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MO DPAU

VLC (visible light communication) 1a mét céng nghé truyén thong st dung céc
ngudn 4nh sang nhin thdy dé truyén thong dir liéu théng qua méi trudong khong khi.
VLC c6 nhiéu wu diém nhu bing thong 16n, toc dd cao, chi phi thap ciing nhu tinh
bao mét cao vi truyén thong bang song anh sang nhin thiy chi tap trung & mot khu
vuc nhét dinh, khong thé dam xuyén qua cac vat thé nén sé& rat kho dé thu nhdp hay
do tham céc tin hiéu thong tin. Tuy nhién, trong mét sb kich ban thyc t& nhu nha &
hodc mot tda nha van phong, mang VLC can duge thiét ké dé hd tro cho nhiéu nguoi
dung.

Mbt sd k¥ thuat da truy nhap da dugc xem xét cho cac mang VLC nhiéu nguoi
dung nhu k¥ thuat da truy nhap phan chia theo tan sé truc giao (OFDMA), k¥ thuat
da truy nhap phi truc giao (NOMA), ky thudt da truy nhap phan chia theo khong gian
(SDMA) va k¥ thuat da truy nhap phan chia theo ma (CDMA). So véi cac k¥ thuat da
truy nhap thong thudng khac, CDMA c6 nhiéu wu diém, bao gom dung lugng mang
linh hoat, quan 1y chat luong dich vu & 16p vt Iy va kha ning bao mat von co.

Xuat phat tir thyc té trén, em chon dé tai “Phdn tich va ddnh gid hiéu ning mang
VLC trong nha dwa trén cong nghé CDMA”.

B4 cuc cua luan vin gdm 3 chuong:

Chuong I: “Tong quan vé truyén thong anh sang nhin thay”.

Chuong II: “Ky thuat da truy nhap phan chia theo ma CDMA”.

Chuong III: “Phan tich va danh gid hiéu nang mang VLC dua trén ky thuit
CDMA”.

Do hiéu biét con han ché nén luan van chic chan khong tranh khoi nhiéu thiéu
sot. Em rat mong nhan dugc sy gdp ¥ cla cac thay co dé luan vin duoc hoan thién
hon.

Em xin chan thanh cam on céc thay co gido trong Khoa Pién t-Vién thong,
truong Hoc vién Cong nghé Buu chinh Vién thong di gitip d& em trong sudt qua trinh
hoc tap. Em xin cam on TS.Pham Thi Thily Hién di huéng din em trong qua trinh

thuc hién va hoan thanh luan van.
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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 Giéi thiéu vé cong nghé VLC

Truyén thong bang 4anh sang nhin thdy — VLC 14 cai tén duoc dua ra cho mot
hé thdng thong tin khong ddy mang thong tin bang cach diéu ché trong phd 4nh sang
nhin thay (400-700nm), dai pho duoc sir dung cho viéc chiéu sang. Cac tin hiéu
truyén thong tin dugc ma héa boi anh sang chiéu sang.

1.1.2 Lich sir phat trién cong nghé VLC

Nhiéu nim trude, chung ta thiy c6 nghién ctru vé VLC va ¥ tudng sir dung cac
LED cho ca viéc chiéu sang (illumination) va truyén tin (data communications)

Pong luc chinh cho céng nghé nay bao gém viéc chiéu sang bang chat ban dan
(solid-state lighting) ngay cang pho bién, tudi doi dai hon ciia LED c6 d6 sang cao so
v6i cac ngudn anh sang nhan tao khac nhu dén day toc, tbe do bang théng/dir lidu
cao, bao mat du liéu, an toan stc khoe, va tiét kiém nang lugng.

Khai niém VLC nhu 1a mot phuong thic truyén thong tin dugc ra doi tu nhiing
nam 1870 khi Alexander Granham Bell md ta thanh cong truyén dan ctia mot tin hiéu
am thanh sir dung mot guong duogc tao ra dé dao dong bdéi am thanh cua mdt nguo.
1.1.3 Pic diém cong nghé VLC
¢ Dung lugng
- Bang thong 16n: Pho tan cta séng anh sang nhin thay udc tinh 16n gap 10000 lan

s0 voi phd séng vo tuyén va hoan toan mién phi khi str dung.

- Mat do dir liéu: Cong nghé¢ VLC co thé dat duoc mat do dir lidu gép 1000 1an so
v6i WIFI boi 4nh sang nhin thdy khong xuyén qua vat can nén chi tap trung trong
mdt khong gian, trong khi song vo tuyén c6 xu hudng thoat ra ngoai va gy nhiéu.

- Tée do cao: cong nghé VLC co thé dat dugc tdc do cao nho vao nhiéu thép, bang

thong 16n va cuong do chi€u sang 16n ¢ dau ra.
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D& dang quén 1y: viéc quan 1y tré nén kha dé dang do khong gian chiéu sang gi6i
han, 13 4nh sang nhin thdy nén d& dang quan 1y hon so véi séng vo tuyén.
Hi¢u nang
Chi phi thip: Cong nghé VLC yéu cau it thanh phan hon so v&i cong nghé su
dung séng vo tuyén.
St dung dén LED dé chiéu sang c6 hiéu qua rat cao: tiéu thu ning luong thap,
hiéu qua chiéu sang, gia thanh twong ddi ré va do bén cao.
Truyén thong dudi nudc: Viée truyén thong tin dudi nudc d6i voi song vo tuyén 1a
rat kho khan, nhung di véi cong nghé VLC thi c6 thé thuc hién viéc 6 dé dang
hon.
An toan
An toan dbi véi st khoe con ngudi.
Viéc truyén dan bang séng anh sang khong gdy nhidu ddi véi may bay, khong gay
nhiéu v&i cac may moc sir dung trong bénh vién. Khong gay hai véi strc khoe con
nguoi
Bao mat
Vi truyén thong bang song anh sang chi tp trung & mot khu vuc nhét dinh, khong
thé dam xuyén qua cac vat thé nén s& rat kho dé thu thap hay do tham cac tin hiéu
thong tin.
Khéng can cac phuong phap bao mat phire tap, do 13 anh sang nhin thiy nén viéc
quan 1y truyén dan thong tin vo cling dé dang.
Cong nghé VLC rat phu hop cho cac tmg dung yéu cau duong xudng toc do cao,
trong khi chi can duong Ién voi tbc do thép nhu: download video, audio, duy¢t
Web... Qua do, ta c6 thé giai quyét duoc van dé qua tai trong mang truyén thong

tin khong day.

