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CHUONG 1: TONG QUAN VE TRUYEN THONG ANH
SANG NHIN THAY
1.1 Tong quan vé cong nghé VLC
1.1.1 Gidi thigu vé cong nghé VLC
Truyén théng bang anh sang nhin thiy — VLC 12 mot hé thdng thong tin
khong day, hé thong nay hoat dong bang cach diéu ché trong phd anh sang nhin
thdy (400-700nm), dai phd duoc st dung cho viée chiéu sang. Céac tin hiéu truyén

thong tin duwgc ma hoa boi anh sang chicu sang.

< Increasing Frequency (v)

10* 107 10% 10" 10'® 10" 10" 10" 10* 10° 10° 10° 10° v (Hz)
) 1 | 1 1 I I I I I | I
Y rays X rays uv IR Microwave |FM AM Long radio waves
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Increasing Wavelength (L) —

Visible spectrum

o o ¢ O
400 500 600 700

Increasing Wavelength (4) in nm

Hinh 1.1 Dai pho 4nh sing nhin thay

Cong nghé VLC duoc biét dén vai viée st dung anh sang dé truyén tin, tiét
kiém ning luong so voi ha tang chiéu sang c6 sin. Hon thé nita, VLC so véi cong
nghé tan sb v6 tuyén dugc xem nhu than thién hon rit nhiéu.
1.1.2 Lich sik phdt trién cong nghé VLC

Nhiéu nam trudc, da c6 rat nhidu nghién ciru vé VLC va y tuong sir dung
LED dé chiéu sang va truyén tin.

DPong luc chinh dé cong nghé nay phat trién chinh 1a viéc chiéu sang bang

chat ban dan ngay cang duoc chu tim, tudi doi cua LED dai hon, c6 d6 sang cao so



v6i nhitng ngudn sang nhan tao hién tai. Cing véi d6 1a téc do bang thong/dir lidu
cao, bao mat vé dit liéu tét, giup cho an toan strc khoe va tiét kiém dugc nang lugng.

Khai niém vé VLC duoc biét dén 1a mot phuong thic truyén théng tin.
Phuong thirc nay ra doi tr nam 1870, khi ma Alexander Granham Bell dua ra mo
hinh truyén dan vé tin hiéu 4m thanh duoc st dung bing guong chiéu sang nhung
van tao ra duoc dé dao dong tao ra bdi am thanh cua mét nguoi. M6 phong dau tién
ctia VLC d6 1a may phat 4m thanh, mo phong nay duoc dién ra vao nam 1880 khi
ma con ngudi st dung 4nh sang mit trdi tya nhu mot ngudn sang. Khi do, Bell va
Tainer da thuc hién thanh cong khi truyén tin & khoang cach 213 mét véi thi nghiém
may phat 4m thanh st dung anh sang. Nhung, hé théng khi d6 cua Bell van gip
nhiéu nhuge diém, co ban 1a hé théng phu thud vao anh sang mat troi, mot loai anh
sang khong phai lic nao ciing c6 duogc.

Anh sang ban din dugc hinh thanh boi su phat quang dién. Tl nhitng nim
1990, LED v6i1 do sang cao dugc gidi thiéu véi muc dich chiéu sang. Chi tur vai
ndm, hiéu qua cta viéc st dung LED dé chiéu sang ting 1én nhanh chéng tir
0.1m/W t61 hon 230Im/W, thoi gian séng cua LED Ién to1 100000 gio. Hién tai,
chung ta c6 thé thiy cac ngudn chiéu sang khac nhu OLED trong d6 OLED st dung
d6 chiéu sang turong ddi thap khoang 1001m/W va thoi gian hoat dong ngin hon so
voi LED. Boi vay, OLED han ché su dung hién thi cic mau sic khac nhau, chiéu
sang chung & thoi diém hién tai. Tuy nhién, OLED chinh 1a giai phéap thay thé cho
chiéu sang va truyén tin & nhitng khu vuc 16n.

Dbi voi nhitng dén chiéu sang c6 dién c6 hiéu nang chiéu sang trong khoang
52lm/W va nhirg dén huynh quang str dung anh sang dinh cua LED tring vuot qua
260lm/W. Tir hai so sanh trén, SSL s& tro thanh mot cong nghé can thiét dbi voi
viéc tiét kiém nang lugng, ddm bao an toan voi mai truong. Cong nghé st dung
SSL ¢6 wu diém nhu sau:

< Tuoi doi thiét bi dai.

% Chiu dugc d6 4m cao.

% Khdng c6 thuy ngén.



+ Kich thuéc nho va gon hon.

% Hiéu qua bién ddi ning lwong cao hon (v&i white LED hiéu qua chiéu sang Ién
hon 200Im/W).

+% Tiéu thy ning lwong thip hon.

% Chuyén mach nhanh hon.

Chinh vi vay ma LED la cac ngudn 1y tuong dé ing dung véi hai muc dich

chiéu sang va truyén dir li¢u & ca trong nha va ngoai tro1 trong tuong lai, khi dé cé

thé tiét kiém nang luong rat nhidu. Bang viéc sitr dung LED két hop ba mau: do,

xanh 14 va xanh da troi, khi d6 tién hanh sir dung may phat dé két hop giita anh sang

xanh va huynh quang. Tir d6 tao nén nhitng nghién ctru va phat trién vé hé thong

VLC.

Lich sir phat trién vé VLC dugc mé ta ¢ Bang 1.1 dudi day:

Bang 1.1 Lich sir phat trién ciia VLC

Thoi
. Swu kién
gian
LED duogc cong bo 12 thiét bi truyén dan dit liéu toc dd cao, sir dung
2004  |bang thiét bi di dong tai Nhat Ban.
H¢ théng truyén dan VLC t¢i dién thoai di dong duoc thir nghiém thuc
té v6i tdc d6 10 kb/s va vai Mb/s. Thiét bi st dung 1 dén huynh quang
2005 \a LED tai Nhat Ban.
Str dung man hinh LCD dé thyc hién truyén dan VLC. Thiét bj st dung
2007  |dén nén LED.
Hiép hoi VLC (VLCC) tai Nhat Ban dua ra hai chuan: Tiéu chuan cho
hé théng dinh danh sir dung 4nh sang va tiéu chuan cho hé théng VLC.
Hi¢p hoi cong ngh¢ thong tin va dién tir Nhat Ban-JEITA da chép nhan
2007 [cac tiéu chuén nay thong qua

hai van ban JEITA CP-1221 va JAITA CP-1222.




Phat trién cAc tiéu chun toan cau cho mang gia dinh sir dung 4nh sang
va tia hong ngoai dé truyén dan thong qua dy an OMEGA cua EU.
Thuc hién truyén dan sir dung 5 dén LED

2008 .
v6i toe do ~100Mb/s.
Ban hanh tiéu chuan k¥ thuét dau tién cia VLCC. Phd tan st dung
2009 |VLC duogc duara.
Cong ngh¢ VLC dugc phat trién, cac thiét bi nhu TV, PC, dién thoai di
2010  (d@dng la nhitng thiét bi dugc dua vao ap dung.
2010 GPS duoc dua ra tai Nhat Ban, moi truong ¢ day 1a trong nha.
2010 To6c d6 truyén dan ciia VLC 1én dén 500Mb/s trong khoang cach
5m,thuc hién boi1 Siemen va vién Heinrich Het, Dtrc.
2010 |IEE dua ra tiéu chuan cho cac cong nghé str dung VLC
Hé théng VLC-OFDM duoc trinh dién, str dung tdc d6 124Mb/s, LED
2011  trang phu phdt pho, dai hoc Edinburgh, Anh
2013 Giao su Harald Haas da thuc hién truyén dit liéu vai toc d6 1én dén 1.6
Gbps thong qua dén LED don sic
- Mot mang ndi bd da tién hanh st dung VLC voi tdc do truyén Ién
2015 dén 1.25 Gbit/s vao 04/2014 bdi cong ty Stins Coman ciia Nga
- Hé théng VLC véi LED RGB c6 toc do 300 Mbit/s trong cu ly 25
feet dugce san xuit boi Axrtek vao 10/2014
Vao nam 2016 san pham Li-1st ctia cong ty PureLifi ra doi. Theo nha
san xudt noi thi day 1a san pham dau tién tng dung coéng nghé VLC
2016  (duoc ban rong rii. Li-1st hién c6 thé mang lai téc d6 truyén tai SMbps

cho ca kénh upload 1an download, twong duong 625KB/s




Vao nim 2017 cong ty PureLifi cho ra san pham LiFi-X bao gom mot
2017  thiét bi c6 dén LED gan vao cong USB, cho tdc d6 truyén nhén dit liéu
1én dén 42Mbps.

1.1.3 Pdc diém cong nghé VLC
1.1.3.1 Dung luong

% Bing thong 16n: P6i v4i phd song vo tuyén: gap 10000 1an so véi song anh
sang va dugc mién phi khi str dung chiing.

*» Mat do dix liéu: So vdi cong nghé WIFIL: VLC c6 thé dat dugc mat do dir liéu
1én toi 1000 1an. Bai vi vat can khong thé ngan duoc anh sang nhin thay con
song vo tuyén bi thoat ra ngoai va gay nhiéu.

% Toc d6 cao: Vi bang thong 16n, cudng do cia anh sang chiéu ra 16n nén VLC dé
dang dat dugc tbc dd cao nhd nhiéu thép.

% D@ dang quan ly: Vi anh sang nhin thay d& quan Iy hon vso vdi séng vo
tuyén, boi vi khong gian gidi han.

1.1.3.2 An toan

¢ Suc khoe con nguoi duge dam bao.

% Trén mdy bay, viéc truyén din khong bi anh hudng. Cac thiét bi trong bénh
vién khong bi giy nhiéu béi cac may moc.

1.1.3.3 Bao mat

< Vi VLC khong thé dam xuyén qua cac vat, chi truyén tip trung & mot khu

vuc nhat dinh nén rat kho dé thu thap hay tim hiéu cac tin hiéu thong tin.

% Co thé quan 1y truyén dan thong tin d& dang boi ddy 1a anh sang nhin thdy,
khong can phuong thirc bao mat phirc tap..

< Dai véi cac duong truyén toc do cao: chung ta chi can duong 1én véi toc do
thip dé: download video, audio, duyét Web... Qua d6 ta c6 thé giai quyét
van dé nay bang viéc str dung cong nghé VLC.

Dudi day la Bang 1.2 so sanh cac dic tinh cua VLC va cong nghé IR va RF:



Bang 1.2 So sanh cac tham sb ciia VLC, IRB va FRB

Pic tinh VLC IRB RFB

Khong bi han ché, 400 |Khéng bi han ché, | Bi diéu chinh va bi

Bing thong am - 700 nm 800 - 1600nm  han ché

Nhiéu song dién tir va

méi nguy hiém Khéng Khéng Co

LOS Cé Cé Khong
o : Ngan téi dai Ngén t&i dai

Khoing cach Ngn (ngoai troi) (ngoai troi)

Bao mat Tét Tét Kém

Phat trién tot cho
Pang phat trién (IEEE  [trong nha (IrDa),

Tiéu chuan 7 i hoan thicn
cho ngoai troi
o hidU SANG Va — —
Cac dich vu Chicu sang va Truyén tin Truyén tin

truyén tin
Anh sang mat troi va Anh sang mat troi
anh sang xung quanhyva anh sang xung

Tat ca c4c thiét bi

Cac ngudn nhidu dién tir va dién

khac quanh khac
Tiéu thu con oz . .
Sulg,l; thu cong Tuong doi thap Tuong doi thap | Trung binh
Tinh di dong Bi gi6i han Bi gi6i han Tét
Khoang bao phu Hep va rong Hep va rong

1.2 CAu tric hé thong VLC
1.2.1 M6 hinh hé thong

Hé théng VLC bao gdm cac thanh phan sau: Hé thdng phat, kénh truyén va
hé théng thu. Hinh 1.2 mé ta mo hinh ctia mot hé thong VLC



i8u khid Ma tra L
bicu khién Mach a I'?.l:l X Bo tap B0 tach
lam m& did LED va Kénh . Bo loc song

L iéu ok . rung
(Dimming - > cac thau truyén >1 quang
control) khién kinh quang guang guang
hoc

Module Bo

truyén khuéch

tin dai

Dir liéu vao Dir liéu ra

Hinh 1.2 M6 hinh ciia mét hé théng VLC

1.2.2 Phia phat
1.2.2.1 Cau trac phia phat

Céc thanh phan cia phia phat bao gom thiét bi phat ban dan anh sang nhin
théy (co thé 1a LED hoac Laser ban dan, phu thudc vao ung dung), mach diéu

chinh d¢ sang (dimming control) va mach diéu khién LED (diéu ché) (hinh 1.3).

