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Tém tit - Cong nghé truyén thong bing anh sing nhin thiy VLC
(Visible Light Communication) l1a mot gidi phap cong nghé
quang — vo tuyén tién tlen dé cung cép cac dich vu mang khong
day trong nha. Yéu ciu co ban ciia hé théng VLC 1a cung cip
truyen dan toc dd cao va dd pha soéng lién mach. Pé dap vng yéu
cau nay, Kién tric h¢ thong VLC st dung tram phat da chum
sang da dwgc dé xuit gan day. Tuy nhién, ning cao hiéu ning hé¢
théng nay vin dang la vin dé mé ddi véi cac nha nghién ciru va
trién khai khi s6 lwong cac diu kién rang budc ting lén. Vi vay,
trong bai bao nay, ching toi dé xuit mjt co ché lap lich tai
nguyén nhim nang cao hi¢u niing hé théng da chium sang. Co che
1ap lich dé xuét bao gom thudt toin lya chon chim sing truyén
dir liéu va thuit toian phin bd tai nguyén kénh con cho nguoi
dung nhim gidm thiéu nhifu ddng kénh CCI (Co-channel
interference) va din t6i nang cao hiéu ning hé thong. Cac két
qui mé phéng trong nghién ctru cho thay sw cai thién rd rét vé ty
18 tin hiéu trén nhiéu cdng tap 4m (SINR), thong hrong hé théng
va thong lwgng ngwoi dung.

Tir khéa - Truyén théng dnh sing nhin thdy, thiét ké hé thong,
tram phdt da chum sdng, lgp lich tai nguyén, nhiéu dong kénh.

I. GIOI THIEU

Truyén thong bang anh sang nhin thdy VLC la cong
nghé truyén thong st dung dibt phat quang dién ning thap
LED (Light Emitting Diode) dé truyén thong dir liéu. Day
dugc coi 1a mot cong nghé bd sung day hira hen cho cong
nghé tin sb v tuyén RF (Radio Frequency). Cong nghé VLC
cung cip nhidu tinh ning wu viét nhu sir dung bing tan 4nh
sang kha kién (tir 400 THz dén 800 THz) rong gap 10 000 lan
so v6i phd RF, hiéu suat quang phd khu vuc cao, tiét kiém
nang lugng va khong gay nhidu dién tir v6i cac thiét bi dién
to nhay cam tan sd vo tuyen

Trong thoi gian gan day, VLC dugc xem nhu mdt cong
nghé mang khong day twong lai trong nha dé dap tng nhu
cdu truyén dir liéu téc do cao cho ngudi dung. Dé ning cao
chat lugng dich vu mang khi dap tmg nhu cau da truy cap ciia
ngudi dung, huéng tiép can st dung cu hinh tram phat tai
diém truy nhap AP (Access Point) c¢6 nhiéu chim sang
(multi-lightbeam) da va dang dugc nghién ctru phét trién
trong thoi gian gan day [1-3]. Cac dé xuit trén da dem lai
mot sb két qua cu thé. Ty 18 tin hiéu trén nhidu cong tap 4m
(SINR) ctia hé théng VLC véi bdn céu hinh tram phét 1, 3, 7
va 19 chum sang da dugc phan tich trong [1]. Trong [3],
nhom tac gia da phan tich tinh bdo mat & 16p vat 1y véi cac
trién khai mang khac nhau @ng véi cac cau hinh AP 1, 7 va
18 chum sang. Két qua phan tich va mo phong cho thay hé

thong str dung cdu hinh AP véi cang nhiéu chiim sang thi tinh
bao mat cang cao. Mat khac, nhiam nang cao hiéu suat quang
phé cia hé thong da chum sang, cac tac gia trong [2] di cho
thdy hiéu qua rd rét st dung phuong phap da truy cdp phan
chia theo khong gian thay vi da truy nhép phan chia theo thoi
glan Tuy nhién, cac dé xuat trén day chua dé cap t6i van dé
thiét ké cau hinh AP da chim sang t5i wu voi diéu kién dam
bao khong c6 ving mu va giam thiéu ving chong lan.