1.2 Cau triic hé thong VLC

1.2.1 M hinh hé théng
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Mot hé théng VLC bao gdm 3 thanh phan chinh: Hé thng phat, kénh truyén
va hé théng thu.
1.2.2 Phia phat

Cac thanh phan cta phia phat cuia VLC 1a thiét bi phat ban dan anh sang nhin
théiy, n6 c6 thé 1a LED hodc Laser ban dan, phu thudc vao ung dung, mach diéu
chinh d¢ sang (dimming control) va mach diéu khién LED (diéu ché).

Ca laser va LED déu c6 thé str dung cho truyén dir liéu, nhung khi thanh phan
phat ciia VLC phai hoat dong dong thoi nhu mdy phét dit liéu va nhu mot thiét bi
chiéu sang & cting mot thoi diém thi LED uu tién dugc sir dung. Trong cic phan sau,
LED duoc phan loai va chung ta s& thdy LED anh sang tring duoc str dung cho chiéu
sang va cho truyén dan dit liéu.

1.2.3 Kénh truyén

Trong thong tin lién lac, kénh truyén 1a két ndi gitra phia phat va phia thu, dugc
dic trung boi kha ning truyén tin hiéu song mang va bi anh hudng bai nhiéu yéu t6
nhu tap am, nhiu...Trong cong nghé VLC, kénh truyén 1a phan két ndi gitta dén
LED va Photodetector. C6 2 loai kénh chinh trong hé thong VLC la:

¢ VLC don kénh lién quan dén mot dén LED va mot Photodetector

% VLC da kénh trong d6 bo phat dugc lam tir dén LED nhiéu mau va bo thu
Photodetector dugc tao thanh tir nhiéu may do, moi may déu nhay cam véi1 mot
mau tur by phat

1.2.4 Phia thu

Thanh phan chinh trong phia thu ctua hé thong VLC 14 bd tach song quang

(Photodetector). Ngoai ra phia thu ctia hé théng con c6 thém céc thanh phan: Bo tap

trung quang (Concentrator), bd loc quang (Optical Filter), mach khuéch dai

(Amplifier) va bo giai diéu ché.

1.2.5 Cac phuong phap diéu ché sir dung trong VLC

% Phuong phap diéu ché khoa bat tait ON/OFF keying (OOK)
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Phuong phap diéu ché khoa bat tit OOK 1a mot phuong phap diéu ché rat phod
bién trong céc hé thong truyén dan khong diy st dung tia hong ngoai. Phuong phap
nay con duogc goi la ma hoa non-return-to-zero ON/OFF Keying (NRZ-OOK).

Piéu ché khoa bat tit NRZ-OOK 1a mot phuong phap diéu ché hai mirc, bao
gdm hai ky hiéu twong Gmg véi mirc céng suat 2p hoic 0.
% Phuong phéap diéu ché vi tri xung bién doi

Phuong phap diéu ché vi tri xung bién doi (Variable Pulse Position
Modulation- VPM) 1a phuong phap diéu ché méi hon, phuong phap ndy cung cip 3
chtic nang ciia VLC 1a: Khong gy nhap nhdy, c6 thé diéu chinh d6 sang va cung cap
mot do sang day du. VPM la su két hop cua hai phuong phap diéu ché 1a: Diéu ché vi
tri xung (2 Pulse Position Modulation- 2PPM) cung cdp chuc ning khong gdy nhap
nhay va diéu ché do rong xung (Pulse Width Modulation- PWM) ciing cap chirc ning
diéu khién do6 sang.
% Phuong phap diéu ché khoa dich mau (Color-Shift Keying)

Nhu ta d biét, anh sang tring phat ra tir dén LED duoc tao ra theo hai cach.
Céch thir nhét st dung LED don chip xanh pha Phosphor, tuy nhién 16p Phosphor
nay s& lam cham qua trinh dap tng cia dén LED. Phuong phap khiac phyc nhugc
diém nay 1a str dung LED RGB, d6i v&i loai LED nay, chiing ta s& dung phuong phap
diéu ché khoa dich mau Color-Shift Keying (CSK). Phuong phap diéu ché CSK c6
thé xem gan tuong doéng voi phuong phap diéu ché khoa dich tan (Frequency-Shift
Keying- FSK) & chd cac doan bit s& duoc diéu ché voi mau sic (budc song) phat ra.
1.3 Ung dung ciia VLC trong cudc sdng

VLC c6 nhiéu tmg dung trong cudc sdng nhu: truyén thong toc do cao va giai
tri trong nha théng minh, vin phong thong minh, giai tri trén xe hoi, truyén thong
phuong tién thong minh (vehicle to vehicle) truy nhap thong tin thanh phd thong
minh, mua sim tryc tuyén thong minh.
% Hang khong

Cac hanh khach khong duoc sir dung séng vo tuyén ¢ trong may bay. Cac anh

sang dua trén LED duoc st dung ¢ trong khoang ctia may bay va mdi anh sang nay
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c6 thé 1a may phét tiém niang ciia VLC dé cung cap ca viéc chiéu sang va cac dich vu
da phuong tién cho hanh khach. Thém vao do, n6 giam gia thanh va trong luong.
%+ Giao thdng thng minh

Trong hé théng giao théng thong minh, cong nghé VLC duoc dé xuat nhu 13
mot phuong tién cung cap viéc truyén tin giita cic phuong tién va thiét lap két ndi
giita cac phuong tién véi hé thong ha ting giao théng nhu 1a dén tin hiéu giao thong
va bang bao hiéu. Hé thong nay cung cip cac két nbi khong day ¢ khoang cach tir
ngin dén trung binh mot chiéu hay hai chiéu. Hé thong nay st dung dén pha va dén
sau cua cac 0 t6 nhu 1a may phat, va camera va b thu nhu 1a may thu. Cac den giao
thong 1a mot phan clia may phét ¢ trong pham vi nay.