Diéu 3 .
. Mach diéu khién - /
chnin ::> | 1

LED (Piéu ché) 2

\

do sang

Dt licu

Hinh 1.3 Thanh phan phia phat cia hé théng VLC
Ca laser va LED déu c6 thé sir dung cho truyén dit liéu, nhung khi thanh
phan phat cia VLC phai hoat dong dong thoi nhu may phat dir liéu va nhu  mét
thiét bi chiéu sang & cing mot thoi diém thi LED wu tién duge st dung.
1.2.2.2 Hoat dong cua LED
Khi phan cuc thuan LED s€ nhan dugc dong bom khién cac dién tir & vung
hoéa tri nhay 1én ving din. Khi ¢ diéu kién binh thudng, cac dién tir trong ving hoa

tri s& 16m so v4i ving dan. Khi ¢ trang thai duogc kich thich, cac dién tir chuyén sang



mirc ning luong khach khién dién tir vang dan 16n hon so vé6i vang hoa tri. Day
chinh 1a hién tuong ddo mat do. Déng thot, do dién truong phan cuc thuan tac dong,
& 16p tich cuc, cac dién tir ciing nhu cac 16 trong duoc khuyéch tan. Tai ddy, ting
cap dién tir, 16 trong duoc két hop va photon anh sang s& duoc phat xa. Chu yéu &

day 1a hién tuong phat xa ty phat. Hoat dong trén dugc dién ta qua hinh 1.4.

ool hile
II
/7
Ban dan loai p + B&n dan loai n
® © @ ® © o
L0900 0 PeCe g o 0%

L6 trona ® <«— Diénte
Photon 00000 6;:un
anhsafg N \_"]\| |- ---=-=-=====
__________ Dai cam
OCO0O0O000O0
» Dai hoa tri

Hinh 1.4: Co ché hoat dong ciia LED

Dbi véi LED thi viéc diéu chinh mirc 1am md 1a mot thuan loi. Tuy nhién,
LED c6 tré ngai d6 1a khong thé 1am md chinh xac khi 4p dung véi cac dén day toc
va dén phong dién qua khi. D6 13 bsi vi dép ung thoi gian trong sudt hoat dong
chuyén mach tit mo ctia LED rat ngan (chi vai chuc nano gidy). Khi d6, nguoi ta
diéu ché dong diéu khién ctia LED, chuyén LED vé trang thai ON, OFF v6i mot tan
s6 twong ddi cao.. Nhung ¢ cac tmg dung ca cho chiéu sang va truyén thong nhu
VLC, nguoi ta va chuong su dung LED hon.
1.2.2.3 Phan loai déen LED

C6 rat nhiéu loai LED dugc sir dung dé ché tao ra anh sang trang bao gdm
LED don mau phu phét pho hoic LED RGB (hinh 1.5). Véi LED RGB, mbi mot
mau ta c6 thé sir dung dé truyén mot kénh dir lidu riéng biét. Loai thir nhat cau tao

v6i mot chip ban din xanh, pha thém 16p phét pho bén ngoai. Khi cp dién, chip s&



phat ra 4nh sang mau xanh, phdt pho s& phét ra huynh quang mau vang. Két hop hai
mau tao ra anh sang trang. Loai thir hai 1a LED c4u tao véi ba chip mau riéng biét R
(~625nm), G(~525nm), B(~470nm). Sau d6 ba mau nay két hop tao ra anh sang
tréng.

LED don chip phu phdt pho ¢6 vu diém 1a gia thanh ré, mach diéu khién
khong phirc tap tuy nhién ton tai nhiéu han ché nhu 16p phét pho chi hoat dong khi
chip mau xanh sang, do vay tbc d6 dap ung sé& thap hon so voi RGB. O hinh 1.5(a)
LED don chip c6 thém han ché dé 14 bang thong va cach khic phuc ¢ day la sir
dung bd loc & bén thu trude khi c6 anh sang té1 photodioe. Trong hinh 1.5(b), LED
RGB mang t6i 3 kénh truyén riéng, mdi kénh str dung mot chip LED do d6 rat phu
hop cho hé théng WDM. Tuy nhién khi truyén dan trong VLC can dam bao can

bang vé mau sang va anh sang.

Phat xa tir LED

___ (mau xanh) B
7N \ Huynh quang ___\ Red GreenBlue
( ) —ulll'u (Téru vang) f #__f N I t

\
/

1 ﬂ o
LED chip ‘ LED chip

Lap phosphor
(a).LED mau tring sir dung | chip.  (b).LED miu tring sir dung 3 chip (RGB).

Hinh 1.5 Phan loai LED

Vi ly do LED sir dung trong chiéu sang va truyén thong nén can xac dinh duoc
dai luong dic trung 1 cuong do chiéu sang va cong suat quang. Trong do, cudong do
chiéu sang chinh 1a do sang cta bong dén, con cong suat quang 1a ning lugng phat

ra tu LED.
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: —HO"

White -
G White
UV-LED O : ‘::Light B Blue LED ?:D

Light

™
Hinh 1.6 Hai cach tao ra 4nh sang tring tir LED
Cuodng d6 chiéu sang dugc tinh bang quang thong qua mdi goc khéi theo
cong thtc:

_2 11
= (1.1)

Trong do6:
- @ laquang thong
- Q lagoc khong gian
Cudng do pho phét xa tuong dbi ciia LED don chip va LED RGB duoc mo ta
6 hinh 1.7

Phé phét xa cua chip xanh

PHo phét xa cua 16p

0.5F

0 1 1 1 1 1 1 L
350 400 450 500 550 &00 €50 700 750 800

Cudng dé twong doi (a.u)
Cudng do tuong doi (a.u)

450 500 550 600 650 700
Budc song (nm) Budrc song (nm)
(a) (b)

400

Hinh 1.7 Cudng do phat xa cia LED: (a) LED don chip, (b) LED RGB
Lumen (ky hiéu 13 1m) 1a don vi SI sir dung do tong lugng quang
thong phat ra tir ngudn sang. Nhung quang thong khac véi cong suat do 1a

phan anh sy thay doi cua d§ nhay doi voi mat ngudi con cong sudt quang lam
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cho ta biét dugc toan bd ning lwong cua anh sang ma khong can phai cam
nhan bang mat nguoi.
1.2.3 Kénh truyén
Trong thong tin lién lac, kénh truyén két ndi gitra phia phat va phia thu, duoc
dic trung boi kha ning truyén tin hiéu séng mang va bi anh huéng bai nhidu yéu td
nhu tap am, nhiéu...Trong cong nghé VLC, kénh truyén 1a phan két ndi giita dén
LED va Photodetector. C6 2 loai kénh chinh trong hé théng VLC la:
+ VLC don kénh lién quan dén mot dén LED va mot Photodetector
¢ VLC da kénh trong d6 bd phat dugc lam tir dén LED nhiéu mau va bd thu
Photodetector duoc tao thanh tir nhidu may do, mdi may déu nhay cam véi
mot mau tur by phat.
1.2.3.1 VLC don kénh (Hé thong 1 dau vao — 1 dau ra: SISO)
Trong VLC don kénh st dung mét den LED va mot Photodetector dé truyén

dan. Dung luong kénh truyén Csiso duge tinh béi cong thirc:

2
Csiso =log, (1 + g Pe ) (1.2)

o2B

Trong d6: Pt la cong sut cia may phat

B 1a bang thong kénh truyén

o2 1a phuong sai tong tap 4m trong mo hinh AWGN

g 1a do loi kénh

Anh sang trong hé théng bao gom 2 loai: 4nh sang tim nhin thang (LOS —

Line of sight) truc tiép hodc khong truc tiép va anh sang khong nhin thang (NLOS —
Non line of sight) twong tmg véi cac duong tir ngudn sang dén phia thua va cac

thanh phan dugc tao ra bdi cac phan xa cua tuong hay cia cac thiét bi khac. ..
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% MO0 hinh LOS

Photodetector

Hinh 1.8 M6 hinh kénh truyén LOS

Trong md hinh LOS, c6 mot lién két thang giita LED va Photodetector ma
khong gip tré ngai nao. Su khac biét gitra LOS truc tiép va LOS khéng truc tiép 13
v6i LOS tryc tiép thi LED tao v6i Photodetector 1 goc 0° (¢ = 0) con véi LOS
khong tryc tiép thi LED va Photodetector tao v6i nhau 1 goc khac 0° (¢ # 0)

% M@0 hinh NLOS

Trong md hinh NLOS céc tia sang tir dén LED chiéu toi Photodetector sau
mot hodc nhiéu lan phéan xa, diéu ndy do tré ngai giira phia phéat va phia thu. Trong
mot lién két NLOS dién hinh, ddp ing xung cua kénh duoc xem nhu mot tong sd tia
sang vO han sau nhiéu 1an phan xa, va dugc thé hién bﬁng:

HnLos = Y=o h(o (1.3)
Trong d6: h® 1a dap Gmg xung cla cac tia trai qua k duong truyén.

1.2.3.2 VLC da kénh

Trong hé thdng kénh truyén VLC da kénh st dung nhiéu hon mét LED mau
dé dua tin hiéu tin nhan dén kénh. Trong truong hop nay ching ta ¢ hitu han n * z

den LED va Photodetectors dugc str dung twrong ing nhu ang ten va bd tach song.
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Ma tran trong hé théng VLC da kénh dugc biéu dién:
[P iz - h1,n]
Hmuti = oy hzz o honl
|le,1 h;» hz:n
Dung luong kénh truyén Cmuri trong hé théng VLC da kénh duogc biéu dién
bang:
Cmuti =" Csiso (1.4)
Trong d6: I' = min(n, z) va Csiso 1a dung lugng kénh truyén hé thong VLC
don kénh
RGB-LEDs 1a mo6 hinh dén LED da budc song dugc sur dung nhiéu nhit, ma
tran chuyén kénh Hasxs trong trudng hop nay 1a mot bo phat RGB-LED duoc biéu

dién:

1.2.4 Phiathu
Thanh phan chinh trong phia thu ctia hé théng VLC 1a bo tach song quang.
Nhu trong hinh 1.9 ta thiy phia thu ctia hé thong con c6 thém cac thanh phan: Bo

tap trung quang, bo loc quang mach khuéch dai va bo giai diéu ché.

B§ tap B chuyén i Giai
o 0 Khuéch ; .
Dir liéu vao trung Bo loc doi uee didu Dir liéu ra
uan dai i
quang duang quang ché
dién

Hinh 1.9 Thanh phén thu hé théng VLC
1.2.4.1 B¢ tach song quang
C6 2 loai bo tach soéng quang duoc sir dung chinh trong hé théng thu VLC 1a
Photo-diode va Phototransistor. 2 loai Photo-diode thuong dugc st dung la Diode
tach quang PIN (hinh 1.10) va Diode tach quang thac APD (hinh 1.11)
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ihf Dién trwéng E

Mién nghéo

Mién hép thu

— |
v

X
Hinh 1.10 Ciu tric Diode PIN

Bo tach song quang co thé hoat dong véi cac budc song dai chi khi mién
nghéo rong can thiét, khi ¢6 anh sang tham nhap duoc sau hon vao vat liéu ban dan.
Mubn dat duoc thi vat liéu loai n can dugc pha tron it va giéng nhu ban dan thuan
(i), khi d6 Diode PIN duoc dinh thién nguoc. Anh sang bat dau tir phia p, mdi
photon c6 ning lugng cao hon hoic bang ning lugng cua dai cAm Eg s& vuot qua
dai cam d¢é di t6i dai din bang cach kich thich dién tr. Qu4 trinh nay sé tao ra trong
dai hoa tri mot 16 tréng va tu do6 hinh thanh cac cdp dién tir-16 tréng. Con dbi véi
16p nghéo, bang tac dong do dién trudng ngoai, cac cap dién ti-1d tréng bi tach ra
khoi nhau, dién tir s& di vé phia n con 16 tréng vé p. Chiing sé& di ra mach ngoai va tir
do6 tao thanh dong dién. Dong tach quang lp dugc sinh ra

1, =20 1 exp ( aod) ] (L5)
hf
Trong do: e la dién tich cua dién tur
r 14 hé s6 phan xa Fresnel tai tiép giap ban dan — khong khi.
d 12 d6 rong ctia mién hép thu
Po 1 cong suat ctia 4nh sang tGi.
Véi APD, nguyén 1y hoat dong cia Diode tach quang thac cling tuong tu.
Tuy nhién, cic cip dién ti-18 tréng s& bi va dap vdi cac nguyén tir ban dan do gia
tdc trong mién dién truong. Dudi tac dong clia qua trinh ion hoa sinh ra tir va cham

ma tao thanh cic cip dién tG-16 trong thi cap. Qua mién dién trudng, cac hat tai
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dién thu cép duoc gia tdc do d6 tao ra céc cap dién ti-16 tréng maoi va c6 hiéu Uing
thac.

Trong VLC, Diode Pin va APD silicon véi d0 nhay quang tir 190nm téi
1000nm s& phu hgp vé1 bude song cia VLC.

—| Dién truong E

Mién tang toc

Mién hép thu

Hinh 1.11 Céu tric Diode thac APD
1.2.4.2 B tap trung quang
Tac dung cua bo tip trung quang la tap trung anh sang vao may thu. Bo tap

trung quang thuong dugc su dung trong VLC 1a bd tdp trung quang CPC.

|
|
|
|
|
|
|
|
|
|
|
|

|

N

/I\
AN
s el
b,

Hinh 1.12 B§ tap trung quang CPC
Ciu tao cua bd tip trung quang CPC nhu hinh 1.12, gdm c6 hai guong
parabol (AD va BC).
Goc 0 1a goc chap nhan, néu tia sang téi co goc tdi nhd hon 0, nd s& duge phan

xa t6i AB, néu goc téi 16n hon 0, tia sang s& bi phan xa ra ngoai.



16

Hinh 1.13 Qua trinh phan xa tai CPC
Xét mot vi du vai ba tia sang téi bo tap trung CPC lary, r2, r3 nhu mo ta &
hinh 1.13
Tiary, r2 c6 goc toi a < 0 s€ dugc phan xa tdi AB, tia r3 ¢6 goc toi f < 0 s€ bi
phan xa ra ngoai. Pdi voi bd tap trung quang CPC 3 chiéu, ti s tip trung tdi da C
dugc tinh theo cong thire:

1
C= (1.6)

sin2 0

Bo tap trung quang dugc sit dung dé bu dap cho su suy giam trong khong
gian 16n vi chum sang phan ky tir cac LED chiéu t6i dién tich 16n.
1.2.4.3 B0 loc quang

B6 loc quang dung dé loai bo cac anh sang tir nguon bén ngoai (4nh sang mit
troi, anh sang dén) ciing nhu 4anh sang khac giy nhiéu. Ngoai ra, tin hiéu s& duoc
qua cac bd khuéch dai trude khi duoc giai diéu ché.