Céc AP trong hé théng VLC thuong duoc sir dung chung
tai nguyén bang tan dé nang cao hiéu qua quang phd. Tuy
nhién, viéc nay gy ra nhiéu CCI cao cho nguoi dung trong
ving chong 1an va lam giam dang ké SINR, dan dén toc do
truyén dir lidu bi suy giam. Do d6, cac giai phap giam thiéu
nhiéu déng kénh CCI duoc dit ra nhw mot muc tiéu then chdt
trong thiét ké cdu hinh. Trong [4], mdt phuwong phap sir dung
quan 1y nhiéu ty to chic dya trén busrt ban dé giam thiéu
CCI. Tuy nhién, diéu kién thoa hiép giita thong luong nguoi
dung va SINR ludn 1a mot tré ngai 16n. Trong [8] dé xuat giai
phap truyén dan két hop da diém cho hé thong VLC da chum
sang dé giam thiéu CCI va ting SINR. Tuy nhién, yéu cau
ddng bo chinh x4c giita cac AP lan can dé hop tac rat kho
thuyc hién trong thuc té. Thuat toan phéan bd chum sang dé
giam thiéu nhidu CCI dwoc dé xuét trong [5]. Thudt toan da
cai thién dang ké SINR tuy nhién chi c6 mot chim sang c6
thé truyén dit lidu tai mot thoi diém. Piéu nay lam gidm hi¢u
sut cua hé thong voi do tré goi tin cao va thong lugng thip.
Mat khac, khi st dung co ché SDMA (Space Division
Multiple Access) trong hé théng VLC [11] ndy sinh viéc ton
tai déng thoi hai loai nhiéu CCI trong hé théng (nhiéu ndi 6
va nhiéu lién 6). Piéu nay giy suy giam dang ké dén hiéu
nang hé théng va chat lwong nguoi ding. Theo nhu su hiéu
biét t6t nhit cua chung t6i, hién tai chua c6 nghién clru nao
trinh bay vé phuong phép giai quyét giam thiéu ca hai loai
nhiéu nay.

Trong bai bao nay, hé thong VLC truyén dan téc do cao
sir dung tram phat da chim sang dwoc dé xuét trong d6 cu
hinh tram phat da chim sang dugc thiét ké téi wu ving chong
1in va dam bao khong c6 ving mu [9]. Bai bao nay s& trinh
bay co ché 1ap lich tai nguyén dé loai bo nhiéu CCI va ning
cao hiéu ning hé thong va chét lugng ngudi dung.

Bai bao duoc t6 chirc nhu sau. M6 hinh hé théng va dé
xuat cau hinh tram phat da chum sang va cac co sé ly thuyét
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lién quan s& dwoc md ta & muc II. Co ché lap lich tai nguyén
dé xuét duoc trinh bay chi tiét trong muc III. Trong muyc IV,
céc két qua md phong duge thé hién va phén tich danh gia.
Cudi cung, két luan cua bai bao duge dua ra trong myc V.

II. MO HINH HE THONG

Mot hé théng VLC dién hinh gdm nhiéu 6 (cell) phuc vu
da truy nhap ngudi ding dugc trién khai trong khong gian
kich thude LxWxH (dai, rong, cao) thé hién trén hinh 1. Cac
thanh phan thiét bi chinh cua hé thong bao gdm: gateway, cac
diém truy cap AP va thiét bi nguoi ding UE (User
Equipment). Trong d6, tmg v&i mdi cell 1a mot AP dugc thiét
ké da chum sang dinh huéng dé cung cép truyén thong téi
nguoi dung bang anh sang nhin thdy. Cac diém truy nhap AP
két ndi voi internet thong qua mot gateway.

Trong md hinh nay, chung t6i d& xudt st dung da truy
cap phan chia theo khong gian SDMA két hop véi da truy cap
phan chia theo tan s6 tryc giao OFDMA (Orthogonal
Frequency-Division Multiple Access) cho duong xudng dé
dat dwoc da truy cdp va cung cp truyén dan dit liéu toc do
cao.

Hinh 1. M6 hinh hé théng VLC
A. Kénh dwong xuong

C6 hai loai dudng truyén trong mot hé théng VLC gém
duong truyén thing LOS (Line of Sign) va dudng truyén
phan xa NLOS (Non-Line of Sign). Véi gia thiét sir dung cac
chum tia lightbeam c6 dinh huéng cao va goc birc xa hep dan
t6i cong suat nhan duoc tir dwong NLOS nho hon rat nhidu
so voi LOS.Thém vao do6, hoat dong tudn hoan theo khung
OFDM cho phép giam tic dong ciia nhiéu lién ky hiéu ISI
(Inter Symbol Interferene) [4, 7]. Vi vay, ddc trung kénh
quang duong xudng c6 thé xap xi theo duong LOS nhu biéu
dién trén hinh 2. D6 loi kénh dugc tinh toan nhu sau [6]:
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O day, 4 1a dién tich vat Iy cua may do trong bd
photodetector (PD), d 1a khoang cach gitta AP va PD; ¢ 1a
gbc toi; ¢ la goc chiéu xa; T;(y) la do lgi ctia mdt bd loc
quang hoc; g(¥) 1a d6 loi cua bd tap trung quang; m la don
vi phat xa Lambertian dugc cho bdi — In(2)/In(cos()) vOi ¢ 1a
goc nira cong suat ciia LED va . biéu thi goc nhin ciia bo
nhan (FOV). Véi n biéu thi chi sb khuc xa, bd tip trung
quang ly tudng dat dugc:
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Véi cong suat quang truyén ctia mdi beam trong AP 1a P,
cong suat quang trung binh nhan dugc & PD dugc xac dinh
nhu sau:

(m+1)A

P.= P,
r t 2wd?

cos™ () T;(¥)g () cos() (©)

Tran nha

Mit phing UE v

hUE

B0 nhan PD

Hinh 2. M hinh kénh dudng xubng

B. SDMA/OFDMA dwong xuéng

Giai phap SDMA da dugc dé xuat trong hé théng VLC
str dung tram phat da chum sang trong [2]. Tan dung céac dac
trung chiéu sang han ché ciia LED, cac chum 4nh sang dinh
hudng voi cac ving phu song tach bi€t co thé ddng thoi phuc
vu nhiéu nguoi su dung & cac vi tri khac nhau véi cung tai
nguyén bang tan.

Trong hé théng VLC da chim sang, s lugng ngudi ding
UE dugc phuc vu & mdi beam bi gii han béi ving phi cia
mdi tia. Trong nghién ctru trude [5], khi md hinh hé théng
VLC chi cho phép mdi thoi diém chi c6 mot beam trong AP
duoc truyén dit liéu da dan dén hiéu nang hé théng chua hiéu
qua vé mat thong luong va do tré goi tin. Vi vay, trong bai
b4o nay, ching t6i dé xudt hé théng VLC sir dung giai phap
két hop SDMA/OFDMA cho duong xudng, mdi AP s& co
nhiéu khdi thanh phan OFDMA (N, > 1) va mdi thanh phan
s& tuong Ung 1a mot dudng truyén trong SDMA. Mot cum
truyén dan TC (Transmission Cluster) dugc dinh nghia 1a mot
nhoém chum sang vt 1y trong AP ¢6 thé truyén cing mét tin
hiéu. Cac nguoi dung dugc phuc vu bdi mot TC sé duoc cép
phat kénh con bi mot khdi thanh phan OFDMA trong AP.

Véi co ché OFDMA, bing tan cia mdi thanh phan-
OFDMA dugc chia thanh cac song mang con Nsc. Cac song
mang con canh nhau dugc nhém lai thanh cac khéi duge goi
la cac don vi tai nguyén kénh con RU (Resource Unit) [4].
Mot RU dugc biéu thi (k, n) trong d6 & 1a chi s tan s6 va n 1a
chi s6 thoi gian. M&i AP co N, khdi thanh phan OFDMA va
dai bang tan cta cac thanh phan nay 1a giéng nhau. Vi vay, tai
nguyén duoc tai su dung khong chi giita cac AP ma con trong
chinh mdi AP. Gia st rang, mdi thanh phan cta AP c6 mot
tap don vi tai nguyén (RU) nhu sau:

RUs = {RU,} 4)

O day, x € {1, ...,
phin OFDMA.

N,.}, N,, 1a s6 RU ciia mdi thanh



C. Thiét ké cdu hinh tram phat da chim sing

Dé phuc vu ving phu 16n, hé thdng VLC dugc trién khai
qua ciu hinh nhiéu diém truy cép trén mat phang phat. Nhim
dam bao hai yéu cau co ban ctia mot hé théng VLC gom két
nbi lién tuc va khong diém mu (blink spots), thiét ké ving
phu trén mat phang ngudi dung phai dap ng hai rang budc
nhu sau:

- Khong c6 vung mu gilta cdc vung phu cua cac chum
sang trong AP;

- Khong ¢6 vung mu gitta cac vung phu & cac AP vai
nhau.

b)Céu hinh hai vong chiim sang (S,)
Hinh 3. Thiét ké cdu hinh tram phét da chim sang

Trong nghién ctu nay, hai thiét ké cdu hinh tram phat
dugc dé xuit dé giam thiéu ving chong 1an trong khi van dam
bao khong c6 ving mi d6 1a cu hinh mot vong chum sang
(S;) va céu hinh hai vong chum sang (S,) nhu thé hién trén
hinh 3. Co so xdy dyng va tinh toan thiét ké cu hinh tram
phat da dwoc trinh bay chi tiét trong [9]. Cac thong sb thiét ké
ctia hai cau hinh S;va S, dugc thé hién qua bang 1.