% Truyén thong dudi nude

VLC c6 thé hd tro duong truyén tdc d6 dir lidu cao dudi nude, noi ma cac cong
nghé séng vo tuyén khong thé hoat dong. Do do, truyén thong giita cac tho ldn va cac
phuong tién 1a co thé
¢ Cac moi truong dac thu

O trong cac bénh vién, c6 nhiéu thiét bi c6 xu huéng giy can nhiéu véi cac
s6ng vo tuyén, vi vay sit dung VLC c6 nhiéu loi ich trong linh vyc nay.

Mat khac, cong nghé nay gitp cho cac bac si truy cép va cap nhap dir licu cua
bénh nhan sir dung cac may tinh bang ¢ bén canh bénh nhan thay vi sir dung van ban
gidy t& & bén canh bénh nhan hodc ¢ vian phong. Ung dung khac 1a mot thiét bi duoc
st dung dé theo dbi tinh trang ctiia bénh nhan va cac dir li¢u can thiét tir xa.

Hoic trong cac moi trudng 1am viée nhay cam véi song vo tuyén nhu hAm mo,
dau khi... viéc truyén thong tré nén kho khin, VLC c6 thé 1a mot cong nghé an toan
va cung cap chiéu sang va truyén thong & ciing mot thoi diém
% Dinh vi va dan dudng

Pinh vi va dan duong 1a bai toan phd bién trén cac tng dung cua 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 tiéu dung co thé dé dang két hop véi internet, hon thé nira

ho con ¢ thé dinh vi dé tim dugc nhiing mat hang nao minh dang can tim.
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< Ung dung trong nha xuong thong minh va IoT

VLC duoc tng dung dé xdy dung cac nha xuéng théng minh théng qua cac
viéc: két ndi cac thanh phﬁn thiét bi trong hé théng IoT, thuc thi truyén tin ménh 1énh
giita cac bo phan quan 1y v6i bo phan nhan luc san xuét trong xudng, thyc hién gidm
sat lao dong, chdm cong lao dong, giam sat quy trinh san xuét, gidm sat chat luong
san pham thong qua két ndi IoT va truyén thong téc do két ndi cao sir dung ha tang
ky thuat VLC.
1.4 Két luan chuwong

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

thong VLC va dua ra Iy do nghién ctru img dung ctia VLC trong truyén thong tin.
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CHUONG 2: MO HINH VA PAC TiNH HE THONG TRUYEN AM
THANH UNG DUNG CONG NGHE VLC

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

Trong hé théng CDMA, mdi ngudi dung dugce gan cho mot chudi mé xac dinh,
va tat ca cic ngudi dung co thé st dung chung khoang bing tin trong cung mot
khoang thoi gian. Do CDMA dua trén nguyén 1y trai phd, do d6 ¢ mdi tram phat s&
str dung mot chudi trai phd gia ngiu nhién tac dong vao tin hiéu tin trc. Khi may thu
nhan duoc tin hiéu tir nhiéu tram phat khac nhau, n6 s& 1ay tin hiéu mong muén bang
cach giai ma tin hiéu bang chudi ma riéng cta chinh tin hiéu d6. Phia bén may thu
can nhan tin hiéu tr phia nguoi ding A, do d6 da tién hanh chudi ma riéng cho A dé
giai ma. Khi do, tin hiéu tir nhig ngudi dung khong mong mudn (B,C) tro thanh céac
tin hiéu gay ra nhiéu véi tin hiéu A. Khi d6, tin hiéu A duoc thu mot cach dé dang.
2.2 K§ thuat trii pho
Mot hé thong thong tin dwoe xem 12 trai pho khi théa 2 diéu kién

+ Bang thong tin hiéu di trai phd 16n hon rat nhiéu so véi bang thong tin hiéu
thong tin.

+ M3 dung dé trai ph6 doc 1ap voi tin hiéu thong tin.
Uu diém ciia ky thuat thong tin trai pho

+ Kha nang da truy cap

DPdng ¥ cho ngudi dung hoat dong trén ciing mot dai tan, mot giai thoi gian tuy
nhién may thu van tach dugc tin hiéu dé thu vé. Boi vi khi d6 mdi nguoi da duogc cap
mot ma trai pho riéng biét. May thu nhan duoc tin hiéu tir nguoi dung sé giai ma va
tach ra tin hiéu mong mudn.

+ Tinh bdo mdt thong tin cao

Dbi voi muc nhidu nén, mat do phd cong suit rat thip. Bai vay cac may thu
khong trong hé thong rat khé phat hién duoc tin hiéu khi dang truyén ¢ méi truong
nhiéu. Chi khi st dung may thu phu hop véi quy luat ctia chudi gia ngau nhién méi
c6 thé thu duoc tin tirc dua ra.

+ Bdo vé chong nhiéu da dwong
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Nhiéu da duong duge sinh ra do sy phan xa, tan xa, nhiéu xa cua tin hiéu.Tin
hiéu tir tit ca moi dudng truyén chinh 1a cac tin hiéu cta ban sao phat di nhung da bi
giam di vé bién do, bi tré voi tin hiu truyén théng. Do d6, cac tin hiéu thu duoc da
sai léch, khong giéng nhu tin hi¢u tir phia phat. Chinh vi vay k¥ thuat trai pho su
dung dé tranh nhiéu da duong dé thu duoc tin hiéu tt nhat.

2.2.1 Trai pho chudi truec tiép

Tin hiéu truyén di duoc biéu dién dudi dang ludng cuc, sau d6 nhan truc tiép
v6i chudi gia ngdu nhién. O may thu, tin hiéu thu duoc nhan véi chudi trai phd lan
nita dé tao lai tin hiéu tin térc.