Hé thdng VLC nhay cam véi anh sang mit trdi va cac ngudn chiéu sang
khéc, vi thé bo loc quang la rat quan trong trong vi¢c nhan tin hiéu & mot dai budce
song nao day va loai bé cac thanh phan nhiéu khong mong mudn.

1.2.5 Cdc phwong phdp diéu ché sir dung trong VLC
1.2.5.1 Phuong phap diéu ché khoa bat tit OOK

Trong hé thong truyén din khong day st dung tia hong ngoai thi phuong
phap OOK dugc ap dung rat phd bién. Phuong phap nay con duoc goi 1a ma hoa
khéng tré vé khong (NRZ-OOK)
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boox

A 4

1 71701 170 0 010 o t
NRZ — OOK
Hinh 1.14 Diéu ché NRZ-OOK
Phuong phap diéu ché NRZ-OOK bao gdm hai muc, cing voi d6 1a hai ky
hiéu Ung véi cong suat 2p hodc 0. Tin hiéu c6 thé dugc biéu dién bang ham cd sé
Poox (t) dugc cho béi biéu thirc:
1 t
book (t) = \/—Trect (7> (1.7)
Trong do:
T 1a chu ky ki hi€u va rect(t) dugc cho bdi cong thirc:
e = (12005051
St dung ham co s& ndy ta ¢ biéu thirc cudng do anh sang theo mién thoi
gian duoc giri qua kénh truyén theo biéu thirc:

e (1.8)
x(t) = z 2PVTA g Poox (t — kT)

k=—o0
Véi Alk]e {0,1} va dugc chon thdng nhat, bién do trung binh cua x(t) duoc
dat tai P. Khong gian tin hiéu cia NRZ-OOK bao g6m hai diém va dugc mo ta nhu
trong hinh 1.14

¢00K X

1
T

]

e

2T

¢OOK

[en) 5]

Hinh 1.15 Ham co sé (a) va khong gian tin hiéu NRZ-OOK (b)



18

OOK c¢6 nhuge diém 1a hién tuong nhép nhay duogc tao ra do nguyén tac bat
tat theo bit 0,1. P& khic phuc hién twong nay, tin hiéu s& dwoc mi héa v6i ma
Manchester trudc khi dwa vao diéu ché, voi mi héa Manchester bit 0 duoc ky hiéu
béng 01, bit 1 dugce ky hi¢u béng 10, do @6 s€ tao ra dugc by ma can béng sb lugng
c4c bit 0 va 1, tranh hién tuwong nhidp nhay. Viéc diéu chinh do sang trong NRZ-
OOK c6 thé dugc thuc hién theo hai cach:

% Thay ddi muc do bat, tit ddi v6i cac ky tu (nghia 12 khong can phai tit hian
hoan toan ngudn sang, ma chi can mic d6 du nhé dé cé thé phan dinh rd
rang gitra hai murc).

% Giit nguyén cac mirc tuy nhién thay doi vé thoi gian mic cao (tirc thoi gian
tin hiéu & mirc cao/ chu ky) sir dung phuong phap chen ky hiéu du thira vao
dé diéu chinh ting giam d6 sang. Vi du: do sang cua dit liéu 1a A% véi chu
ky T1 va cac ky hiéu du thira ¢c6 d6 sang B% vdéi chu ky T, d§ sang trung
binh N% s¢& dugc tinh theo cong thirc:

_ A—YTi i?jz (1.9)

M&i phuong phap déu ¢ wu nhugc diém riéng. Phuong phap thir nhat s& gay
ra hién tuong thay d6i mau siac vi khi dit lai hai mrc bat/tat — toc do bit dugc gitr
nguyén nhung lai gay ra hién twong mau sic thay doi. Dbi v6i cach thr hai thi hai
mirc d6 s& duoc gitr nguyén, nhung s& 1am cham téc do6 bit do ta dd chén thém cac
bit phu khong mang tin.

Hinh 1.16 vi du vé viéc st dung cac ky hiéu du thira dé lam tang do sang, do

, ~ Ay A , A 1 0 ia s \
st dung ma Manchester d¢ ma hoa nén thoi gian muc cao luén dat E (tilebitOval

nhu nhau), n6i cach khac mirc do sang la 50%, ta co thé chén thém cac ky hi¢u du
thira vao dé ting thoi gian sing mic cao (tang bit 1) khién cho murc sang trung binh

cao hon 50%.
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Dosang (%) | AB=N%| AB=N% | AB=N% |AB=N%| AB=N% | AB=N% |
A _— | |

Npt— e

50%—-—-—-—.—| _. — JU I P — 4
cs| P [H|cs |ssF|Ds|cs |ssF|DS| ... | CS|SSF|Ds

>
i¢—— Do daiframe ———— > Thorigian (t)

l«—— PHYframe »

Hinh 1.16 Ting d¢ sang bang cich chén thém cac ky hi¢u dw thira CS
1.2.5.2 Phuong phap diéu ché vi tri xung bién doi

Phuong phap diéu ché vi tri xung bién d6i 1a phuong phap diéu ché mai
hon, phuong phép nay cung cap cho VLC : khong gay nhap nhdy, c6 thé diéu chinh
d6 sang va cung cip mot do sang diy du. VPM la su két hop cua hai phuong phap
diéu ché 1a: Piéu ché vi tri xung cung cip chtic ning khong giy nhap nhay va diéu
ché do rong xung cung cap chirc ning diéu khién do sang.

Dbi voi 2-PPM, mdi chu ky ky hiéu s& tmg voi 2 chu ky con (véi M=2).
Trong mdt chu ky con, thong tin dugc giri di bang cach truyén mot cuong do quang
khac, chu ky con con lai duoc giit nguyén. Mdi chu ky thi khong trung lap vé thoi
gian do d6 cac ky hiéu s€ 1a truc giao. Vi du ta c6 khong gian tin hi¢u M, M-PPM
ky hiéu c6 thé dugc xem nhu mot khdi ma OOK véi chu ky 1a MT trong d6 cuong
d6 ra bang khong ngoai trir trong chu ky T.

Ham co sé cua M-PPM dugc dua ra trong cong thirc:

= (37) m =1

M
dm(t) = ?rect T (1.10)
M
Trong d6: m e M va T 1a chu ky con.
Khong gian tin hiéu cia M-PPM la khéng gian Euclid M chiéu v&i mot diém tin

hiéu trén moi truc M.
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Hinh 1.17 Ham co s&é cua 2-PPM

Cuong do sang gui qua kénh truyén duogc tinh theo biéu thic:

0]

x(t) = Z MP \/%d)A[k](t—kT) (1.11)

k=—00
Trong d6 Agq s& chon ky hiéu xuét hién trong M. cac xung s& khong am
trong toan bo thoi gian do cdu tao cua ching.
Cong suat quang trung binh ctia mdi chu ky khong d6i bang P v6i cong suit
dinh ctia mdi chu ky 1a MP. Boi cac diém trong khong gian tin hiéu tryc giao va

cach déu vdi nhau nén xac suat 161 ky hiéu dugce tinh theo cong thtrc:

Poig hiowy ~ (M —1).Q| P (1.12)

2R.0?
Trong d6: Ry = 1/T 1a toc d6 ky hiéu. Do cac diém trong khong gian tin hiéu

tryc giao voi nhau, xac sudt 18i ky hiéu c6 thé chuyén thanh xac suit 18i bit biang

cach liiy thira véi %/ (M — 1). Nhu vay, xac suét 16i bit duoc tinh theo cong thirc:

M Mlog, M

~ —, P 1.13
2 ¢ 2Ro? ( )

Pe

Véi toc @6 bit: R = R, log, M

) ' 1 1 ) )

2-PPM PWM
(a) (b)

Hinh 1.18 M hinh VPM ciu tao tir 2-PPM véi dd sang 50%(a) va PWM dé diéu
chinh d¢ sang (b)
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T 2T 3T aT 5T 6T 7T 8T

Hinh 1.19 Dang song cta tin hiéu VPM véi d§ rong xung 75%

Trong VPM st dung PPM v61 M=2 v61 muc dich tranh hién tugong nhép
nhay va PWM dé diéu chinh d6 sang va c6 thé cung cap do sang toi da. Tir bién do6i
(Variable) trong VPM c6 nghia 13 sy thay d6i thoi gian muic cao (d6 rong xung) tiy
theo mtrc do anh sang can thiét. Bit 0 va 1 trong VPM, duoc thé hién béng Vi1 tri
xung va c6 do rong xung giéng nhau. Do trong VPM, d6 sang trung binh giita bit 0
va 1 1a khong thay d6i nén tranh dugc hién tugng nhap nhay.

Trong hinh 1.18b, d¢ rong xung c6 thé duoc diéu chinh dé cung cap d6 sang
theo yéu cau. Hinh 1.19 mé ta dang séng cia VPM co thé dat duoc 75% do sang

voibit 0 va 1 ¢6 do rong xung 1a 75%.

12.5%

25%

50%

75%

_ Dimming Control

87.5%

Hinh 1.20 Piéu chinh sang tdi trong diéu ché VPM
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1.2.5.3 Phuong phép diéu ché R-RZ (Reverse- RZ)

Phuong phap diéu ché R-RZ cung cip kha ning diéu chinh do sang nhung lai
van giy ra hién twong nhdp nhay. R-RZ 1a phuong phap diéu ché két hop tir hai
phuong phép la RZ (Return to Zero) va IRZ (Inverse Return to Zero). RZ dinh
nghia ca chu ki bit 0 1a mc thip, bit 1 nira chu ki dau 1a mic cao con ntra chu ki

sau 1a murc thap. Con véi IRZ thi nguoc lai v6i phuong phap RZ.

113 0 » 11 1 »
A : A H
RZ
12 T ™2 T
A A
IRZ
72 T ™2 T

Hinh 1.21 Tin hiéu co ban cia hai phwong phap RZ va IRZ
R-RZ dinh nghia bit 0 1a khong c6 chuyén tiép tin hiéu trong ca chu ky, con
bit 1 12 ¢6 chuyén tiép tin hiéu tir mirc thap 1én mic cao, c6 thé kiém soat bang chu
ky lam viéc. Viéc diéu khién chu ky 1am viéc cung cip chirc nang diéu khién sang

tdi cho dén LED. Hinh 1.21.

“0” [1} 1 n
A : H y :
i 1
1 1
: 1 |
: H > 1 | >
T2 T Ti2 T
A h
(. 1
1 I
1 |
| J > : >
T2 T Ti2 T

Hinh 1.22 Tin hiéu R-RZ co ban
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1.2.5.4 Phuong phép diéu ché khda dich mau (Color-Shift Keying)
Nhu ta da biét, anh sang tring phat ra tir dén LED dugc tao ra theo hai cach.
Céch thtr nhét st dung LED don chip xanh phu phét pho, tuy nhién 16p phét pho
nay s& lam cham qué trinh d4p tmg ciia dén LED. Phuong phap khac phuc nhuoc
diém nay la sit dung LED RGB, dbi voi loai LED nay, chung ta s& dung phuong
phap diéu ché khéa dich mau. Phuong phap diéu ché CSK c6 thé xem gan twong
dong v6i phuong phap diéu ché khoa dich tan & chd cac doan bit s& dugc diéu ché
v6i mau sac phét ra. Vi du nhu déi véi diéu ché 4-CSK (hai bit cho mot ky hiéu),
mot trong bon bude song thich hop s& dugce str dung cho mot cip bit. Trong phuong
phap diéu ché CSK str dung khong gian mau CIE 1931 do ty ban quéc té vé chiéu
sang cong bd dé anh xa dit liéu dau vao thanh cac cip gia tri toa @6 mau (XP, YP).
Gia tri toa do x,y dugc xac dinh trong CIE 1931 thong qua ba dai luong X,Y
va Z. Trong d6 cac gia tri X, Y, Z dugc bat nguén tur thong s6 cua ba loai t& bao
hinh nén trong mét ngudi (c6 chirc ning cam nhan mau sic trong ba khoang budc
song: ngan, trung binh va dai) mo ta ba tinh chat ciia mau sac:
% Sic d6: sang hay tdi.
< Tong mau.
+» Do bdo hoa mau.
Mot quang phd don sic C véi budc soéng A duge biéu dién véi ba gia tri ndy nhu
biéu thire:
C=xMDX+yQDY+zQ0)Z (1.14)
Véi x(A),y(A), Z(A) 1a cac ham gin mau va co gia tri khong am.
Mot s6 vu diém ciia phuwong phéap diéu ché CSK:
- Mau sic cudi cing & dau ra s& duoc dam bao nho toa do mau x,y.
- Tbng ning luong cua tit ca cac ngudn sang 1a khéng doi, mac du mdi
ngudn co thé co cdng suat phét khéac nhau.
- Khéng c6 tinh trang nhap nhay.
- CSK hd trg diéu chinh do sang béng cach diéu chinh bién dd dua vao

su thay ddi dong dién vao LED. CSK hd tro thay ddi bién d6 véi cac bd
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chuyén d6i sd/ tuwong tu, do d6 hd trg cic phuong phap diéu ché cao
hon mang lai toc d6 dit liéu 16n hon.
1.3 Ung dung ciia VLC trong cudc song
1.3.1 Ung dung trong cujc song thong minh
VLC c6 nhiéu tng dung trong cudc sdng nhu: truyén thong tbe do cao va
giai tri trong nha thong minh, vin phong thong minh, giai tri trén xe hoi, truyén
thong phuong tién thong minh truy nhap thong tin thanh phd thong minh, mua sim
tryc tuyén théng minh.
++ Hang khong
Cac hanh khach khéng duoc sir dung song vo tuyén & trong may bay do d6
anh sang dua trén LED duoc st dung o trong khoang ctia may bay c6 thé 1a may
phat tiém ning ciia VLC dé cung cap ca viéc chiéu sang va cac dich vu da phuong

tién cho hanh khéach. Thém vao do, n6 giam gia thanh va trong luong.