BANG ITHONG SO CAU HINH S;VA S,

Céc thong sb S, S,
S Iugng chum séng 9 25
Goc nira cong suat o ©o =p1=15°,
ctia chiim sdng Po=¢:=20 p,=10°
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Hinh 4. Trién khai lu6i quang hoc trong mang VLC

Tai mat phéng phat, cac AP duogc trién khai theo dang
ludi trong khong gian (L mX W mXxH m) (dai, rong, cao) nhu

thé hién trén hinh 4. Dé tién tinh toan, chiéu dai va chiéu rong
clia tran nha dugc chia thanh @ phan va b phan bang nhau.
V6i [ 1a khoang cach giira hai AP, diéu kién dé dam bao ring
khong c6 ving mu giita cac AP da d¢ xuat duoc dua ra nhu
sau:

L
) 2xa T 7 \ X 2xa =
{S1h: 9w = 22 va {Sy} % = 2 (5)
— < 2,2h — < 2,14h
2Xb 2Xb

III. CO CHE LAP LICH TAINGUYEN

Nhur da thao luan trong muyc trude, viéc phan hoach thanh
cum phat TC cho phép cai thién hiéu qua str dung kénh, do do
cai thién hiéu nang h¢ théng. Tuy nhién, ta can c6 mot co ché
lap lich tai nguyén hiéu qua dé cic chum sang khong giy
nhicu.

A. Nhiéu dong kénh CCI

Dé thuan tién trong truyén thong dir lidu toi nguoi dung,
céc tram phat AP trong hé théng VLC sir dung chung mot tai
nguyén bang tan. C6 hai hién twong nhiu xay ra khi tit ca
cung st dung chung bang tan: nhidu giita cic 6 trong hé
thdng goi 1a nhiéu lién 6 (inter-cell interference ICI); mdi AP
¢6 N, thanh phan cung sir dung chung bing tin s& gy ra
nhiéu noi 6 (intra-cell interference). Nhu trén hinh 1, UE;,
UE, va UE; dang bi anh huong ICI do nam trong viing chéng
lan giira cac AP; UE,, UEs va UE¢ dang bi anh huong nhiéu
ndi 6 do nam trong ving chong lan gitta cac chim sang trong
cung mot AP.

Ty 1€ tin hiél} trén nhiéu cong tap &m SINR la mot tI}(‘)ng
s0 thong dung d¢ danh gia chat lugng tin hi€u cua thict bi
nguoi dung. SINR &, (u) tai UE u trén song mang con k dugc
tinh nhu sau:

§i(u) =

Zm(Potp,kdeGu,m,i)zFOE
Zm’(Potp,kdeGu_m’_i)2F0E+ ZjZn(Potp,kdeGu,n,j)zF0E+N

(6)

O day, Pop i la cong sudt quang hoc ciia chum sang sir
dyng trén song mang con tht k; ¥ (PotprRpaGum,i)? For 12
cuong d6 tin hi¢u nhan dugc bdi TC dang phuc vu u; m la chi
sO chum sang cuia cac chum sang trong TC dang phuc vu u;

Gym,; 1a d0 loi kénh DC tur chum sang m cua AP dénu;
Yo' PotpeRpaGum' ) *For 12 tong cong sudt quang ctia nhiéu
noi 0, ¥; Zn(PotkapdGun]) Fop 1a tong cong suit quang cua

nhiéu lién 6; m’ 1a chi s§ chum sang cua cac chum sang dugc
truyén dit liéu trong AP, khong thugc TC chirau; j 1a chi sb
AP lan can gy nhiéu 1én u; n 14 chi s6 cac chum sang dugc
truyén dit liéu trong cic AP lan cén; R,q la d nhay cua PD;
For 12 hé s6 chuyén doi quang dién va N 1a cong suét on trén
mdi séng mang con; Cong suat nhidu nén duge xac dinh nhu
sau [4]:

4KpTB, .

N =2qly B +—p
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O day, I bg 12 cudng do dong dién do anh sang nén; B, 1a
bang thong cua mot song mang con; ¢ = 1,6 X 1071° C; Kz la
héng s6 Bpltzmann; T biéu thi nhiét d9 tuyét dbi; R r la dién
tr¢ phan hoi cia bg khuéch dai (TTA).



B. Co ché ldp lich tai nguyén

Dé giam thiéu nhiéu, mot co ché lap lich tai nguyén sir
dung thong tin vé CCI va céc thong tin c¢6 san (40 dai hang
doi va thong luong trung binh) dugc dé xudt. Dau tién,
gateway s€ lua chon cac chum sang vao cac TC cta AP dya
vao viéc ap dung thudt toan lya chon chum sang dé chon cac
chum sang khong bi CCI dya vao ma tran chum sang. Sau khi
gateway hoan thanh viéc lya chon chum sang, gateway sé gui
thong tin vé cac TC dén AP. Tai thoi diém do, AP phan bd
kénh con cho cic UE ciia mdi TC theo thuat toan phan bo tai
nguyén kénh con. Co ché lap lich tai nguyén dé xuat huéng
t61 hai muc ti€u sau:

- Loai bo nhiéu d@)ng kénh CCI ndi 6 va lién 0;
- Cai th~ién hiéu ning hé thong thong qua ting thong luong va
giam tré goi tin.
1)  Cdp nhdt ma trgn quan Iy nhiéu ciia cdc chim sang
Tap hop cac AP trong phong duwgc mo ta nhu sau:
APs ={AP;;}, i€{1,..,b}, je{l,..,a} (8)
Mobi AP;; ¢6 N}, chum sang véi mot chum séng trung tim
va cac chum sang ¢ cac vong ngoai dugc mo ta nhu sau:
Beams = {b.’} x € {1,...,N,} ©)

Chting t61 dé xuét str dung ma tran nhiéu cia cac chum
sang (M¢;) dé hd trg viée quan 1y nhidu. Ma tran nay duoc
thuc hién tai gateway, trong d6 gateway cip nhat thong tin vé
cuong dd tin hi¢u thu RSS (Received Signal Strength) cta
toan by nguoi dung. Dua vao thong tin RSS thu duoc,
gateway xac dinh dugc sy anh huong CCI gitta cac chum
sang v&i nhau. Sy anh huéng CCI cua chum sang by’ 1én

i’ £ 1:a ;A . A
chum sang by, duoc thé hién qua chi so CCI @ ;o> chiso
x by
CCI dugc xac dinh nhu sau:
_ {1 C6 UE nhinRSS cla ca bfc’j va b}i,"j’ (10)

B b 0 Khéng cd UE nhan RSS cha ca b’ va b,”

Thuat toan lga chon chum sang cua co ché 1ap lich dé
xuat s€ st dung chi so CCI nay d€ thyc hién loai bdé nhicu
dong kénh CCI nham cai thién SINR. Ta c6 ma trdn nhicu
CCI cua toan hé thong duoc xac dinh nhu sau:

(04 (04

1,1 41,1 1,111 I zab
B ptt Fpl g o
a 1,0 .11 a 1,1 .11 e I zab
Mo =| 20 by by oy by, (11
aba,b bl,l aba,b bl,l > ba,bJ
Ny 201 Ny 2 “Np 0N,

Puong chéo chinh ciia ma tran nhiéu nay bang khong, do
chim sang khong thé gay nhidu CCI 1én chinh no. R rang ta
thay, khi hé thong 1ip dit cang nhiéu AP thi kich thuéc ma
tran cang 16n va dan t6i do phic tap tinh toan ting. Dé tranh
didu nay, ching toi dé xuat thuit toan quan ly nhidu nhu dudi
day.

2)  Thudt todn lwa chon chim sang truyén dan

Thuat toan nay thuc hién viéc lya chon cac chum sang
vao cac TC cua tat ca cac AP trong hé thong. Khi thyc hién
thuat todn, gateway dinh nghia mét active-beam la chum sang
¢6 dir lidu dé truyén. Gateway sé& duy tri mot danh sach tat ca
cic active-beam trong hé thong (list_of activeBeams).
Gateway thuc hién Iya chon chim sang c¢6 trong sé d6 uu tién
cao vao cac TC. Trong khi d6, cac chum sang c6 trong s6 do
vu tién thip va c6 nguy co giy ra CCI dén cic UE & cac
chum sang da dugc chon trude d6 s€ khong duoc lya chon.
Céc chum sang khong dugc chon sé& chi thuc hién chiéu sang
thong thuong. BQ'mg cach nay, cac khu vuc bi CCI da duogc
tach roi thong qua viéc ngimg truyén dit liéu & cac chum sang
gay CCI. Céc qua trinh thyc hién thuat toan nhu sau:

Thi tuc 1: Thu tuc nay thuc hién tao va sép xép danh sach
cua tat cad active-beam trong toan hé thong
(list_of activeBeams). Gateway lay cac active-beam lan lugt
theo tiing AP trong ma tran AP vao danh sach. Gateway sap
xep list of activeBeams theo trong so d§ uu tién cua chum
sang dugc xac dinh theo cong thic sau:
Sbi' j
Wij = 2XQ,i (12)
by 644 by
bx,y

Trong do6, & b 1a théng luong yéu cau can dat duoc cia
chum sang, bang tong thong lugng yéu cau cua cac UE trong
by 61’7; ; la thong lwong dat duoc hién tai ctia chum séang,
bang téng théng luong hién tai cua cac UE trong b,lcjy ij;{'ylé
tong sd goi tin trén hang doi cta tat ca cac UE trong by,
Thi tuc 2: Thu tuc nay thyc hién lya chon céac active-beam
vao trong cac TC cua cac AP, dong thoi loai bé nhicu CCI
trong hé thong. Cac active-beam dugc lya chon vao cac TC
s€ trd thanh cac transmission-beam (transmission-beam 1a cac
chum sang duoc truyén dir liéu ¢ khung thoi gian tiép theo).