Tin hiéu can truyén di 1 d(t), c6 dang NRZ véi d(t) = +1, téc do bit f,. Thuc
hién nhan d(t) v6i chudi gia ngiu nhién c(t) co toc do bit f, vdi fe >> fo,. Nhu vay:

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

Vi tde do bit f. cua chudi gia ngau nhién 16n hon nhiéu so véi toc do bit f, ciia
chudi tin hiéu truyén di, nén tin hiéu d(t) s& bi chia nho véi tan sb rat cao. Tan sd nay
duoc goi 1a toc do chip. Sau d6, chudi tich sé d(t).c(t) duoc diéu ché BPSK hoic
QPSK. Gia sir ta dung diéu ché BPSK, tin hiéu sau diéu ché c6 biéu thic:

Ve s (1) = 42P, d ().c(t).cosw ,t 2.2)
Trong d6:  Ps 13 cong suét phat [W]
W, 13 tan s6 song mang [rad/s]
2.2.2 Trai pho nhay tan s6

K§ thuat FH — SS phat trién dua trén diéu ché BFSK. Trong d6, tan s6 song
mang dugc thay d6i lién tuc theo mot quy ludt gia ngdu nhién (dua trén chudi ma
ngﬁu nhién str dung), nho vay ma phé cua tin hiéu FH — SS duogc trai rng trén truc
tan sd. That vay, ung voi mot tan sb song mang, dai tan sd cua tin hiéu BFSK 1a B,
vy v6i tin hiéu FH — SS dung L (L = 2N-1, véi N 1a chiéu dai chudi mi) trang thai

nhay tﬁn, phé tan cua tin hiéu FH — SS s€ trai rong dén By =BxL
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2.2.3 Trai pho nhay 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, tiy theo ma cua tirng user ma no sé st
dung mot trong k khe thoi gian ctia khung. Tin hiéu duoc truyén trong mdi khe c6 toc
d6 gap k 1an so véi tin hiéu truyén trong toan bo khung nhung tan s can thiét dé
truyén ting gap k lan.
2.3 Ky thuat da truy nhap phén chia theo ma quang

OCDMA la ki thuat da truy nhdp phan chia theo ma quang, tr d6 cac ma quang sé
dugc cung cip dé nguoi dung truy nhdp vao mang nhung khong thay vao khe thoi
gian.OCDMA khién d¢ truyén din nang cao, tinh linh hoat dé giup ngudi st dung ciing nhu
tinh bao mat tré nén hoan thién hon. OCDMA 14 cong nghé tiém ning cho phép thay thé cac
cong nghé hién tai trong mang truy nhap quang.

2.3.1 Ky thuat da truy nhap phan chia theo ma quang
Dbi v6i cong nghé OCDMA, ngudi dung duoc sir dung tai nguyén mang theo hinh
thirc gan moi ngudi mot ma thay vi str dung khe thoi gian TDMA hoic WDMA. Chinh vi
vay, cac tai nguyén cung budc song, xay ra cung mot luc s& duoc tiép can boi ngudi dung.
OCDMA thyc hién ghép kénh chuyén mach va xen/ré cac tin hiéu da kénh qua mang dudng
truc va mang d6 thi (MAN), hoidc két hop cia TDM va WDM thong qua ma hoa va giai ma
tin hiéu quang truc tiép.
2.3.2 Cac hé thong CDMA quang
Néu ching ta phan loai dua vao su khac biét ciia cac phuong phap ma héa tin hiéu
quang, ta co thé chia thanh ba loai hé théng OCDMA.
- Hé théng OCDMA mé hoéa trong mién thoi gian, trong d6 bao gdm hé thdng trai phd
truyén thong va hé théng ma hoa pha theo thoi gian.
- Hé thbng OCDMA mi héa trong mién tan s6, bao gom budc ma héa pha pho (SPE)
va hé théng ma hoa bién do phod (SEA).
- Hé thong OCDMA ma hoéa lai ghép str dung két hop cac phuong thirc mé hda néu
trén. Vi du ching ta c6 thé c6 duoc ma hoa 2-D bang cach két hop ma hoa trong mién

thoi gian va mién budc soéng, hé thong OCDMA trai thoi gian/nhay budc song
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(WH/TS). Néu mi hoa theo khong gian dugc két hop véi thoi gian va budc song ta s

c6 dugc ma hoa khong gian/ thoi gian/bude song.

Néu chiing ta sap xép ching theo sd luong tai nguyén (thoigian, khong gian, budc
s6ng) duoc sir dung, ta ¢4 thé dugc chia thanh céc hé thbng OCDMA mot chiéu (1D
OCDMA), cac hé thdng OCDMA hai chiéu (2D OCDMA) va hé théng OCDMA ba chiéu
(3D OCDMA). Néu su phan cuc nay ciing dwa vao ma hoa, ta c6 thé dat duoc cac hé thong
bdn chiéu (4D OCDMA).

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

2.3.3 Mi sir dung trong hé thong CDMA quang
M& OCDMA phai tuan theo nhiing nguyén tic, d6 1a:

- Dé khoi tao ma can c¢6 mot bd tham sd dau vao, dau ra cua qué trinh tao ma la
mot tap cac tir ma d6i mdt khac nhau.

- Mot tir ma c6 thé chuyén d6i sang tir ma khac bang phép dich.

- Céc tir ma trong bd ma dé dang phan biét dugc v6i nhau.

Néu xét theo 1y thuyét ma hoa thi cc loai ma can c6 nhirng tinh chét sau:

- Tat ca cac mi trong bd ma phai c6 gia tri ty twong quan dat dinh va cac gia tri
twong quan cua tir ma d6 véi phién ban dich cua chinh né giam theo dd dich cua
tor ma.

- Ham tuong quan chéo giita mot tir ma bat ki va tat ca nhiing tir ma khac trong b
ma thip hon nhiéu so véi gia tri tu twong quan.

2.3.3.1 M nguyén to 1D

Qua trinh tao ma nguyén t6 1D dua trén mot phép todn co ban cua toan hoc dai $6:
phép tinh dong du. Vi vdy ma nguyén t6 1D duoc coi 1a ma thudc vé 16p ma tuyén tinh dong
du. Y tudng co ban dé tao nén ma dong du nhu sau. Dau tién, chon ldy mot s6 nguyén té p ,
tir p ta sé tao ra mot nhom cac chudi tir ma y,i(j) |0 <i,j <p—1 , bang cach sir dung
toan tir ddng du trén trudng toan hoc Ga-loa co sd p GF(p ). Sau d6, dwa theo cac thuat toan

cu thé ma anh xa cac chuoi ma nay thanh nhirng chuéi ma nhi phan va gia tri y;(j) s€ coy
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nghia 13: cac chip ‘1’ & vi tri thtt j ctia tir md tha i. Phép toan ldy ddng du thudng dugc st

dung cé thé dugc dinh nghia nhu sau:
yi(;a,b) ={i(aj + b)} mod, (2.4)

v6i a va b 13 nhitng hing s6. Khi a=1 va b=0 thi trong tng véi d6 1a chudi ma nguyén t6
duoc tao ra.
2.3.3.2 Mé nguyén té 2D WH/TS