Hinh 1.31 Kha nang irng dung VLC é trong khoang may bay
% Giao thong thong minh
Trong hé thdng giao thong thong minh, cong nghé VLC duoc dé xuat nhu 1a
mot phuong tién cung cap viéc truyén tin gilta cac phuong tién va thiét 1ap két nbi
giita cac phuong tién véi hé thdng ha ting giao théng nhu 13 dén tin hiéu giao thong

va bang bao hiéu. Hé thong nay cung cap cac két ndi khong day & khoang cach tir
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ngin dén trung binh mot chiéu hay hai chiéu. Hé thong nay sir dung dén pha va dén
sau cua cac 0 t0 nhu 1a may phat, va camera va b thu nhu 1a may thu. Cac dén giao

thong 1a mot phan ctia may phét ¢ trong pham vi nay.

Traffic light

VLC link

Billboard

Hinh 1.32 H¢ théng giao thong thong minh sir dung VLC
% Truyén thong dudi nude
Khi ¢ dudi nude, noi cac cong nghé séng vo tuyén khong thé hoat dong thi
VLC dem t6i dudng truyén toc do cao. Tir d6 truyén thong giita cac tho lan va

phuong tién dugc thiét lap.

Hinh 1.33 VLC trong truyén thong duéi nwéce
¢+ C4ac moi treong dac thu khac
VLC c¢6 ich khi sir dung trong bénh vién vi tai ddy co6 rat nhiéu cac thiét bi
gy can nhidu véi song vo tuyén.
Mit khac, cac bac si co thé sir dung cic may tinh bang dé truy cp va cap

nhat dir liéu ctia bénh nhén thay vi di t6i cac van phong hodc sir dung cac gidy to
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van ban. Céc bac si cling c¢6 thé theo ddi tinh hinh sitc khoe ciia nguoi bénh khi
dang ¢ xa.

Hoic trong cic mdi trudng lam viéc nhay cam véi song vo tuyén nhu ham
mé, dau khi... viéc truyén thong tréd nén khé khan, VLC co thé 1a mot cong ngh¢ an

toan va cung cap chiéu sang va truyén thong ¢ cung mot thoi diém.

Hinh 1.34 Ung dung VLC trong bénh vién

% Dinh vi va dan duong
Dinh vi va din dudng 1a bai toan phd bién trén cac tng dung cta thiét bi di
dong va robot. Vi du trong siéu thi sir dung cong nghé chiéu sang két hop véi cong
nghé VLC sé& gitip ngudi tidu dung co thé dé dang két hop véi internet, hon thé nira
ho con ¢6 thé dinh vi dé tim duoc nhitng mat hang nao minh dang can tim.

Product finding /A A

AN j , / 3 Q;T

Hinh 1.35 Ung dung VLC trong dinh vi
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1.3.2 Ung dung trong nha xwéng thong minh va IeT
VLC duoc tng dung dé xay dung cac nha xudng thong minh thong qua cic

viéc: két ndi cac thanh phén thiét bi trong hé théng 10T, thuc thi truyén tin ménh
1énh gitra cac by phan quan 1y véi b phan nhan lyc san XuAt trong xuong, thyc hién
giam sat lao dong, cham cong lao dong, giam sat quy trinh san xuét, giam sat chit
luong san pham thong qua két ndi IoT va truyén thong téc do két ndi cao sir dung
ha tang k¥ thuat VLC
1.4 Két luin chwong

Chuong 1 di trinh bay khai quat vé hé thong truyén thong bang anh sang nhin
thiy v6i cac dic diém quan trong, cac thanh phan cu thé va Gng dung cta cong nghé
nay. Pong thoi chuong dau cling da phan tich va giai thich dong luc trién khai hé

théng VLC va dua ra 1y do nghién ctru g dung ctia VLC trong truyén thong tin.
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CHUONG 2: KY THUAT PA TRUY NHAP PHAN CHIA

THEO MA CDMA

2.1 Nguyén ly cua ky thuat da truy nhap phan chia theo ma (CDMA)

Trong hé théng CDMA, mdi ngudi dung duwge gan cho mdt chudi mi xéac
dinh, va tat ca cac nguoi dung c6 thé sir dung chung khoang bang tin trong clng
mot khoang thoi gian. Do CDMA dua trén nguyén 1y trai pho, do d6 & mdi tram
phat s& sir dung mot chudi trai phd gia ngau nhién tac dong vao tin hiéu tin tirc. Khi
may thu nhan duoc tin hi€u tir nhiéu tram phat khac nhau, n6 s¢ léy tin hiéu mong
mudn bang cach giai ma tin hiéu bang chudi ma riéng cua chinh tin hiéu d6 (hinh
2.1). Ta ¢6 duoc két qua nay 1a do tinh ti twong quan va twong quan chéo cia cic
chudi ma trai pho.

Trii phd

[ Phé dain&n J [ Phl tin hicu sau tréipnd |

Hinh 2.1: Qui trinh trai pho va nén phd trong ky thuit CDMA

Trong hinh 2.1, phia bén may thu can nhan tin hiéu tir phia ngudi ding A, do
d6 da tién hanh chudi mi riéng cho A dé giai ma. Khi do, tin hiéu tir nhitng ngudi
dung khong mong mudn (B,C) tré thanh cac tin hiéu gdy ra nhidu vdi tin hiéu A.
Khi d6, tin hiéu A duoc thu mot cach dé dang.

2.2 Ky thuat trai phd
K§ thuat trai phd ra doi tir nhu cau bao mat thong tin trong quin su. Ly do dé
k¥ thuat ndy ra doi chinh 1a khién tin hiéu phat gidng v6i tap am. Cac may thu

khong mong mudn s& khong thé tach va 1ay duoc ban tin. Dé bién dbi cac ban tin
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duoc ma hoa thanh tin hiéu tua tap am, ta sir dung ma ngau nhién dé m3 hoa ban tin
nay. Tuy nhién, may thu mong mudn s& biét duoc ma hoa dé biét dugc ma hoa mot
cach chinh x4c, tir d6 ddng bd véi ma hoa ban dau va lay ban tin. Do vy, hé théng
phai str dung ma gia. Ma nay sir dung do rong bang tan 16n rat nhiéu so voi bing tan
cua ban tin. Ban tin dugc ma hoa sao cho tin hi¢u sau khi ma hoa c6 do rong phé
gan bang do rong phd cua tin hiéu gia ngau nhién. Qua trinh nay duoc goi 1a “qua
trinh trai pho”.
Mot hé thong thong tin dwoc xem 13 trai phd khi théa 2 diéu kién
+ Bang thong tin hiéu da trai pho 16n hon rat nhiéu so voi bang thong tin hiéu
thong tin.
+ M3 dung dé trai pho doc 1ap v6i tin hiéu thong tin.
Uu diém ciia ky thuit thong tin trai pho
+ Kha nang da truy cdp
DPong ¥ cho ngudi dung hoat dong trén cung mot dai tin, mot giai thoi gian
tuy nhién may thu van tach dugc tin hiéu dé thu vé. Bai vi khi d6 mdi nguoi da
dugce cAp mot ma trai phd riéng biét. May thu nhan duoc tin hiéu tir nguoi dung s&
giai ma va tach ra tin hiéu mong mudn.
+ Tinh bdo mdt thong tin cao
Doi v6i mirc nhidu nén, mat do phod cong suat rat thap. Boi vay cac may thu
khong trong hé théng rat kho phat hién duge tin hiéu khi dang truyén ¢ méi truong
nhiéu. Chi khi sir dung may thu phu hop véi quy luat ctia chudi gia ngau nhién méi
¢6 thé thu duogc tin tirc dua ra.
+ Bdo vé chéng nhiéu da dwong
Nhiéu da duong duge sinh ra do su phan xa, tan xa, nhiéu xa cua tin hiéu.Tin
hiéu tir tat ca moi dudng truyén chinh 1 cac tin hiéu cua ban sao phat di nhung da
bi giam di vé bién d9, bi tré véi tin hiéu truyén thang. Do d6, cac tin hiéu thu duoc
da sai léch, khong giong nhu tin hi¢u tir phia phat. Chinh vi vay k¥ thuat trai pho st

dung dé tranh nhiéu da duong dé thu duoc tin hiéu tot nhat.
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2.2.1 Trdi phé chudi truc tiép

Nguyén 1y co ban ctia hé thong trai phd chudi tryc tiép duoc thé hién ¢ hinh

2.2.
Mayphat e~y May thu
d(t) Bo diéu ché B giai diéu dr(t)

bang rong ché dir liu

A

B0 taoma | | BO tao song
PN C(t) mang

B0 tao song| | BO tao ma
mang PN Ci(t)

I
I
I
I
I
I
I
I
I
I
I
I
I
|
A :
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Hinh 2.2 So @6 khoi diéu ché va khéi giai diéu ché DS-SS
Tin hiéu truyén di duoc biéu dién dudi dang ludng cuc, sau d6 nhan truc tiép
v6i chudi gia ngiu nhién. O may thu, tin hiéu thu dugc nhan véi chudi trai phd lan
nita dé tao lai tin hiéu tin tuc.
Tin hiéu cin truyén di 13 d(t), c6 dang NRZ véi d(t) = 1, tc db bit fv. Thuc
hién nhan d(t) v6i chudi gia ngiu nhién c(t) ¢6 toc do bit fe véi f >> fo. Nhu vay:

c(b),
d(t)c(t) =<d(t) = +1
—c(t),d(t) (2.1)

Vi toc do bit fe ciia chudi gia ngau nhién 16n hon nhiéu so vé&i toc do bit fy
cua chudi tin hiéu truyén di, nén tin hi¢u d(t) s€ bi chia nhé véi tan s rat cao. Tan
s6 nay duoc goi 13 téc do chip. Sau d6, chudi tich sb d(t).c(t) dugc diéu ché BPSK
hoic QPSK. Gia sir ta ding diéu ché BPSK, tin hiéu sau diéu ché c6 biéu thuc:

Vs s (1) = 4/2P, d (t).c(t).cosw ,t 2.2)

Trong d6:  Ps la cong suit phat [W]
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Wo 14 tin s6 song mang [rad/s]

Néu so sanh (2.2) véi biéu thirc cia BPSK:

Viesk (1) = /2P d (t).cosw ,t (2.3)

/ g,
\ I'in hadu chua tras phod

lin hidu 4 traa phd \ .
E .

:t' ' -1 ' { t:
Hinh 2.3 Phé ciia tin hi¢u trwéc va sau khi trai pho

Ta nhan thy: V&i cing cong suat phat Ps, chudi s6 d(t).c(t) co téc do chip fe
chiém dai phé tan rong hon rat nhiéu so véi tin hiéu Vepsk ¢ tde do bit fh, vi vay,
mat d6 pho cong suit clia tin hiéu trai pho trai phd Vps.ss thip hon nhiéu so v6i mat
d6 phd cong suit cua tin hiéu khong trai phd Vepsk. Néu fe di 16n, mét d6 phd nay
s& rat thip va xen 1an v6i muc nhidu nén khién cho cic may thu thong thudng rat
kho khan trong viéc tach va lay ra tin hiéu tin tirc.

Tai may thu, tin hiéu Vps.ss dugc nhan véi tin hiéu gia ngau nhién ci(t) duoc

tai tao & may thu, giai diéu ché BPSK d¢é thu lai tin hi¢u tin tirc ban dau.

Symbol Spreadlng
-
Data A,
Chi
g
Spreading
Code —
Data x Code —
Despreading
Spreading
Code —
Data A.

Hinh 2.4 Dang séng ciia tin hiéu trwée trai phd va sau trai phd
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2.2.2 Trdi phé nhdy tin sé

K¥ thuat FH — SS dugc nghién ctu dya trén BFSK. Trong dé, tan sd song
mang duoc thay ddi lién tuc theo mot quy ludt gia ngiu nhién (dua trén chudi ma
ngau nhién st dung), nhd vy ma phd cua tin hiéu FH — SS duoc trai rong trén truc
tan sO. That vay, ng vé1 mot tan s song mang, dai tan s cta tin hiéu BFSK 1a B,
vay véi tin hiéu FH — SS dung L (L = 2N-1, v6i N 1a chiéu dai chudi ma) trang thai

nhay tan, pho tan cua tin hiéu FH — SS s& trai rong dén Brn = B x L nhu hinh 2.5

ll.f(‘—-\}I J.ff-\l
co Lo
! ! ! L
F1 :
B k
By
Hinh 2.5 Pho caa tin hiéu FH — SS
‘Méayphat \&‘Maythu

d(t) | Biéu ché Tron, bién b Tron, bién Giai diéu | di(t) !
—>| bang goc | doi tan lén b doi tan xuong > ché dir lisu[—>
7} b 7} i

L v |

Lo 1 Dong |

. Tong| | g e

b hop | |

B¢ tao mi PN Tonghop| | tan so ;
c(t) > tan sO i i A i

b v !

Lo B0 tao ma PN !

. 0 |

Hinh 2.6 So' @6 khdi tao va khdi thu tin hiéu FH — SS
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Tin hiéu FH — SS duoc tao bi mach tong hop tan sé diéu khién boi N+1 bit,

trong d6 bao gdm N bits ctia tir ma gia ngiu nhién va 1 bit sé d(t) cta tin hiéu thong

tin can truyén.