Buwée 1: Lya chon mot active-beam cé trong sb6 d6 wu tién

cao nhat vao mét TC va dong thoi dam bao beam dang xét

khong gay nhiéu ndi 6.

- Gateway xem xét chum sing dau tién trong
list_of activeBeams. Gia st rang chum sang dau tién do
la beam b,lcjy ctia diém truy cap AP; ;. Xba b,lcjy ra khoi
danh sach list_of activeBeams.

- Kiém tra sy anh huong CCI cua b;]y dén cac TC trong
AP; j dya trén ma tran M¢c;. Gia su K 1a s6 TC bi anh

hudng nhiéu khi beam b,LC]y duoc lua chon dé truyén dir

liéu.
e Néu K > 1 thi by), khong dugc chon vao bt ky TC nao
cua AP, ;.

e Néu K =1 va TC bj anh huong CCI 1a TC, thi kiém tra
sO0 chum sang da co trong TC, (giad st sO chum sang
trong TC, 14 z). Néu z< M thi b;]y dugc chon vao TC,.

e Néu K = 0 thi by, dugc lua chon vao TC,. TC, 1a TC
ma c6 sO lugng goi tin trén hang doi 1a it nhat va so
transmission-beam trong TC d6 phai nho hon M.



Véi viéc chum sang b,lcjy khoéng duogc lya chon néu K >
1 va viéc b,LC’y duoc lya chon vao TC, trong trudng hop K
=1, hé thong da loai bd hoan toan dugc nhicu ndi 6. Véi K
=0, b;]y duoc lya chon vao TC ¢ sb luong goi tin trén
hang doi it nhit. Viéc dé xuat s luong chum sang trong
moi TC la khong vuot qua M gitp cho viée lua chon cac
chum sang truyén gitra cac AP tré nén cong bang hon.

Buwée 2: Bude nay thyc hién xem xét loai bd nhiéu lién 6
ICI trong h¢ thong.

- Néu chum séng b,lcjy duogc lya chon vao mét TC, gateway
s& x0a tat ca cdc chum sang dang anh huéng ICI dén by,
cua cac AP lan can ra khoi list_of activeBeams. Viéc xac
dinh cac chum sang d6 dua trén ma trdn chum sang nhic¢u
Mcc;. . .

- Gateway kiém tra List of activeBeams. Néu danh sach
da trong thi ket thic chuong trinh. Nguoc lai, néu danh
sach van con chum sang thi quay lai budc 1.

Khi mdt chum sang dugc lgya chon dé tr¢ thanh
transmission-beam, cac chum sang cia AP lan can ma gay
ICI v6éi chum sang dugc chon s€ dugc loai bo khoi
list_of activeBeams. Cac chum sang da xo6a s€ khong duogc
xem xét dé truyén dir liéu & khung thoi gian tiép theo. Két
qua 1a, thuat toan dé xuat loai bé hoan toan nhidu ICI trong
hé théng.

3)  Thudt todn phdn bé tai nguyén kénh con

Khi AP nhan dugc thong tin vé cac chim séng trong cac
TC ciia n6, qué trinh phan bd cac RU t6i cac UE duoc thuc
hién. AP c6 N; thanh phin-OFDMA va tai mdi thanh phan ¢
KRU (6 day 1 RU 1a 1 kénh con). Thuét toan dugc mo ta nhu
sau:

Thi tuc 1: Thu tuc nay thyc hién tao danh sach cac UE dang
duogc phuc vu bdi cac chum sang trong TC (list_of UE). Thuc
hién tinh toan trong s6 d6 wu ti€n W, cua UE theo cong thire
duéi day:

8y,

!
Sy
Ui

Wy, = X Qui (13)

O day, 8y, la thong lugng yéu cau tdi thiéu cia UE u;;
8y, la thong lugng trung binh hién tai dugc tinh trong mot
khoang thoi gian T;; @y, 12 sO goi tin trén hang doi cia u;.

Thua tyc 2: Thu tyc nay thyc hién cap phat RU cho cac UE.
Buwdce 1: Sap x€p list_of UE theo trong s6 d§ uu ti€n cua
UE.

Bude 2: Xem xét UE dau tién (gia sir 1a u,) trong
list_of UE. UE dau tién trong danh sach 1a UE c6 d6 uu
tién cao nhat, diéu nay giup hé thong ludn lya chon dugc
nhung UE c6 d0 uu tién cao d€ dugc truyén dir li¢u.
- Cap phat mét RU cho u,,.
- Cap nhat lai @, ; néu Q, = 0 thi x6a u, ra khoi
list of UE.
- Cap nhat lai thong lugng trung binh cta u, nhu sau:
I 1 ' 1
5w = (1- T—C) 8,(n = 1)+ 7Ry (13)
O day, R, 1a lugng dit liéu duoc phan bd trén mot RU,
T, la khung thoi gian (T, = 1000). §, (n — 1) 1a thong
luong trung binh trong qué khir.