M3 nguyén t6 hai chiéu trai thoi gian/nhay budc song - 2D WH/TS ra doi nham giai
quyét van dé vé han ché s6 lwong ma ma ma nguyén t6 1D dé lai. S6 luong ma nguyén td
1D bang chinh sé nguyén té p khdi tao vi vay khi sé luong ngudi dung ting thi déng nghia
v6i viée chudi trai pho phai dai, tir 46 dan dén hiéu qua truyén dan giam xudng dang ké, lam
tram trong thém MALI. Viéc sit dung ma 2D WH/TS di duoc kiém chtng rang n6 khong chi
hd tro nhiéu nguoi dung hon ma 1D ma con cai thién hiéu nang cia hé théng, don gian hoa
viéc diéu khién va quan 1y, rat ngan qua trinh xur 1y va gia thanh phan ciing khi trién khai.

Ta goi s6 nguyén to sinh chudi trai thoi gian 1a ps va sé nguyén t6 sinh chudi nhay
budc séng 1 pn. D& minh hoa don gian qua trinh, gia str sb nguyén t6 ps = pn = p duoc sir
dung chung cho c4 hai qua trinh sinh ma. Tu s6 nguyeén tb nay, mot bd chudi mi duoc tao
ra, nguyén tic tao giéng nhu trong phan Error! Reference source not found.. Véi p = 5,
chudi nguyén t6 Si tao ra la: Sy=(00000), S;=(01234), S,=(02413) , S3=
(03412) va S, =(04321). Tiép dén dit cac chudi ma H, |i = 1,2,3,4 nhu sau: H; =
(01234) , H,=(02413), H;=(03412) vd H, =(04321). Chudi ma Si chinh Ia
chudi ma trai thoi gian va chudi ma Hi 1a chudi ma trai bude song. O day can chi ¥ rang
trong cac chudi ma Hi thi vi tri bit ‘1’ chinh 1a chi s6 ctia budc song trong chudi nhay budc
song, vi vay ma chudi mi Ho chita toan ‘0’ khong duoc sir dung do n6 khong c6 nghia khi
két hop vai cac chudi ma trai thoi gian.
2.3.4 Nhiéu trong h¢ thong CDMA quang
2.3.4.1 Nhiéu bé thu

Trong bo thu c6 hai loai nhiéu chinh d6 1 nhiéu lugng tir va nhiéu nhiét. Nguyén
nhan chinh giy ra sy thing giang dong tach quang tai bo thu chinh 1 hai loai nhiéu nay

trong khi cong suat tin hiéu thu (Pin) khong doi.
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Ban chit cua nhidu luong tir 1a do dong dién tach quang duoc tao ra tir dong chuyén dong
clia cac dién tr ma cac dién tir nay lai dugc tao ra mot cach ngau nhién theo thoi gian. Vé
mat toan hoc, sy thing giang cua dong dién do nhiéu luong tr gdy ra 1a mot tién tronh
Poison dirng, va c6 thé x4p xi bai thong ké Gauss.
2.3.4.2 Nhiéu da truy nhap

Nhiéu da truy nhap (MAI) 12 mét trong nhitng ngudn nhiéu chinh trong cic hé théng
OCDMA, 1a nguyén nhén chinh gy suy giam chat luong cua hé thong. MAI gay ra bdi cac
ngudi st dung hoat dong dong thoi trong mang, cac xung MAI 13 cac xung quang xuét hién
dong thoi va co cung budce song véi xung mong mudn. Mirc d6 anh hudng ciia MAI duge
quyét dinh boi hai tham s chinh: (1) sb lugng nguoi ding cung hoat dong trén mang va (2)
gia tri tuong quan chéo giit cic chudi ma phan bo cho cac ngudi ding trén mang.

Pé giam b6t anh huong cua MAL céc loai ma cé gia tri twong quan chéo nho thudng
dugc str dung. Diéu nay dff)ng nghia véi viée can cac chudi ma c6 do dai 16n, vi du ma
nguyén t6. Giai phap thi hai 1a sir dung phuong thire diéu ché vi tri xung PPM . Tuy nhién,
ca hai giai phap néu trén déu dan téi 1am hep d6 rong xung quang va hé thong s& bi anh
huéng manh hon boi tan sic.

2.3.5 Két luin chwong

Chuong 2 da tim hiéu nguyén ly CDMA, ba k§ thuét trai ph6 do6 1a: trai phd chudi truc
tiép, trai phd nhay tan s, trai phd nhay thoi gian, tim hiéu vé ki thuat da truy nhap phan
chia theo ma (OCDMA), cach phan loai hé thong OCDMA ciing nhu cic loai ma 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 thi¢u chung

Céc nghién ctru trén chii yéu tap trung vao phén tich hiéu ning cta hé thong VLC dua

trén OCDMA st dung céac loai ma quang khac nhau. Theo d6, phan tich hiéu nang chi tinh

dén tdc dong cua su can thi€p cuia nhiéu nguoi dung va dugc diéu chinh bdi cac thude tinh

cia mi. Tuy nhién, dé danh gia duoc tinh kha thi ciia mang VLC da nguoi dung s dung

OCDMA thi chiing ta can phai khao sat mot kich ban thuc té hon. Trong d6 mo hinh kénh

VLC, cé4c tham s cua b thu phat VLC va giao thirc truyén hai chiéu s& dugc xem xét cu

thé. Dua trén sy thiéu sot ton dong cia nhitng nghién ctru ndy, muc ti€u chinh cua chuong 3

1a dé xuat mot kién trac méi cho mang VLC trong nha cé thé hd tro truyén hai chiéu cho

nhiéu nguoi dung trong mot phong. Cu thé hon, ¢ thé tom tat nhitng dong gép nhu sau:

\/
0‘0

L)

Pé xuit mot kién trac mang VLC hd tro viéc trao d6i dit liéu gifra nhirng nguoi
dung trong mot cin phong nhu thé hién trong Hinh 3.1. Trong trudng hop nay
s& c6 thém truong hop khong co két ndi tim nhin (LOS) giita nhiing ngudi
dung do dén cac vat can. Dé giai quyét truong hop nay, dé xuét str dung mot bo
phdi hop gan trén tran nha, dong vai tro nhu nat chuyén tiép nhan tin hiéu tir
mot ngudi dung va sau d6 chuyén tiép né dén nhitng nguoi ding khac. Dé két
nbi mang nay véi Internet, mot nut cong duge két ndi véi bo phdi hop dé giai
ma tin hiéu tir nhidu nguoi dung va sau d6 chuyén tiép chung dén Internet va
nguoc lai.