2.2.3 Trdi phé nhdy thoi gian

r 3
Fraquency

slot

—

frame

-

Time

Hinh 2.7 Truyén tin hiéu theo ky thuit trai ph6 theo thoi gian

Truc thoi gian duoc chia thanh cac khung (frame). Mdi khung lai duoc chia

thanh k khe thoi gian (slot). Trong mot khung, mdi k khe thoi gian duge chia sé cho

ting user dua theo ma. Tin hiéu truyén trong toan bo khung c6 téc do thap hon k

lan so v&i tin hi¢u truyén trong moi khe. Tan so can thiét cua tin hiéu truyén trong

mdi khe lai ting gap k lan.

Buffer

ﬂ slow in

B dicu

" | ché dir liéu

fast out

A
A
B0 tao ma PN B0 tao song
c(t) mang

May thu
Buffer

B giai diéu fast in dr(t)

A 1~ 1°A > —>
ché dir liéu

7y slow out
A

B0 tao song B0 tao ma PN

mang Cr(t)

Hinh 2.8 So' @6 khdi tao va khdi thu tin hi¢u TH — SS
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2.3 Ky¥ thuat da truy nhap phan chia theo ma quang
OCDMA Ia ki thuat da truy nhap phan chia theo m&@ quang, tir d6 cac ma
quang s& dugc cung cip dé nguoi dung truy nhap vao mang nhung khong thay vao
khe thoi gian.OCDMA khién d6 truyén dan nang cao, tinh linh hoat dé giup ngudi
stt dung cling nhu tinh bao mat tré nén hoan thién hon. OCDMA 1a c6ng nghé tiém
nang cho phép thay thé cic cong nghé hién tai trong mang truy nhap quang.
2.3.1 Ky thudt da truy nhdp phdn chia theo ma quang
Dbi v6i cong nghé OCDMA, nguoi ding duoc st dung tai nguyén mang
theo hinh thtrc gdn mdi ngudi mdt ma thay vi sir dung khe thoi gian TDMA hoic
WDMA. Chinh vi vay, cac tai nguyén cung budc song, xay ra cung mot luc s€ dugc
tiép can boi nguoi dung, duogc thé hién trong hinh 2.9: OCDMA thyuc hién ghép
kénh chuyén mach va xen/ré cac tin hi€u da kénh qua mang duong truc va mang do
thi (MAN), hodc két hop cia TDM va WDM thong qua ma héa va giai ma tin hiéu

quang truc tiép.

Buacsong, A

/, Ngudi siwdung 1

Ngudi s dung 2

7

—
Théi gian, t

Hinh 2.9 Chia sé tai nguyén theo ma
2.3.2 Cdc h¢ théng OCDMA quang
Néu chung ta phan loai dya vao sy khéc biét ctia cac phwong phap ma hoa tin
hiéu quang, ta co thé chia thanh ba loai hé théng OCDMA:
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- Hé théng OCDMA ma hoa trong mién thoi gian, trong d6 bao gdm hé thong
trai pho truyén thong va hé théng ma héa pha theo thoi gian.

- Hé théng OCDMA m4 hoa trong mién tan sd, bao gdm budc ma hoa pha phd
(SPE) va hé théng m4 hoa bién d6 phd (SEA).

- Hé thong OCDMA ma hoa lai ghép sir dung két hop cac phuong thirc ma hoa
néu trén. Vi du chung ta c6 thé co6 duoc ma hoa 2-D bang cach két hop ma
hoa trong mién thoi gian va mién budc song, hé thong OCDMA trai thoi
gian/nhay budc song (WH/TS). Néu ma hoa theo khong gian duoc két hop
véi thoi gian va bude song ta s€ ¢ dugec ma hoa khong gian/ thoi gian/budce
song.

Néu chung ta sap xép ching theo s6 lugng tai nguyén (thdigian, khong gian,
budc s6ng) dugc st dung, ta ¢d thé dugc chia thanh cac hé thing OCDMA mét
chiéu (1D OCDMA), cac hé théng OCDMA hai chiéu (2D OCDMA) va hé thong
OCDMA ba chiéu (3D OCDMA). Néu sy phan cuc nay ciing dua vao ma hoa, ta c6
thé dat duoc cac hé théng bon chiéu (4D OCDMA).

Néu ching ta phan loai cac hé théng OCDMA theo s6 luong cac budc song
dugc st dung dé ma hoa, ching c6 thé dugc chia thanh cac hé théng OCDMA don
budc song va cac hé théng OCDMA da bude song.

Kién triic hé thong OCDMA

Kién trac dién hinh cua mot hé théng OCDMA dugc minh hoa trong hinh
2.10. Tin hiéu tir K bd phat dugc két hop bang mot bo két hop va phat dén tit ca cac
bd thu bang mot bo chia quang. Mot soi quang duoc sir dung dé két ndi tir phia phat

dén phia thu va dugc chia sé gitra tat ca cac nguoi dung.
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Hinh 2.10 So d6 khdi ciia h¢ thong OCDMA

Ma sir dung trong hé thong CDMA quang

M& OCDMA phai tuan theo nhitng nguyén tic, d6 1a:

Dé khoi tao mé can c6 mot bo tham s dau vao, dau ra cua qua trinh tao
ma la mot tap cac tir ma do6i mét khac nhau.

Mot tir mi ¢6 thé chuyén doi sang tir ma khac bang phép dich.

Céc tir ma trong bo ma dé dang phan biét duoc voi nhau.

Néu xét theo 1y thuyét ma hoa thi cac loai ma can ¢ nhitng tinh chét sau:
Tat ca cac ma trong bd ma phai co gia tri ty twong quan dat dinh va cac
gia tri tuong quan cua tor ma do voi phién ban dich cia chinh nd giam
theo do dich cua tir ma.

Ham tuong quan chéo giita mot tir ma bat ki va tit ca nhitng tir ma khac

trong bd ma thap hon nhiéu so véi gia tri ty twong quan.

2.3.3.1 M4 nguyén t6 1D

Qua trinh tao ma nguyén t6 1D duya trén mot phép toan co ban cua toan hoc

dai sb: phép tinh dong du. Vi vy ma nguyén té 1D duogc coi 12 ma thude vé 16p ma

tuyén tinh dong du. Y tudng co ban dé tao nén ma dong du nhu sau. Pau tién, chon

lay mot s6 nguyén t p , tir p ta s& tao ra mot nhoém cac chudi tir ma y,i(j) | 0 <

i,j <p—1,bang cach st dung toan tir dong du trén trudng toan hoc Ga-loa co s6
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p GF(p). Sau d6, dua theo cac thuit toan cu thé ma anh xa cac chudi ma nay thanh
nhitng chudi ma nhi phan va gia tri y;(j) s& c6 y nghia 1a: cac chip ‘1’ & vi tri thi j
ctia tir ma thir i. Phép toan 1y dong du thudng duoc st dung c6 thé duoc dinh nghia

nhu sau:
yi(;a,b) ={i(aj + b)} mod, (2.4)

v6i a va b 1 nhitng hang s6. Khi a=1 va b=0 thi tuong tng véi d6 1a chudi ma
nguyén t6 duoc tao ra. Bang 2.1 minh hoa céc toan tir cong va nhan dong du trong

truong GF(7).

Bang 2.1 Phép toan cfng va nhan trong GF(7)

+/01 2 3 456 .10 1 2 3 456
0/01 2 3 456 0|0 0O0OO0OOO0OGO
11 2 3 4560 1/0 1 2 3 456
212 345601 GF(7) 2/0 2 46 1 35
313456012 3|10 36 2514
41456 012 3 410 41526 3
5|56 01 2 3 4 5/0 5316 4 2
6|6 01 2 3 45 6/0 6 543 21
Ki hiéu mot chudi ma nguyén t6 12 S; :
Si = (S0, Sits o+ Sijo o Sip-1y)si=0,1,...,p—1 (2.5)
v6i cac phan tir trong chudi ma §; j dugc dinh nghia nhu sau:

trong d6, S; ; , i va j 1a cac phan tir thudc truong GE(p ).

g
Sau d6 dé tao ra chudi ma nhi phan Ci tir Si, ta 4p dung phép 4nh xa sau:

C; = (Ci0, Ciny -  Cijo s Cip-y), i = 0,1, ..., p — 1,n = p? (2.8)
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O day, mdi chubi ma 1D c6 d6 dai 1a n = p? va trong sd 1a w = p. Gia tri
tuong quan cuc dai cia mot ma vdi phién ban dich ctia chinhnélaY, =p — 1, gid
tri tuong quan chéo cuc dai 1a Y, = 2 . Véi p = 7, chudi nguyén t6 Si va chudi ma

nhi phan nguyén t Ci trong GF(7) dugc minh hoa trong Bang va Bang .

Bang 2.2 Chudi nguyén t Si trong GF(7)

Sio Sii Siz Siz Sia Sis Sie
0

OO WNEFE O —
OO OO oOoOo

O UlTh WNPEFEO
G wErkro pA~NO
AP OINO WO
wonNOIF-, MO
N PO WOOoO
P NWkKOOIO O

T Bang ta c6 thé thdy mdi ma nguyén té 1D dugc chia thanh p khoi, mdi
khéi c6 d6 dai bang p. Trong mdi khdi nay, chi c6 duy nhat mot chip ‘1” trong dé.
Uu diém cua ma nguyén t6 1D 1a d& khdi tao. Tuy nhién, s6 lugng nguoi ding t6i
da ma ma nguyén t6 1D hd tro bing voi s6 nguyén t6 khai tao bo ma p. Vi vay, dé

hd tro nhiéu ngudi dung hon, bat budc s6 nguyén t6 phai 16n.

Bing 2.3 B ma nguyén to trong GF(7)

Ci
1000000 1000000 1000000 1000000 1000000 1000000 1000000
1000000 0100000 0010000 0001000 0000100 0000010 0000001
1000000 0010000 0000100 0000001 0100000 0001000 0000010
1000000 0001000 0000001 0010000 0000010 0100000 0000100
1000000 0000100 0100000 0000010 0010000 0000001 0001000
1000000 0000010 0001000 0100000 0000001 0000100 0010000
1000000 0000001 0000010 0000100 0001000 0010000 0100000

OIS WDNPEFE O -

2.3.3.2 M4 nguyén t6 2D WH/TS
M3 nguyén té hai chiéu trai thoi gian/nhay budc song - 2D WH/TS ra doi
nhim giai quyét vn dé vé han ché sé luong md ma mi nguyén to 1D dé lai. Sb

lugng ma nguyén t6 1D bang chinh sé nguyén t6 p khdi tao vi vay khi sb luong
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ngudi dung ting thi déng nghia véi viée chudi trai phd phai dai, tir d6 dan dén hiéu
qua truyén din giam xudng dang ké, 1am trAm trong thém MAL Viéc str dung ma
2D WH/TS di dugc kiém ching rang né khong chi hd trg nhidu ngudi ding hon ma
1D ma con cai thién hiéu nang cta hé thdng, don gian hoa viéc diéu khién va quan
1y, Gt ngan qua trinh xir Iy va gia thanh phan ctng khi trién khai.

Ma 2D WH/TS duogc xay dung dya trén sy mo rong cua ma 1D. O day, ta su
dung hai s6 nguyén t6 dé xay dung nén bé ma. Bang 0. va Bang 0. dugc dua ra dé
minh hoa qua trinh tao ma.

Ta goi s6 nguyén t6 sinh chudi trai thoi gian 13 ps va s6 nguyén té sinh chudi
nhay budc song 1 pn. Dé minh hoa don gian qu4 trinh, gia sir s6 nguyén to ps = pn =
p duoc st dung chung cho ca hai qua trinh sinh ma. Tir s6 nguyén t6 ndy, mot bo
chudi ma duoc tao ra, nguyén tic tao giéng nhu trong phan Error! Reference
ource not found.. Véi p = 5, chudi nguyén t6 Sj tao ra 1a: S, =(00000), S; =
(01234),5,=(02413),S;=(03412) va S, =(04321). Tiép dén dit cac
chudi ma H |i=1234 nhu sau: H;=(01234) , H,=(02413), H; =
(03412)vaH, =(04321). Chudi ma Si chinh 1a chudi ma trai thoi gian va chudi
ma Hi 13 chudi ma trai budc song. O day can chu ¥ rang trong cac chudi ma Hi thi vi
tri bit ‘1> chinh 14 chi s6 cua budc song trong chudi nhay budc song, vi viy ma
chudi ma H, chtra toan ‘0’ khong dugc sir dung do nd khong c6 nghia khi két hop
véi cac chudi ma trai thoi gian.

Bang 0.4: M nguyén t6 xay dung tirp =5

_ J 0 1 2 3 4 Chudi ma nguyén t6 S

|

0 (s0) 0 0 0 0 O 10000 10000 10000 10000 10000
1 (o) 0 1 2 3 4 (H) 10000 01000 00100 00010 00001
2 (o) 0 2 4 1 3 (Hy 10000 00100 00001 01000 00010
3 (o) 0 3 1 4 2 (Hy) 10000 00010 01000 00001 00100
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4 (s 0 4 3 2 1 (Hy 10000 00001 00010 00100 01000

Budc tiép theo duoc tién hanh nhu sau: ldy 1an luot cac chudi ma trai thoi
gian va cac chudi mi nhay budc song két hop voi nhau theo quy luat: chudi ma trai
thoi gian S; quy dinh vi tri xung con chudi mi nhay buéc song H; quy dinh budc

song ciia xung d6. Két qua dugc thé hién trong Bang O..

