigiu vindeyamsdisaslunamsdemsidaumg
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dyguuga Aegln 2.9
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Pulse Position Modulation (PPM)

Differential Pulse Position Overlapping Pulse Position Multi-pulse Pulse Position

Modulation (DPPM) Modulation (OPPM) Modulation (MPPM)

Differential Overlapping Overlapping Multi-pulse
Pulse Position Modulation Pulse Position Modulation

(DOPPM) (OMPPM)

51 2.9 mswaudygugduuuaieg ivannamsHeEudyyIuiuy PPM

23U 2.9 m'iNﬁuf‘f”munptuuuuﬁ'ﬁﬁTwﬁ%’unagm%ﬂﬁqnﬁwuwu'ﬁ;‘auq Ui
ﬂﬂ?ﬂ’ucéﬁali‘lummﬁuﬁmfymuungnwﬁu (Hybrid Modulation) 1% Differential Overlapping
Pulse Position Modulation (DOPPM), Overlapping Multi-pulse Pulse Position Modulation
(OMPPM) ﬂ?«i‘lugﬂﬂﬂm:n’jwmswauﬁmunpmﬁﬁmummnmsNﬁnﬁ'tgﬂunmuuuﬁaﬁiwﬁ
'fuuﬂ@m*ﬁu 19U Differential Pulse Position Modulation (DPPM), Overlapping Pulse Position
Modulation (OPPM), Multi-pulse Pulse Position Modulation (MPPM) ‘m‘l,fmi t’f'ummiawﬁa?f
1azn1s 1¥imnin Differential 1a¢ Overlapping fgaumveasinsaeriudoya (Throughput)

yoamsHaudyauuanligeiudis Taomailans Differential Huaziilinnmenves

¥
EY -
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o
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2.7.1 MIWANTYY MUY On-off Keying 130 Unipolar Line-Coding
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2.7.3 MswanduanauuuadIna¥unegiay (Pulse Position Modulation: PPM)
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[s,@)s, (0t = 48, (2.29)
0

Taoh ik=0,1,..., M-I

A fondanuueadyyu

1, i=k
5:1':: i
0, i+k

' ¥ e 1
doumun k=2 fafus M = 4 dafufiyduupvesmsdadyganiaddygudamu

v al

Adrydnwal 00,01, 10 uag11 1Ay TdnyazdsgUi 2.13

2.73.1 Saim3daruYena (Throughput) YoamInanFeyanuuUWad IngEuo

Qratu
a [ [ 9 EY = v A
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2.7.4 MIHANAYYIVIVY Multi-pulse Pulse Position Modulation (MPPM)
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M = ol —i— (2.31)
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amnsanveUIAsAsIMs derudoyares MPPM 110861914 Cover and Thomas 9% 14

h(i] _In(l+N) oT & h(ij (2.33)

A . 2
110 h(x) L'f]u Binary entropy function

h(x) = —x In(x)-(1=x)In(1 - x) (2.34)
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2.7.5 NIHANTYYIMIVY Overlapping Pulse Position Modulation (OPPM)
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2.7.6 MIWANTYYIMIVY Differential Pulse Position Modulation (DPPM)
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