Thuyc hién thiét ké mot giao thirc cung cép truyén din ban song cong hai chiéu
dira trén ma hoa mang tuong ty (ANC) va hd trg nhiéu ngudi dung véi sy tro
gitip cia OCDMA. So d6 truyén thong song cong hai chiéu thong thuong can
bdn khe thoi gian dé trao d6i goi giira 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 co thé dat duoc thong luong 16n hon.

Xay dung biéu thtrc toan hoc cho BER va thong luong cua mang VLC dugc dé
xuét két hop v6i md hinh kénh VLC trong nha, cac thong sb ciia bo thu phat

VLC, tac dong cia tap am va nhiu. Cac biéu thirc toan hoc thu duoc co thé s&
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dugc su dung dé khao sat hiéu suit mang so véi tham ) 16p vat Iy khac nhau
dé danh gia tinh kha thi cia mang VLC
3.2 Mang va mo hinh kénh
3.2.1 Ma héa mang twong tu
Ma hoa mang tuong tu la ma hdéa mang cua céc tin hiu vat ly mang thong tin tu
nhiéu ngudn. V& mit 1y thuyét, ANC di dugc chtirng minh ring ANC s& gap doi dung luong
clia mang chuyén tiép hai chiéu chinh tic [15]. Trong chuyén tiép hai chiéu thong thuong
dugc trinh bay trong Hinh 3.2 (a), cAn bon khe thoi gian dé chuyén hai géi tin bas Va bsa
gilta nat A va nut B qua nat chuyén tiép R. Trong Hinh 3.2 (b), mi héa mang k¥ thuat sd
(DNC) yéu cau ba khe thoi gian dé chuyén bag va bga. DNC duya trén chuyén tiép gii ma va
chuyén tiép, trong d6 nut chuyén tiép phat br = bag @ bea dén nut A va niit B. Vi ma héa
mang tuong tu dugc 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
nut B déu truyén tin hiéu ctia ching, sag Vva Sga, t&i nit chuyén tiép. Tin hiéu nhan duoc tai
nat chuyén tiép, tirc 13, Yr = Sas + Sea, duogc khuéch dai va phat téi ntt A va nat B trong khe
thoi gian thr hai. Nat A trich xut Sea = Yr — Sas (twong tu cho B).
3.2.2 M6 hinh kénh VLC
Kénh 4nh sang nhin thiy c6 thé duoc moé hinh héa nhu mot kénh nhiéu Gaussian

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

y() = x(t) @ h(t) +n(t) (3.5)

Trong d6 x(t), y(t), ® va h(t) twong ung dai dién cho tin higu truyén tuc thoi, tin
hiéu nhan tac thoi, tich chap va dap ang xung kénh. n(t) la nhiéu Gaussian va ky hiéu &
biéu thi toan tir tich chap. Do loi kénh dc 13 phép bién d6i Fourier cua h(t) va co thé dugc
xac dinh theo [16 ]:

b {(’;‘;;2’* cos™ (BT, () g(W)cos(),0 < < W,
0,1 > W, ’ (3.6)
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Trong do A,d,¢ vay twong tng la dién tich vat ly cua bd tach song trong
photodiode, khoang cach giita may phat va bé mit may thu, goc chiéu xa hop véi truc phap
tuyén ctia bé mat may phat va goc t6i ddi véi truc phap tuyén cta bé mit may thu. Ty(y)Ia
do loi cua bo loc quang va P, 1a do rong cua truong nhin (FOV) tai may thu. Do loi cua bd
tap trung quang tai mdy thu, g,,, va bac cua phit xa Lambertian, m, dugc xac dinh bai [16]

n2

_ )= 0=y <y
W) = 2P, '
gtw “”%¢>¢O (3.7)
_ In(2)
ln(cos(dbl/z))’ (3.8)

Trong d6 nva &, /Zlﬁn luot 14 chiét suat va ban goc nira cong suat. Trong phén tich, hé
s6 kénh cta duong lén H” va duong xudng (H™) duoc tinh bing cach sir dung cong thirc
(3.6), trong d6 d, ¢ va Y dugc xac dinh dua trén toa do cua nguoi dung thir k va ngudi diéu
phdi.

3.3 Phan tich hiéu nang
3.3.1 Ti 1¢ 16i bit

Trong phan tich nay, ta gia dinh rang tit ca ngudi ding déu ¢ cung xac suat phat bit
“1” va bit “0”, bang 1/2. V& thudc tinh ctia bo mé, ta ky hiéu L, w va y tuong tng 1a do dai
mi, trong s6 ma va gia tri twong quan chéo. Ldi bit dugc tinh toan dya trén tin hiéu nhan
dugc trong thoi lwong mot bit. Khi nguoi ding mong mudn giri bit “17, s& ¢ w chip quang
tir nguoi ding mong mudn va A chip quang tir mdi ngudi dung khong mong mudn xuit hién
& dau ra cua bo giai ma OCDMA cua may thu. Khi nguoi ding mong mudn guri bit “0”, chi
A chip quang tir ngudi dung khéng mong mudn xuit hién & dau ra ctia bo giai ma. Khi ngudi
dung #c tach tin hiéu do nguoi dung #d gui, dong dién cho cac truong hop cua bit “1” va bit

“0” ¢6 thé duoc biéu dién nhu sau:

] = SR(de(R) + PMUI)' (3.9)
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I(O) = SRPMUI’ (3 10)

trong d6 R 1a dap tng cua PD. Py, 12 ¢ng suat nhiéu da ngudi ding , duoc diéu chinh boi
gid tri twong quan chéo (A) va sb luong ngudi dung dang hoat dong (I) nhu Py =
Yt _i AP,. Trong truong hop cong sudt quang tir mdi ngudi ding duoc diéu khién dya trén
vi tri ctia né dé cong suat nhan dugc tai nguoi ding #c, tir tat ca nguoi ding déu gidng nhau
va duoc ky hiéu 1a P® . Tong cong suat MUI dugc viét 12 Py, = lAPk(R)
3.3.2 Thong lwgng mang
Thong lugng mang dé cap dén toc do dir liéu trung binh caa viéc phan phéi goi dix

licu thanh céng qua mang va dugc do bang bit trén gidy (b/s). Dé tinh toan thong luong
mang, ta Ky hiéu N 1a s bit ciia mot goi dit lidu va T, 13 thoi luong ciia khe, noi mot goi
dugc chira. Theo d6, toc do dir liéu danh nghia c¢6 thé duoc biéu thi bang R, = N /T, (b/s).
Vi bo phdi hop dua trén ANC véi chuyén tiép khuéch dai va chuyén tiép, cac 16i goi &
nguoi dung #c phu thudce vao goi 15i tai ngudi dung #d va nguge lai. Do d6, dinh nghia
Q.va Qg lan luot 1a cac su kién ma mot goi tin duoc nhan mot cach chinh xac tai nguoi
ding #c va nguoi dung #d. Ngoai ra, Q. va Q, dugc biéu thi 1a cac sy kién bo sung. Do
d6, chiing ta c6 P(Q,) P(Q,) la xac suit cua cac bién cb Q, va Q, trong d6 x € {c,d}. Trao
d6i goi gitra nguoi dung #c va ngudi ding #d xay ra trong hai khe thoi gian, tac 13 27T;.
3.4 Céac két qua so liéu

Xét mot mang VLC bén trong mot can phong c6 kich thude dién hinh 1A W = 5 m,
D = 5mvaH = 3 m. Nam chinh giita trin nha 13 bd phdi hop hudng xudng dat, con nim
trén mat phéng c6 do cao H,= 0,75 m so vGi mat dat 1a cac thiét bi hudng vé b phéi hop.
Mang VLC dugc xem xét dua trén ma truc giao quang (OOC) (43, 7, 1) voi do daima la L
= 43, trong s6 ma 1a w = 7, va gia tri twong quan chéo 1a A = 1. C4c hang s6 va tham s6
mang khac duoc thé hién trong Bang 3.1.

Bang 3.1 CAc hing s6 va tham s6 mang

Tén Gia tr1

Chi s6 diéu ché m; = 0.8

Hé s6 tai hop cua bo tach song quang R =0.54 A/W
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Khu viyc may do A =1 cm?
Chiét suat thau kinh cta bd tach song No15
quang
Nira cong suat ®,/, = 60°
Do loi cua bd loc quang T.(p) =1
Chiéu rong ciia FOV Y. = 60°
S6 lugng clia cac bong dén trong mot
) n gp = 60 X 60
mang
Dong nhiéu nén [g = 5100 pA
Bing thong nhiéu B =150 Mb/s
Béng thong quang B, = 1.28 THz
Nhiét d6 tuyét doi Ty = 300K

Do lgi dién ap vong hé

Gy = 10pF/cm?

H¢ s6 nhiéu kénh bong ban dan hiéu ung

truong

=15

H¢ s6 chat dan dién bong ban dan hiéu

ung truong

gm = 30 mS

bién dung ¢ dinh cua bo tach song

Cpa = 112 pF/cm?®

quang

Tich phan thanh phan thi hai I, = 0.562
Tich phan thanh phan thi ba I; = 0.0868
Hé s6 khuyéch dai thu dugc G, = 30dB

Hang so6 dién tich

q=1.6x1071°C

Hang s6 Boltzmann

k =138 x 10723WHz K1
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Dau tién, ta danh gia tac dong cia MUI v6i vAn dé gin xa dén hiéu ning ctia mang
VLC dugc dé xuit sir dung OCDMA. Trong Hinh 3.4, khao sat BER cua lién két két n6i hai
nguoi dung (ngudi dung #c va nguoi dung #d) ndm ¢ cac goc cta cin phong (tirc 1a khoang
cach lién két dai nhat). Ngoai ra, nhirg nguoi sit dung gay nhiu nim gan diém trung tam
cta cin phong voi khoang cach dugc Ky hiéu I r. Tai hinh 3.4 cho thiy tic dong cia MUI
nghiém trong hon khi nguoi dung gy nhidu & gan diém trung tdm cta cin phong, tic 12
khoang céch lién két ngan hon. Do d6, can BER cao hon va cong suit phat 16n hon khi r
giam. Vi duy, v6i K = 8 nguoi dung (2 ngudi diing mong muén va 6 ngudi ding gay nhiéu),
cong suat phat yéu cau tang 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 nguoi dung (K) ting tir 4 1én 6 va 8 nguoi dung nhu
trong Hinh 3.5. Trong hinh nay, vi tri ciia Ngudi dung #c va Nguoi dung #d van & cac goc
ctia phong trong khi nhitng nguoi str dung gy nhidu dugc dit cach tim diém cia phong 0,5
m. C6 thé thiy ring cong suit phat yéu cau cua Ngudi ding #c va ngudi dung #d can phai
tang 60 mW (tir 285 mW 1én 345 mW) khi s6 ngudi ding tang tir 4 1én 8 nguoi dung dé giir
BER 14 107. Bang cach st dung co ché diéu khién cong suit, gitip gitt cho cong sudt tir
nhitng nguoi ding mong mudn va nhitng nguoi dung can nhiéu nhu nhau, tic dong cia
MUI duoc giam thiéu. Do d6, cong suat phat yéu cau giam tir 345 mW xubng 273 mW khi

K = 8 nguoi st dung.