Bang 0.5 B ma nguyén to 2D p=5

Ma nguyén té 2D, p=5

soH; 2,0000  A,0000 21,0000 ;0000  A,0000
soH, 2,0000 21,0000 21,0000 ,0000  A,0000
SoHs ° 2,0000 21,0000 21,0000 A,0000  A,0000
SoH, 2,0000 21,0000 21,0000 24,0000  A,0000
s.H, 2,0000 02,000 001,00 000A;0  O00OA,
s, H, 2,0000 02,000 001,00 000A,0  0000A;
sy Hs ' 2,0000  0A;000 001,00 000A,0  0000A,
sy H, 2,0000 02,000 00A;,00 000A,0  0000A,
s, H, 2,0000 002,00 0000A, 0A;000  000A,0
s,H, 2,0000 002,00 0000A, 0A,000  000A;0
s,Hs : 2,0000  00A;00  0000%, 0A,000  000A,0
syH, 2,0000  00A,00 0000A; 0A,000  000A,0
ssH, 2,0000 000A,0  0A,000 0000A;  00A,00
s3H, 2,0000 000A,0 02,000 00007, 00500
s3Hs X 2,0000 000A;0  0A,000 00007, 00A,00
s3H, 2,0000 000A,0 0A,000 0000A,  0OA,00

ssHy, 4 2,0000 00007, 000A,0 00A;00  0A,000
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s3H, 2,0000  0000A, 000A,0 00A,00  0A5000
s4Hs 2,0000 0000A; 000A,0 00A,00 0,000
s4H, 2,0000 00007, 000A;0  00A,00 0,000

Tu day, ta co thé c6 mot s6 nhan xét vé ma 2D WH/TS nhu sau: sb luong
chip trong mat chudi tir ma 12 n = p2 va trong s6 1a w = p, va kich thudc cua tap
ma la p(p — 1). Ngoai ra cac gia tri twrong quan cuc dai cia mot ma vai phién ban
dich cua chinh n6 1a Y, = 0, gia tri twong quan chéo cuc dai la Y. = 1, trong khi
d6 gia trj ty twong quan tdi da bang trong sé ciia ma w. Nhu vy, c6 thé thay ring
mi 2D WH/TS da ting cudng duge s6 lugng nguoi st dung, cac rang budc vé diéu
kién tuwong quan nhoé ciing lam cho cac ma 2D WH/TS phu hop hon véi viée truyén
dan bat dong bo gitra nhirng nguoi st dung.

2.3.4 Nhiéu trong hé thong CDMA quang
2.3.4.1 Nhiéu bo thu

Trong bd thu cé hai loai nhiéu chinh d6 1a nhiéu luong tir va nhiéu nhiét.
Nguyén nhan chinh gay ra sy thang giang dong tach quang tai bd thu chinh 1a hai
loai nhiéu nay trong khi cong suét tin hiéu thu (Pin) khong doi.

Ban chét cta nhiéu luong tir 1a do dong dién tach quang duoc tao ra tir dong
chuyén dong cua cac dién tir ma cac dién tir nay lai dugc tao ra mot cach ngéu nhién
theo thoi gian. V& mat todn hoc, su thing gidng ctia dong dién do nhiu luong tir
gdy ra 1 mot tién tronh Poison dirng, va c6 thé x4p xi bdi théng ké Gauss. Phuong
sai cuia nhiéu nhiét c6 thé biéu dién dudi dang

ol = 2eRP,,B, (2.9)
trong d6 e la dién tich dién tir. R 1a dap Ung cua bd tach song quang. Be 1a bang
thong dién (nhiéu) hiéu dung cta bo thu. Gia tri thuc té cua Be phu thudc vao thiét
ké bo thu.
2.3.4.2 Nhiéu da truy nhap
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Nhiéu da truy nhap (MAI) 13 mot trong nhitng ngudn nhidu chinh trong cac
hé théng OCDMA, 13 nguyén nhan chinh gy suy giam chat luong cta hé thong.
MAI giy ra boi cac ngudi sir dung hoat dong ddng thoi trong mang, cac xung MAI
1a cac xung quang xuat hién dong thoi va co cling budc séng voi xung mong mudn.
Mirc d6 anh hudng cia MAI duoc quyét dinh béi hai tham sé chinh: (1) sé luong
ngudi dung cung hoat dong trén mang va (2) gia tri twong quan chéo giit cac chudi
ma phan bd cho cic nguoi dung trén mang.

Pé giam bSt anh hudng ciia MAI, cac loai mi co gia tri twong quan chéo nho
thuong duogc str dung. Pidu nay dong nghia véi viée can cac chudi ma c6 do dai 16m,
vi du ma nguyén t6. Giai phap thtr hai 14 st dung phuong thtic diéu ché vi tri xung
PPM . Tuy nhién, ca hai giai phap néu trén déu dan t6i 1am hep do rong xung quang
va hé théng s€ b1 anh huong manh hon bédi tan sac.

2.4 Két luin chwong

Chuong 2 di tim hiéu nguyén Iy CDMA, ba k¥ thuat trai phd d6 1a: trai phd
chudi truc tiép, trai pho nhdy tan sb, trai phd nhay thoi gian, tim hiéu vé ki thuat da
truy nhap phan chia theo md (OCDMA), cach phan loai hé thdng OCDMA ciing
nhu céac loai mi hay dugc sir dung trong hé théng CDMA quang.
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CHUONG 3: PHAN TiCH VA PANH GIA HIEU NANG

MANG VLC DUA TREN KY THUAT CDMA

3.1 Giéi thiéu chung

Hé thong truyén thong bang anh sang nhin thidy (VLC) dua trén didt phat
quang (dén LED) trong co s& ha tang chiéu sang da tré thanh sy quan tim nghién
ctru. Mot s6 loi thé co thé dugc cung cip bdi VLC 1a chi phi hidu qua, khong can
gidy phép va bao mat cao [2]. Nhiéu nghién ctru da tip trung vao cac k¥ thuat tién
tién dé cai thién téc do dit liéu cua hé théng VLC gitta cac diém [3,4]. Tuy nhién,
trong mot hoan canh thyc té nhu trong mot ngdi nha hodc tdoa nha van phong, mang
VLC can duoc thiét ké dé hd trg nhiéu nguoi dung. Trong trudng hop ndy, mang
VLC c6 thé dong vai trd nhu mot mang cuc b khdng day, ving ca nhan (WLAN,
WPAN) [2,5].

Mot sb k¥ thuat da truy nhdp da dugc xem xét cho cac mang VLC da nguoi
ding bao gém da truy cap phén chia theo tan sé truc giao quang (O-OFDMA) [6],
da truy cap khong truc giao (NOMA) [7], da truy cap phan chia theo khdng gian
(SDMA) [8], va da truy nhap phan chia theo ma quang (OCDMA) [9]. So vdi cac
k¥ thuat da truy nhap thong thuong khac, OCDMA mang lai mot s6 wu diém, bao
gdm truy cip khong dong bd cho két ndi téc d6 cao, dung luong mang linh hoat,
chat luong kiém soat dich vu ¢ 16p vat 1y va tinh bao mat von co [10]. Ngoai ra,
OCDMA dugc coi 12 mot trong nhitng ky thuat tiét kiém chi phi nhat dé triét tiéu
hoic hiy boé nhiéu da nguoi dung (MUI).

Pi ¢6 mot s nghién ciru danh cho mang VLC dya trén OCDMA [1].
OCDMA da dugc trién khai 1an dau tién trong giao dién VLC cho mang Ethernet
[11]. DBé d& thyc hién, cac mi quang ngiu nhién da dugc sir dung cho phuong phép
OCDMA. Co ché ddng bo ciing duoc str dung dé chéng lai cac dic tinh kém twong
quan. Trong qua trinh thyc hién, giao tiép chi dugc khao sat giita mot may phat va
mot may thu, do dé tac dong ciia nhiéu xay ra giita cac nguoi dung khong duoc xem
xét. Noshad va cong su di phat hién tin hiéu da cap va ma truc giao quang (OOC)

cho mang VLC [12]. Cac tac gia di st dung thiét ké khoi can bang khong hoan
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chinh (BIBD) d xay dung cac ky hiéu da cip. Ty 1é 16i bit (BER) cua mang ludi
VLC duoc dé xuat duge khao sat so véi sd lugng ngudi ding dang hoat dong thong
qua bd mo phong. Ngoai ra, Idriss et al. dd nghién ctu mang VLC su dung
OCDMA dua trén k¥ thuat ma héa bién do phd (SAC) [13]. Ba loai ma quang bao
gdm mi Khazani-Syed (KS), mi twong quan chéo linh hoat (FCC) va mi dong du
bac hai (MQC) sura ddi da duoc xem xét cho mang VLC dua trén SAC / OCDMA.
Hiéu ning mang di duoc khao sat théng qua mo phong cho trudng hop sé luong
nguoi dung bi giéi han ¢ 3 nguoi dung. Gan day, cac hé théng VLC dua trén
OCDMA véi cac kich ban tng dung khéc nhau da dugc Qiu va cong sy nghién ctru
toan dién [9]. Cu thé hon, cac tac gia tip trung vao kién tric hé thong, thiét ké ma
va kich ban ung dung cua h¢ théng VLC dya trén OCDMA st dung ma ludng cuc
va ma don cuc. Hiéu suét ciia chung ciing duoc khao sat vé s6 luong nguoi ding
duoc hd trg, BER va ty 1é tin hiéu trén nhiu (SNR) duoc yéu cau. Bén canh do,
mot nghién ctru khac di xem xét cac k¥ thuat phan b tai nguyén trong mang VLC
dua trén OCDMA véi cac viing pha song chong chéo [14]. Viéc phan bo tai nguyén
dugc st dung dé gan ma cho mot nguoi dung nhat dinh. Cac thong sb hiéu suit
khac nhau bao g@)m tbc dd dir lidu co thé dat duoc, xac suit ngung hoat dong va
phan trim ngudi dung truy cdp di duoc giai quyét bang mé phong. Cudi cing
nhung khong kém phan quan trong, Chen et al. giai quyét va trién khai CDMA cho
hé thong VLC véi k§ thuat diéu khién mo (giam niang lugng va anh sang ciia LED
di-ot) [15]. Céc tac gia thuc hién hé thong VLC thir nghiém thoi gian thuc véi luoc
d6 CDMA duya trén lap trinh chudi cong tai hién truong (FPGA), phuong phap nay
s€ dat duoc hi¢u nang BER tdt.

Céc nghién ctru trén cha yéu tap trung vao phan tich hiéu ning cua hé thong
VLC dya trén OCDMA st dung cac loai ma quang khac nhau. Theo do, phan tich
hiéu nang chi tinh dén tac dong cia su can thiép cua nhidu ngudi ding va dugc diéu
chinh boi cac thudc tinh ciia ma. Tuy nhién, dé danh gia dugc tinh kha thi ctia mang
VLC da ngudi dung st dung OCDMA thi ching ta can phai khao sat mot kich ban
thuc té hon. Trong ¢4 mé hinh kénh VLC, céc tham s cua bd thu phat VLC va giao
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thirc truyén hai chiéu sé dugc xem xét cu thé. Dya trén sy thiéu sét ton dong cua

nhitng nghién cru nay, muyc ti€u chinh cia chuong 3 1a dé xuat mot kién tric méi

cho mang VLC trong nha c6 thé hd tro truyén hai chiéu cho nhiéu ngudi ding trong

mot phong. Cu thé hon, c6 thé tom tat nhitng dong goép nhu sau:

R/
0‘0

Pé xudt mot kién tric mang VLC hd trg viéc trao ddi dix liéu gitra
nhimg ngudi ding trong mot cin phong nhu thé hién trong Hinh 3.1.
Trong trudng hop nay sé& co thém truong hop khong c6 két ndi tAm nhin
(LOS) gifta nhitng ngudi ding do dén cac vat can. Pé giai quyét truong
hop nay, dé xuit str dung mot bd phdi hop gin trén tran nha, dong vai
tro nhu nat chuyén tiép nhan tin hidu tr mot ngudi dung va sau do
chuyén tiép n6 dén nhitng nguoi dung khac. Dé két néi mang nay voi
Internet, mot nut cong duoc két ndi vai bd phdi hop dé giai ma tin hidu
tir nhiéu nguoi dung va sau d6 chuyén tiép chung dén Internet va nguoc
lai.

Thuc hién thiét ké mot giao thirc cung cp truyén dan ban song cong
hai chiéu dua trén ma hoa mang tuong tu (ANC) va hd tro nhiéu nguoi
dung véi su trg gitip cia OCDMA. So d6 truyén thong song cong hai
chiéu thong thudng can bdn khe thoi gian dé trao doi goi gitra hai
nguoi dung trong khi ANC chi yéu cau hai khe thoi gian. Nho viée
giam cac khe thoi gian can thiét, cac mang VLC dugc dé xuat c6 thé
dat dugc thong luong 16n hon.