- Cap nhat trong $6 do uu tién Wux cho u,.

Buére 3: Néu list_of UE rdng hodc da cip phat hét N,,, RU
ctua thanh phan thi két thuc chuong trinh. Nguoc lai, quay
ve budce 1.

IV. PHAN TiCH VA PANH GIA HIEU NANG

Nhim kiém ching dé xuit, cac tham sd dau vao mo
phong dugc xac dinh nhu sau. H¢ théng VLC phuc vu cho
mdt khong gian (16 mx 16 mx3 m). Chiéu cao cta UE so voi
san nha 14 hyz = 1 m. Géc FOV ciia UE huéng 1én trdn nha
va vudng goc véi mit phang san. Cac UE duoc phan bd déu
trong dién tich mo phong. Két ndi méi dugc tao ra thong qua
qué trinh Poisson véi toc do dén trung binh 4 két ndi/ phat
v6i thoi gian két ndi theo phan phdi mii trung binh 1a 180
gidy.

H¢ thong VLC da chum sang dugc mé phong trén hai
céu hinh S; va S,. Pé dam bao khong ¢ khu vire mu trong hé
thdng, dua vao cong thirc (5), ching toi x4c dinh duoc can it
nhit 4 x 4 AP duoc lip dit trong cin phong. Cac théng sé md
phong dugc trinh bay trong Bang 1.

BANG 2 THONG SO MO PHONG

Céc thong s6 md phong Ky hiéu Gia trj
Thoi gian mo6 phong T 3600 (giay)
Thoi gian cua mot khe T, 0,001 (giay)
o A 4 (khe thoi
Thoi gian khung truyén Tr gian)
Cong suat quang ciia AP Pap 34 (W)
Dién tich vat ly ciia bd nhan PD A 1,5 (cm?)
Goc nhin cua by nhan PD Ye 70°
Dong dién do 4nh sang nén lhg 5100 (pnA)
Dién tro phan khang cta TIA Rg 6 (kQ)
Hé s6 chuyén d6i quang thanh dién For 1/9
Bang thong ctia mot thanh phan
RS B 20 (MHz)
SINR yéu cau toi thiéu cua dieu che 64-
QAM OFDM 3 16,6 (dB) [4]
S6 RUs trong mdi thanh phin OFDMA Niew 10 (RUs)
Kich thudc goi P 10,8 (Kb)

Trong nghién ctru ndy, co ché dé xuat dugc danh gia va
so sanh vé6i co ché tuan tu (Roundrobin-RR) [5]. Co ché RR
cling dugc thuc hién thong qua hai quy trinh: lya chon chum
sang truyén din va phan bd kénh con cho cac UE. Tuy nhién,
co ché thong thudong nay duoc thuc hién ma khong xem xét
dén tac dong vé CCI, do tré goi tin va thong lugng dudng
xudng.

Hinh 5 biéu dién SINR trung binh tai by nhan cua cac
UE. Trong tit ca cac truong hop vé sb luong thanh phan
OFDMA (N, tir 1 dén 5 va M =2), co ché dé xuét ludn dat
dugc SINR 16n hon 30 dB. Trong khi d6, véi co ché RR,
SINR bi giam sau do tac dong cia CCI cao: chi dat 17 dB tai
N, = 5 cta cau hinh S;, 22,4 dB tai N, = 5 cua cdu hinh S,.
Do di loai bo hoan toan nhidu ndi 6 va nhiéu lién 6 trong hé
thong, két qua trong hinh 5 da thé hién sy cai thién rat nhidu
vé SINR cua co ché dé xuit so voi co ché RR trude do. S6
luong chum sang & céu hinh S, 16n hon nhiéu so véi S; va
vung phu séng ciia mdi chum sang tai S, ciing nhé hon S;.
Diéu nay lam giam tic dong CCI khi sir dung cau hinh S, so
voi S; khi st dung co ché RR, dan dén SINR & S, cao hon so
v6i S; khi cung sir dung co ché RR.