—8—r=05m
—8—r=1.0m
—%—r=15m

r=2.0m |

| User #c

BER

Interfering users

100 150 200 250 - 300 350
Transmitted optical power of User #c.d, Ff:Ti (mW)

Hinh 3.4 Ti 1¢ 15i bit (BER) theo cong suit quang phéat ciia nguwoi ding ¢ véi K= 8 nguoi dung.
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Véi gia dinh rang diéu khién cong suat duoc st dung, Hinh 3.6 thé hién BER cua
mét lién két VLC két ndi hai nguoi dung vai céc gia tri khac nhau caa cdng suit quang nhan
duoc, bao gém 2,27 uW, 2,36 uW va 2,45 ulW. Ro rang 1a BER giam khi sb lrong nguoi
dung hoat dong ting 1én. Diéu nay 1a do tic dong cua MUL duoc diéu chinh boi K. Hinh
nay ciing gitp xac dinh sé lugng nguoi ding c6 thé hd trg twong tng véi mot gia tri cy thé
ciia BER. Vi du, mang VLC duogc dé xuét co thé hd trg khoang 4 nguoi dung v6i BER 1a
107° khi cong sudt nhan dugc 1a 2,27 pW. Khi coéng suit nhin duoc ting 1én 2,45 uW, sb

nguoi dung duoc hd tro 1a 12 nguoi ding.

—#%— K =4 users
—B— K =6 users

g —&— K =8 users without power conirol
1072 s —— K = 8 users with power control

BER

100 150 200 250 300 350
Transmitted opfical power of User #c.d, F‘GT; (mW)

Hinh 3.5 Ti 1¢ 15i bit (BER) theo cong suit quang phat ciia nguwoi ding ¢ véir=0.5 m.
M&4i quan hé gitra thong luong mang va s6 lugng nguoi ding (K) duoc thé hién trong
Hinh 3.7, trong d6 tong sb bit trén mdi goi 1a 5000 bit. Khi sb luong nguoi dung it, tac dong
ctia MUI 14 khong dang ké. Do d6, khi K tang sé& cai thién thong lwong mang. Tuy nhién,
khi K qua 16n, MUI géy ra sy gia ting cua BER, din dén ting xac suat 16i goi va do do6 lam
giam thong lugng mang. Chiing ta thay r6 trong hinh rang c6 mot gia tri toi wu cia K, tai d6
thong luong mang dat duoc gia tri dinh. Thong lwong dinh phu thudc vio cong suit quang

nhan duoc. Cu thé hon, né ting theo cong suat phat vi cong suat nhan 16n giup giam MUI.
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Hinh 3.6 Ti 1¢ 15i bit theo s6 lwong ngwoi ding hoat dong véi diéu khién cong suit
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Hinh 3.7 Thong lwgng mang theo s6 hrgng nguoi ding hoat dgng véi N = 5000 bits

Pé xac dinh cac gia tri pht hop cho FOV (¥,), ta khao sat BER theo W. trong Hinh
3.8. Ta xét truong hop xau nhat 1a hai ngudi dung duoc coi 1a nam & cac goc ciia phong. Ta
nhan thiy ring, néu W, qua nhoé (nho hon 59¢), bo thu cua diéu phéi khong thé nhan du cong
sudt quang tir bo phat cia ngudi dung va nguoc lai dé tach tin hiéu. Do d6, BER cua lién két
rat cao. Trong truong hop W, qua 16n, suy hao hinh hoc ciing tao ra BER cao. Can luu y
rang, suy hao hinh hoc 13 suy hao xay ra do sy phan ky ctia chum quang. Suy hao bang dién
tich quang ctia may thu voi dién tich chum sang & may thu. Cac gia tri cia ¥, phai duoc
chon sao cho BER cua lién két dudi ngudng. Véi Pc(‘?: 290 mW, @, ,,= 70> va BER
=107°, W, phai nam trong khoang 58,5° va 64°.



22

QI
&
{
&
LR
q
&
£

BER
=]

50 515 B:D E;E ]':U ]':5 80
Field of view, FOV (degree)
Hinh 3.8 Ti 1¢ 13i bit theo goc nhin v6i ¥, véi dp1, = 70°, P{") = 290 mW va K = 8 ngudi
dung

3.5 Két luan chwong

Chuong 3 da dua ra mo6 hinh mang VLC trong nha dya trén cong ngh¢ CDMA. Phén
tich va danh gia hiéu nang mang VLC trong nha dya trén cong nghé¢ CDMA. Tu do thyc
hién danh gia kha niang ap dung giai phap CDMA vao hé thong VLC théng qua céc biéu
thirc toan hoc cho BER va thong lugng. Két qua s6 cho thiy BER thap va thong luong mang
cao c6 thé dat dugc trong mang mo hinh mang dé xuat. Dua trén cac két qua, ta cd thé xéac
dinh x4c dinh cong suat quang truyén yéu cau, so lwong nguoi ding cd thé hd trg va céc

thong sb phi hop cta bo thu phat VLC nhu nira cdng suat ban géc va FOV.
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KET LUAN

Lu4n vin di thuc hién nghién ciru tong quan vé cdu tric mang truyén théng anh
sang nhin thdy va nhitng loi ich khi 4p dung cong nghé CDMA vao mang truyén thong anh
sang nhin thay. Dé tai tap trung nghién ctru vé kién trac cho mang VLC trong nha c6 thé hd
trg truyén hai chiéu cho nhiéu ngudi ding trong mot phong.

Trong pham vi cda luan van, luan van tap trung trinh bay cac dac diém chinh sau:

e NoOi dung luan van cao hoc cung cép mét sd kién thirc co ban vé truyén thong
anh sang nhin thdy ciing nhu nhimng k¥ thuat da truy nhap phan chia theo ma
CDMA.

e Pua ra mo6 hinh mang VLC trong nha dya trén cong nghé CDMA dé tir d6 phan
tich va danh gi4 hiéu nang ctia mang VLC.

Poéng gop chinh cua luan van 13 dwa ra mot kién tric méi cho mang VLC trong nha
c6 thé hd tro truyén hai chidu cho nhiéu ngudi ding trong mot phong. Xay dung biéu thirc
toan hoc cho BER va thong luong ctia mang VLC dé xuat két hop v6i mo hinh kénh VLC
trong nha, cac thong sb cua bo thu phat, tac dong cua tap Am va nhidu. Céac biéu thirc toan
hoc thu duoc c6 thé s& duge dung dé khao sat hiéu suét mang so voi tham sb 16p vat 1y khac

nhau dé danh gia tinh kha thi cia mang VLC d¢ xuét.