Xay dung biéu thirc toan hoc cho BER va thong lugng clia mang VLC
dugc dé xuat két hop v6i mo hinh kénh VLC trong nha, cac thong sd
cua bo thu phat VLC, tac dong cta tap am va nhiéu. Cac biéu thirc toan
hoc thu duoc c6 thé s& duoc st dung dé khao sat hiéu suét mang so voi

tham s6 16p vat 1y khac nhau dé danh gia tinh kha thi cia mang VLC.
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— —F Khe thiv sian thirnhit ~—~ " ®Khe thii gian thi hai

Hinh 3.1 M6 hinh mang VLC

3.2 Mang va mo hinh kénh
3.2.1 Md hoa mang twong tw

Ma hoa mang tuong tu 1a ma héa mang cua cac tin hi€u vat Iy mang thong
tin tir nhiéu ngudn. Vé mit 1y thuyét, ANC da dugc ching minh raing ANC sé& gip
d6i dung luong cia mang chuyén tiép hai chiéu chinh tic [15]. Trong chuyén tiép
hai chiéu thong thuong duoc trinh bay trong Hinh 3.2 (a), can bdn khe thoi gian dé
chuyén hai géi tin bag VA bga gifta nit A va nit B qua nat chuyén tiép R. Trong
Hinh 3.2 (b), md hoa mang k¥ thuat s6 (DNC) yéu cau ba khe thoi gian dé chuyén
bag Va bea. DNC dua trén chuyén tiép giai ma va chuyén tiép, trong d6 nat chuyén
tiép phat br = bag @ bsa dén nit A va nat B. Vi ma hoa mang twong tu duoc hién
thi trong Hinh 3.2 (c), chi can hai khe thoi gian nho st dung chuyén tiép khuéch dai
va chuyén tiép. Cu thé hon, trong khe thoi gian dau tién, ca nat A va nat B déu
truyén tin hiéu cua chung, Sas Va Sga, tdi nut chuyén tiép. Tin hiéu nhan duoc tai nit
chuyén tiép, tic 13, yr = Sas + Sea, duoc khuéch dai va phat téi nit A va nat B trong

khe thoi gian tht hai. Nut A trich xudt Sea = Yr — Sag (twong tu cho B).
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setl A R B A R B A R B

\ (al \\_ (b} _/ \‘_ (c) _/

Hinh 3.2 (a) Chuyén tiép hai chiéu thong thuwong; (b) Ma héa mang s0; (¢) M héa

mang twong tw [15]

M6 hinh mang

Mang VLC véi K ngudi dung va mot bd phdi hop, déng vai trd nhu mot nat
chuyén tiép. Trong truong hop nay, mi hoa mang twong tr dugce ap dung cho da
ngudi dung nhd CDMA quang, trong d6 moi nguoi dung duoc gan mot chudi ma
duy nhét. Nhiéu cip ngudi dung cé thé trao doi dir liéu bat déng bod va dong thoi
cling véi su tro gitip ctua bd phdi hop. Trao do6i dit lidu hai chiéu gitta bat ky cip
ngudi dung nao déu xay ra trong hai khe thoi gian. Trong khe thoi gian dau tién, tat
ca ngudi dung trai phd dang song dién theo muc bit ctia ho thanh dang séng quang
theo murc chip, sau d6 dugc truyén toi bd phdi hop. Cu thé hon, ngudi dung thir k
gt tin hiéu quang Sk(t) dai dién cho bit “1” trong khi khong c6 tin hiéu nao duogc

truyén cho truong hop bit “0”. Sk(t) c6 thé dugc biéu thi nhu sau:

Sk(0) = Bl e (Op(t — 1T [Bexplj(wct + 60): 3.1)

Trong d6 L 1a d6 dai ma, Tcla thoi gian chip va P 1a cong suét truyn trén

mdi chip cia ngudi dung thir k. Tan sé séng mang quang va do léch pha duoc ky
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hiéu twong ung la we va Bk . p(t — iT,) la xung hinh chit nhat, cé gia tri l1a 1 trong
khoang thoi gian t € [0, T1, ¢, ;1a chip thi i ciia chudi ma ¢, trong d6 1 < i < L.
Tai bo phdi hop (Hinh 3.3), tin hiéu tir tit ca nguoi dung dugce két hop va
chuyén déi thanh tin hiéu dién tai bd tach séng quang (PD). Tin hiéu dién két hop
sau d6 duoc khuéch dai va chuyén ddi tro lai thanh tin hiéu quang bang cach diéu
chinh cudng d6 ciia cac didt phat sang (LED), dugc sap xép thanh mot chudi nham
muc dich vira truyén thong vira chiéu sang. Tin hiéu két hop ¢ dau vao cta bo phdi

hop trong thoi gian mét bit dugce xac dinh theo:

P =) cuOp(t = i) [B VexpliCwct +6,)] a2
k=1i=1

trong d6 K 1a sd luvong nguoi ding Pk(R_C). 13 coéng suat nhan duoc trén mdi chip tai
bo phdi hop, PF™ = PPHUT,G,,y, , trong d6 HY 1a hé s6 kénh cua tuyén 1én,
Geony 12 d0 loi ctia b tap trung quang va T la d6 loi cuia bo loc quang. Tin hiu &
dau ra ctia bd phdi hop sau khi xir Iy quang /dién /quang (O/E/O) c6 thé dugc biéu

dién nhu sau:

K L
P =) ) @ — i) [P Oexpliwct + 6,)]
1

k=1i=

(3.3)

Trong d6, P~ = P& 9Rm, G, 5p , R 14 dap tmg cua PD, m, 1a chi s

diéu ché, G, 1a d0 loi cua bo khuéch dai va nygp la s6 dén LED trong mang LED.
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5D

L R Gy my "iED AT
8,(1) 7 '
S Modu- LED f
° Filter |=> PD |- D — lation ) array B
Sy =
Sl b

Hinh 3.3 So d6 khéi ciia bd phdi hop
Trong khe thoi gian thir hai, tin hiéu quang két hop duoc phat lai cho tat ca
ngudi dung. Tai bo thu ctia mdi ngudi dung, tin hiéu quang trudc tién duoc chuyén
d6i thanh tin hiéu dién va sau d6 dugc giai ma dé loai bo tin hiéu khoi tin hiéu két
hop. Dé khoéng mat di tinh téng quat, chung ta co thé gia dinh ring ngudi dung #c
¢ gang tach tin hiéu tir nguoi ding #d. Tin hiéu tai bd thu cta ngudi ding #c, sau

khi gidi ma mang tuong tu, dugc biéu dién nhu sau:

S () = Thy cas(®Op(t = T [P expli(wet + 6,)]

K L o [ o (34)
+ Zk:l,k:#c,d Zi:l Ck,i(t)p(t - ch) Pk exp[](wct + ek)]

O day, S 1a uéc luong tin hidu dugc phat tr nguoi dung #d va P =

Pk(T_C) H ,ED)TC Geon, trong d6 H ,ED) 1a hé s6 kénh tuyén xudng. Biéu thirc s6 hang dau
tién trong cong thire (3.4) 1a tin hiéu mong mudn trong khi s6 hang thir hai dai dién
cho nhidu da nguoi dung. Cudi cung, ngudi dung #c khoi phuc cac tin hiéu mong
mudn tir Ngudi dung #d bang cach sir dung chudi ma thich hop, tirc 1 c 4 (t).
3.2.2 M6 hinh kénh VLC

Kénh anh sang nhin thiy c6 thé dugc mé hinh héa nhu mot kénh nhidu

Gaussian trang cong quang tuyén tinh (AWGN) va dugc biéu dién nhu sau:

y(t) = x(6) ® h(t) + n(t) (3.5)
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Trong d6 x(t), y(t), @ va h(t) twong tng dai dién cho tin hiéu truyén tic
thoi, tin hiéu nhan tac thoi, tich chap va dap tng xung kénh. n(t) 1a nhiéu Gaussian
va ky hiéu ® biéu thi toan tir tich chap. Do loi kénh d. 1a phép bién doi Fourier cua
h(t) va c6 thé duoc xéac dinh theo [16 ]:

. {(’;1;;3"‘ cos™(@)T, () g(W)cos(¥), 0 < P < P
0,1 > P, ’ (3.6)

Trong d6 A, d, ¢ vap tuong ung la dién tich vat ly ctia bo tach song trong
photodiode, khoang cach giira may phat va bé mit mdy thu, goc chiéu xa hop véi
tryc phap tuyén ciia bé mit may phat va goc toi ddi voi truc phap tuyén cia bé mat
may thu. T, (y)la do loi cia bd loc quang va P, 1a d rong cua truong nhin (FOV)
tai may thu. D¢ loi cua bd tép trung quang tai may thu, g, va bic cua phat xa

Lambertian, m, dugc xac dinh béi [16]

2

n
_ )5 0=y =y
W) = 2. '
gy sin lI(J)J/) . 3.7)
_ In(2)
ln(cos((bl/z))’ (3.8)

Trong d6 nva @, /zlén luot 1a chiét suat va ban goc nia cong suat. Trong
phan tich, hé s6 kénh cta duong 1én H,EU) va duong xubng (H,ED)) duoc tinh bing
cach sur dung cong thuc (3.6), trong do d, ¢ va ¥ dugce xac dinh dua trén toa do cua

ngudi ding tht k va ngudi didu phdi.

3.3 Phan tich hi¢u nang
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3.3.1 Tilé i bit

Trong phan tich nay, ta gia dinh rang tit ca nguoi dung déu cé cliing xac suat
phét bit “1” va bit “0”, bang 1/2. V& thudc tinh cua bdo ma, ta ky hiéu L,w vay
tuong ung 13 do dai ma, trong s6 mad va gia tri twong quan chéo. Ldi bit duge tinh
todn dua trén tin hi¢u nhan dugc trong thoi luong mot bit. Khi ngudi dung mong
mudn giri bit “1”, s& ¢6 w chip quang tir ngudi ding mong mudn va A chip quang tir
mdi ngudi ding khong mong mudn xuét hién ¢ du ra ctia bo giai ma OCDMA cia
may thu. Khi nguoi dung mong mudn guri bit “0”, chi A chip quang tir ngudi dung
khong mong mudn xuat hién ¢ dau ra ctia bo giai ma. Khi ngudi dung #c tach tin
hiéu do nguoi dung #d gtri, dong dién cho cac truong hop cia bit “1” va bit “0” co

thé duoc biéu dien nhu sau:

1D = RwP® + Pyy)), (3.9)

19 = RPyy;, (3.10)

trong d6 R 1a dap tng ciia PD. Py, 1a cong suat nhiéu da nguoi ding , duoc diéu
chinh boi gia tri twong quan chéo (L) va sé luong ngudi dung dang hoat dong (1)
nhu Pyy; = Yh_i AP,. Trong truong hop cong suat quang tir mdi ngudi ding duoc
diéu khién dua trén vi tri cia n6 dé cong suét nhan duoc tai nguoi dung #c, tir tat ca
ngudi dung déu gidng nhau va dugc ky hiéu 1a P®. Tong cong suat MUI dugc viét
13 Pyy; = AP

Ta Xét ba loai nhiéu trong khi phan tich hiéu suit ning bao gém nhiu nd,
nhidu nhiét va nhidu gao thoa quang, c6 phuong sai lan lugt dugc xac dinh theo:

[16], [17]

o4_, = ZqER(de(R) + PMU,)B +2qlp1;B, (3.11)

O-SZh—O = quPMUIB + ZqIBlzB,
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16m2kI'T,
o ————C?%,A%,1,B3,
=G 0 palppl3 (3.12)

l
BL
2 _ (5L z(R)z (R)

Cong thirc (3.11) cho thiy phuong sai nhidu nd cho hai truong hop bit “1” va
bit “0” (62,_, V& 62,_,), trong d6 q, I, va I 1a dién tich, tich phan thanh phan hoac
“s hang” tht hai , va dong dién nén dugc do bang céach sir dung anh sang mit troi
truc tiép. Bang thong nhifu twong duwong B = R,, v6i R,la toc d6 dit liéu kénh
VLC. Coéng thtrc (3.12) biéu thi phwong sai nhidu nhiét, trong d6 k 13 hing s
Boltzmann, T 1a nhiét d¢ tuyét doi, G, 1a do loi dién ap vong hé, C,4la dién dung cb
dinh cua bo tach séng quang trén mot don vi dién tich, I' 1a hé s nhiéu kénh bong
ban dan hiéu ung trudong ( FET), g,,1a hé s6 truyén dan cua FET, va ;14 tich phan
thanh phan (s6 hang) tha ba. Nhifu giao thoa quang, duoc tinh bing cong thic
(3.13), duoc tao ra khi tin hiéu quang mong mudn va tin hiéu gay nhiéu duoc két
hop tai bo tach séng quang. Trong cong thie (3.13), B, 1a bing thong quang. Tong

phuong sai nhidu ddi véi cac truong hop cia bit “1” va bit “0” twong tmg 1a

2 _ 2 2 2
0{ = Osh—1 + Oty + Opy,s

(3.14)

¢ =gl _y+0h.
0y = Osh—o th (3.15)

Theo cong thac (3.4), tin hiéu MUI dugc dong gop tr K — 2 nguoi dung
gay nhiéu, trong d6 [ nguoi dung (trong sé K — 2 ngudi dung gdy nhifu) dang phét
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bit “17. Do d6, | c6 thé dugc mo hinh héa nhu mot bién nhi thirc véi xac suat % Gia
st rang ngudng tdi wu dugc st dung, xac suat c6 diéu kién dé giri bit “1” va phét
hién bit “0” bang x4c suat guri bit “0” va phat hién bit “1”. Do d6, ty 18 13i bit c6 thé

duoc tinh toan:

K-2
K—2 ] _ (0)
=S )
= L 01 + 0p (3.16)

trong d6 “Q(.)” 1a ham Q.
3.3.2 Thong lwong mang
Thong luong mang dé cap dén toc do dir liéu trung binh cua viéc phan phoi
goi dit liéu thanh céng qua mang va dugc do bang bit trén gidy (b/s). B¢ tinh toan
thong luong mang, ta ky hiéu N 1a sb bit ctia mot goi dir liéu va T, 13 thoi luong cta
khe, no1 mot géi dugce chira. Theo do, tdc do dir liéu danh nghia cé thé duoc biéu thi
bang R, = N /T, (b/s). Vi b phdi hop dya trén ANC véi chuyén tiép khuéch dai va
chuyén tiép, cac 16i gbi & nguoi ding #c phu thudc vao goi 18i tai nguoi ding #d
va nguoc lai. Do d6, dinh nghia Q,.va Q, 1an lugt 1a cac su kién ma maot gai tin
dugc nhan mot cach chinh xac tai nguoi dung #¢ va nguoi dung #d. Ngoai ra, Q. va
Qg duoc biéu thi 1a cac su kién bd sung. Do d6, chung ta c6 P(Q,) P(Q,) la xac
suat ctia cac bién cd Q, va Q,, trong d6 x € {c, d}. Trao ddi goi giita nguoi dung #c
va nguoi dung #d xay ra trong hai khe thoi gian, tic 1a 2T;. C6 ba kha nang ma mot
201 dugc nhan ding tai nguoi dung #c hoac va nguoi dung #d nhu sau:
% Ca Nguoi dung #c va Nguoi ding #d déu nhan ding goi tin v6i Xac suat
1a P(Q, Q)
% G0i tin chi dugc nhan dung tai Nguoi dung #c hoac Nguoi dung #d vai
X4c suat P(Q,, Q,) hoic P( Q. Q)



54

Gia su réng mot géi dugc truyén lai cho dén khi n6 duge nhan chinh xéc, thi
sO khe thoi gian trung binh can thiét dé guri géi thanh cong 1a 2T, /P(X,Y). Thong

luong hai ngudi ding dugc cung cap boi

o 2N N N
="t 21, " T,

P(Qc; Qd) P(Qc, ﬁd) P( ‘(_)'C! Qd)

= Z[2P(Qc, Q) + P(Q, 0g) + P(0c, Q)]
(3.17)
- % [P(Q) + P(Q4)]

= R? [(1— PEP;_.) + (1 — PEP,_y)]

Trong 46 PEP,_, VA PEP,_;1a cac xac suat 16i goi tai ngudi ding #c va
Nguoi dung #d, dugce gia dinh 1a gidng nhau do tinh dbi xtmg. Trong trudng hop
xac sut 161 goi ¢ tat ca nguoi dung 14 nhu nhau, duoc ky hiéu la PEP,_,,, thong

lurgng mang c6 thé dat duoc tir thong lugng cia hai ngudi ding nhu dudi day

TPy = [g] TPy, = [g] Rs(1— PEP,), (3.18)

trong d6 [.] 12 toan tir san va K 1a s6 nguoi dung. Boi vai goi dit liéu c6 do dai N
bit, xac sudt 15i goi 1a ham cua ty 1& 16i bit va diéu nay co thé duoc tinh todn nhu
duoi day

PEP,, = 1— (1 — BER)" 19



3.4 Céc két qua sb liéu

Xét mot mang VLC bén trong mot can phong cé kich thudc dién hinh 1A W =
5m, D =5mvaH = 3 m Nim chinh giita trAn nha 13 b phdi hop huéng
xuéng d4t, con nam trén mat phéng co do cao Hy= 0,75 m so véi mat dat 1a cac thiét
bi huéng vé bd phdi hop. Mang VLC duoc xem xét dua trén ma tryc giao quang
(OOC) (43, 7, 1) voi do dai ma 1a L = 43, trong s6 ma 1a w = 7, va gia tri tuong

quan chéo 1a A = 1. C4c hang s6 va tham sé mang khac dugc thé hién trong Bang

3.1.
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Bang 3.1 C4c hing s6 va tham s6 mang

Tén Gia tri
Chi sb diéu ché m; = 0.8
Hé s6 tai hop cuia bd tach song quang R =0.54A/W
Khu vuc may do A =1 cm?
Chiét suat thau kinh cta b tach song _
quang N=15
Nira cong suat ®,/, = 60°
Do loi cua bd loc quang T.(Y) =1
Chiéu rong ciia FOV Y. = 60°
S6 lugng cla cac bong dén trong mot
7 nygp = 60 X 60
mang
Dong nhiéu nén Iz = 5100 pA
Bing thong nhiéu B = 150 Mb/s
Béng thong quang B, = 1.28 THz
Nhiét do tuyét doi T, = 300K
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Do loi dién 4p vong hé Gy = 10pF/cm?
Hé s6 nhidu kénh bong ban dan hiéu tng N
truong -
Hé sb chit dan dién boéng ban dan hiéu
gn = 30 mS

ung truong

bién dung ¢ dinh cta bo tach song
Cpa = 112 pF/cm?

quang
Tich phan thanh phan tht hai [, =0.562
Tich phan thanh phan tht ba I = 0.0868
Hé sb khuyéch dai thu duoc G, =30dB
Hang s6 dién tich q=1.6x10"1°C
Hang s6 Boltzmann k =138 x 10723WHz 1K™ !

Daiu tién, ta danh gia tac dong cua MUI voi van dé gan xa dén hiéu ning cua
mang VLC dugc dé xuat sit dung OCDMA. Trong Hinh 3.4, khao sat BER cua lién
két két ndi hai nguoi dung (ngudi dung #c va nguoi dung #d) nam & cac goc cla
can phong (tirc 1a khoang cach lién két dai nhat). Ngoai ra, nhitng nguoi st dung
gay nhiéu nam gan diém trung tdm cua cin phong véi khoang cach dugc ky hiéu 1a
r. Tai hinh 3.4 cho thiy tac dong cia MUI nghiém trong hon khi nguoi dung giy
nhiéu & gan diém trung tim ctia cin phong, tic 1a khoang cach lién két ngan hon.
Do d6, can BER cao hon va c6ng suat phat Ion hon khi r giam. Vi du, véi K = 8
ngudi dung (2 ngudi dung mong mudn va 6 ngudi ding gay nhiéu), cong suat phat
yéu cau ting khoang 50 mW khi r giam tir 1,5 m xudng 0,5 m.

Ta ciing thay rang BER ting do MUI khi s6 lugng ngudi dung (K) tang tir 4
1én 6 va 8 nguoi dung nhu trong Hinh 3.5. Trong hinh nay, vi tri cia Nguoi dung #c

va Ngudi dung #d van & cac goc cta phong trong khi nhitng nguoi sir dung gy
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nhidu dugc dit cach tim diém cua phong 0,5 m. Co thé thiy ring cong suit phat
yéu cu ctia Nguoi dung #c va nguoi dung #d can phai ting 60 mW (tir 285 mW 1én
345 mW) khi sb nguoi dung ting tir 4 1én 8 ngudi dung dé giit BER 1a 1076, Béng
cach str dung co ché diéu khién cong suit, giup giit cho cong suit tir nhitng ngudi
ding mong mudn va nhitng ngudi dung can nhidu nhu nhau, tac dong ctia MUI
dugc giam thiéu. Do d6, cong suat phat yéu cau giam tir 345 mW xubng 273 mW

khi K = 8 nguoi sir dung.

10 v
—D—r=05m
——r=1.0m
——r=15m
107~ r=20m |
Ti 10
3
164
Bit
107~
10-5[ 1
107

100 150 , 200 250 300 350
Céng suit quang phit cia ngzudi ding #c,
Hinh 3.4 Ti 1¢ 15i bit (BER) theo cong suit quang phat ciia nguwoi ding ¢ véi K= 8
nguoi dung.

Véi gia dinh rang diéu khién cdng suit duoc sir dung, Hinh 3.6 thé hién BER
cuia mot lién két VLC két ndi hai ngudi ding véi cac gia tri khac nhau cua cong suat
quang nhan duogc, bao gdm 2,27 puW, 2,36 pWW va 2,45 ulW. R3 rang 1a BER giam
khi s6 luong nguoi dung hoat dong ting 1én. Diéu nay la do tac dong ciia MUI,
dugc diéu chinh boi K. Hinh nay ciing gitp xac dinh s6 lugng ngudi ding c6 thé hd
tro tuong ung véi mot gia tri cu thé caa BER. Vi duy, mang VLC duoc dé xuit co

thé hd trg khoang 4 ngudi dung voi BER 1a 1076 khi cong suat nhan dugc 1a 2,27
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uW. Khi cong sudt nhan dugc ting 1én 2,45 pW, sb ngudi dung dugce hd tro 1a 12

nguoi dung.
10"
—i— K = 4 usars
—&— K = & usars
1 —&— K = 8 users without power control
13'2 [ i —— K = B usars with power control 1
Tl | =3
1 2 |
16
Bit

1

100 150 _ 200 250 300 350
Céng suit quang phat cia nzwéi dimg 2c.d
Hinh 3.5 Ti 1¢ 15i bit (BER) theo cong suit quang phat ciia nguwoi ding ¢ véi r = 0.5 m.
M&i quan hé gitta thong lwong mang va sb luong nguoi ding (K) dugc thé
hién trong Hinh 3.7, trong d6 tong sd bit trén mdi gbi 1a 5000 bit. Khi sé lwong
nguoi ding it, tac dong cia MUI 1a khong dang ké. Do d6, khi K ting s& cai thién
thong luong mang. Tuy nhién, khi K qua 16n, MUI gay ra sy gia ting cia BER, dan
dén tang xac suat 16i goi va do d6 lam giam thong lwong mang. Ching ta thiy ro
trong hinh rang c6 mot gia tri tdi vu cua K, tai d6 thong lwong mang dat duoc gia tri
dinh. Thong lugng dinh phu thude vao cong suét quang nhan dugc. Cu thé hon, né

tang theo cong suat phét vi cong suat nhan 1én giap giam MUI.
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10
w0}
Ti
18
1ot
Bit
w0}
. P = 227 uw
‘ —_— Pf“ =235 uW
: = = PMazasuw
m" h .
[1] 5 10 15 20 25 30 35 40

S hwong ngwdi dimg, K (nzwdi ding)

Hinh 3.6 Ti 1¢ 15i bit theo s6 lwong ngwoi ding hoat dong véi diéu khién cong suit

3000

—o— PP 18w
—ae— PN 2 2,01 yW

—— p‘_“' =2.19 uyW
—— P‘_"' =245 pW

Thong

twong, ;o0 |
mang

0 5 10 15 20 25 30 35 40
So lwong nguwai dung, K (ngudi dung)

Hinh 3.7 Thong lwgng mang theo s6 hrgng nguoi ding hoat dgng véi N = 5000 bits
Pé xac dinh cac gia tri phu hop cho FOV (¥,), ta khao sat BER theo
Y. trong Hinh 3.8. Ta xét trudng hop xau nhat 13 hai nguoi dung duoc coi 1a nim &
cac goc cua phong. Ta nhan thiy ring, néu W. qua nho (nhé hon 59°), bo thu cia
diéu phdi khong thé nhan du coéng suit quang tir bd phat ctia nguoi ding va nguoc

lai dé tach tin hiéu. Do d6, BER cua lién két rat cao. Trong truong hop W, qué 16n,
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suy hao hinh hoc ciing tao ra BER cao. Can luu ¥ ring, suy hao hinh hoc 13 suy hao
xay ra do su phan ky ctia chum quang. Suy hao bang dién tich quang ctia may thu
voi1 dién tich chum sang & may thu. Céc gia tri cia W, phai dugc chon sao cho BER
cua lién két dudi ngudng. Vi P)= 290 mW, @, ,= 70° va BER =10, W, phai

nam trong khoang 58,5° va 64°.

10

LI e e

10 °F
Ti

16 107}
Bit

10 ¢

10 30 515 E:D E:E TJEI ?15 80
Chiéu réng FOV cho phép
Hinh 3.8 Ti I¢ 13i bit theo goc nhin v6i ¥, véi 1, = 70°, P") =290 mwW vaK =8
nguwoi dung

3.5 Két luan chwong

Chuong 3 da dua ra md hinh mang VLC trong nha dua trén céng nghé
CDMA. Phan tich va danh gia hiéu nang mang VLC trong nha dua trén cong nghé
CDMA. Tir d6 thuc hién danh gia kha ning ap dung giai phap CDMA vao hé thong
VLC thdng qua cac biéu thirc toan hoc cho BER va thong luong. Két qua sé cho
thiay BER thap va thong lugng mang cao c6 thé dat duoc trong mang mé hinh mang
dé xuat. Dya trén céc két qua, ta cd thé xac dinh xac dinh cong suat quang truyén
yéu cau, sé luong nguoi dung co thé hd trg va cac thong sé pha hop cua bo thu phat

VLC nhu ntra cdng sut ban goc va FOV.
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KET LUAN

Luan van da thyc hién nghién ciru tong quan vé cau triic mang truyén thong
anh sang nhin thiy va nhimg loi ich khi 4p dung coéng nghé CDMA vio mang
truyén thong anh sang nhin thiy. Dé tai tap trung nghién ciru vé kién trac cho mang
VLC trong nha c6 thé hd tro truyén hai chiéu cho nhiéu nguoi dung trong mot
phong.

Trong pham vi cta luan vin, ludn van tap trung trinh bay cac dic diém chinh

Sau:

e Noi dung luan vin cao hoc cung cip mot s kién thic co ban vé truyén
thong anh sang nhin thay ciing nhu nhiing k¥ thuat da truy nhap phan
chia theo md CDMA.

e Pua ra mo hinh mang VLC trong nha dya trén cong nghé CDMA dé tir
do6 phan tich va danh gia hiéu nang cua mang VLC.

Pong goép chinh cua luan vin 13 dwa ra mot kién trac méi cho mang VLC
trong nha c6 thé hd tro truyén hai chiéu cho nhiéu ngudi dung trong mét phong.
X4y dung biéu thirc toan hoc cho BER va thong lugng cia mang VLC dé xuat két
hop v6i md hinh kénh VLC trong nha, cac thong sd ciia bd thu phét, tic dong cia
tap &m va nhidu. Cac biéu thic toan hoc thu dugc c6 thé s& duge dung dé khao sat
hiéu sudt mang so véi tham sb 16p vat 1y khac nhau dé danh gia tinh kha thi cua

mang VLC dé xut.
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