Thong luong hé théng dat duoc ¢ cac hé théng VLC sir
dung céc co ché khac nhau dugc dua ra trong hinh 6. Két qua
cho thdy su cai thién 1én dén 14,4% & S; va 14,2% & S, cia
co ché dé xuat khi duoc so sanh véi co ché RR. Voi N, =1 va
2, thong lugng dat dugc o hai thiét ké cAu hinh 1a sép xi nhau,
do d6 véi truong hop nay hé thong VLC nén duogc trién khai
voi cdu hinh S; dé giam chi phi va do phtc tap tinh toan. Tuy
nhién, khi N, > 2, hé thong VLC st dung ciu hinh S, dat
thong lwong hé théng vuot troi so voi hé théng st dung S;.
Tai N, = 5, thong lwong hé thdng vdi co ché dé xuat dat duoc
408,61Mbps & S,, trong khi d6 hé théng khi sir dung S; chi
dat duoc 285,55 Mbps. Cho thiy su cai thién 1én dén 43% &
N, =5 cua hé thong sir dung S, so v6i S;.

50

3 ! ! !
| |
322:;:;‘—"—“—4) 4 <
b N & o —
TTTTTTTTT T LT
| I |
e S S ——
— - | |
= S O e o]
o ‘ T T~ 1
2247**********:¢“:: ********* IL*****::‘*::*‘ *************
2] | LT 1 O--e .
7 ) T R, T G T o
-{-'M=2,RR, 51 ?-n i
01 —-m=2,pp,51 [T I el
1gll-&M=2RR, 82 | GG - TR
—-©-M=2,PP, 52 | | B (
16 1 L
1 2 3 4 5
Sé lwong transmitter trong AP (Nt)
Hinh 5 SINR trung binh véi N, tir 1 dén 5
450 T \
-©'M=2 RR,S2 i i
400l —©—M=2,PP,S2 | ________ 4: ,,,,,,,,,,,, l:> ,,,,,,,,,
7 -¢‘M=2,RR, S1 i i
s —5—M=2, PP, 81 4 ‘
= 350 ILIUCEC LI bttt s~ st IO
@0l [ Il NP
s 300 | ! -
P e e
2 e
! i PP A o]
8200~ r——> - :e} r
o | |
£150--———-—> i R
= | |
= | |
100 grgem e L]
] | |
I 1 1
1 2 3 4 5

Sé lwong transmitter trong AP (Nt)

Hinh 6 Théng lwong hé théng véi N, tir 1 dén 5

35

o @RR, S1
8PP, S1
25
ORR, S2
20 BPP, 52

15

10

Thong hrong nguoi diing [Mbps]

T Y

AR

25
B2
£
(%)
Q3
B
ol

56 lwong transmitter (Nt)
Hinh 7 Théng lwong ngudi ding véi N, tir 1 dén 5

Hinh 7 cho thdy su cai thién 1én dén 14,8% & S;va 14,1%
& S, cua co ché dé xuét so voi co ché RR khi xem xét vé

thong lugng ngudi dung. Véi hé théng sir dung S, va co ché
dé xuat, thong lugng nguoi dung & N,= 5 dat 33,2Mbps gép
4,66 1an so v6i Ny= 1 1a 7,1 Mbps. Tir d6 thiy duoc su vuot
troi vé téc d6 truyén dir liéu cua hé théng VLC
SDMA/OFDMA da chim sang khi so sanh véi mot hé thong
VLC don chum sang thong thudong khi ma hé thong d6 chi co
mdt thanh phan OFDMA trong AP. Bing viéc loai bo hoan
toan dwoc CCI gitip nang cao SINR, bén canh dé co ché ludn
lya chon cac chum sang cé d¢ uu tién cao dé truyén dir liéu
va phan bd RU cho cac UE c6 d6 wu tién cao. Do d6, Co ché
dé xuit d3 dat duogc hiéu qua tdt hon nhiéu so véi co ché RR.

V. KET LUAN

Bai bao nay da dé xuat mot co ché lap lich tai nguyén
méi gdm thudt toan lwa chon chim va thudt toan phan bd
kénh con. Nghién ctru da danh gia duoc co ché dé xuét khi so
sanh v6i co ché tuan tu trude d6 thong qua cac thong sb vé
SINR va thong luong dudng xudng. Bing viée lya chon cac
chim sang truyén dan va phan bd kénh con cho ngudi ding
theo do wu tién c6 sir dung cac thong tin vé tong sb goi tin
trén hang doi, thong luong trung binh va théng tin vé CCL.
Qua phan tich va md phong kiém chimg cho thiy, thuat toan
1ap lich d¢ xuét da loai bo hoan toan nhidu dong kénh CCI ni
6 va lién 6. Dong thoi, thuat toan dé xuét cho thay su cai thién
thong luong rd rét so vdi co ché 1ap lich Round-robin trong
hé thdng VLC da chum séng.

LOI CAM ON
Cong trinh nay dugc hd tro béi Pai hoc Quéc gia Ha
Noi, thong qua Pé tai QG.18.35 "Nghién ciru giai phap loai
b6 nhidu, nang cao hiéu ning mang va phat trién phan mém
mé phong mang truyén théng anh sang nhin thay st dung cac
chum sang dinh hudng".
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