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TOM TAT

Hé théng quang vé tuyén trong nha duoc
quan tdm nho khd ndng truyén di liéu tbc d6
cao ma khéng can nhiéu véi séng dién ti.
Ky thuét da déu vao — da déu ra (MIMO) cho
phép truyén dir liéu téc dé cao hodc cai thién
chét lwong truyén. Ghép kénh phan chia tan
sé truc giao (OFDM) ¢6 thé givi lubng di liéu
& téc do cao bdng cach dung nhiéu séng
mang con truc giao. Bai bédo nay dé xuét hé
théng quang vé tuyén dung ky thuat MIMO-

Tor khéa: Quang vo tuyén, MIMO, OFDM
MO PAU

Gan day, véi sy phét trién cua cong nghé,
con ngudi dang c6 xu hudng sir dung nhiéu thiét
bi di dong, thiét bi xach tay thay vi sir dung may
tinh dé ban. Nhitng thiét bi nay rat thuan tién
nhung viéc trao d6i dir liéu giira ching bi han
ché. Giai phap truyén dir liéu giita cac thiét bi
dung tan sé vo tuyén cho phép thiét lap nhiing
duong truyén trong nha véi khoang cach ngén.
Tuy nhién nhiing giai phap nay twong dbi dat va
c6 toe @6 truyén thap. Chuan Indoor IEEE 802.11
[1] kha phd bién va cung cap toc do dir ligu xap
xi 50 Mbps. Puong truyén ding tan sb vo tuyén
¢6 bang thong truyén bi gigi han va co6 thé bi
nhidu boi nhitng thiét bi khéc. Hé thong quang
khéng day c6 thé giai quyét nhitng han ché nay.
Hién nay, nhiéu duong truyén quang khong day
dang dugc dau tu nghién ciru ¢ cac phong thi

OFDM. Ttrng lubng di¥ liéu trén méi anten
quang duoc tach ra bang thuat toédn ép
khéng. Ti Ié I6i bit dugc wéc lwong béng
phuong phép bién dé véc-to 16i (EVM). Két
qua phén tich ti 1é 16 bit (BER) cho thay hé
théng MIMO-OFDM quang vé tuyén dat
duoc chét lwong cao hon so véi hé thong
quang MIMO khi truyén tin hiéu qua kénh
truyén c6 phén xa.

nghiém trén thé giGi va co thé dat t6i toe do vai
Gbps [2]. Puong truyén quang khdng day truyén
thong tin bang cach st dung bo didu ché dién
sang quang, thong thuong la Light-emitting diode
(LED) va photodiode chi phi thap ma khong can
sir dung cac ki thuat thiét k& mach cao tan. Do
dai tin sb vo tuyén khong nam trong dai tin sb
quang nén duong truyén quang khéng day khong
bi nhidu véi cac thiét bi s dung tan sb khong
day. Su phét xa quang trong vung hdng ngoai
hodc ving khong nhin thay d& dang bi chan lai
bai sy chan sang. Do vay, nhiéu giira nhiing thiét
bi k& nhau dwoc giam xudng mot cach d& dang va
kinh té. Buong truyén quang ciing phu hop cho
nhiing thiét bi xach tay vi ¢6 rat nhiéu mach thu
phét quang nho véi gia trong ddi thap.
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Puong truyén quang khong day c6 mot vai
nhuge diém. Tin hiéu quang bi suy giam va tan
sic do hién twong truyén da duong. Puodng
truyén quang khdng day bi anh huéng boi nhiing
ngudn sang xung quanh hay nhidu nén [3, 4].
Cong suit tdi da cua anh sang quang bi gigi han
boi nhitng quy dinh vé bao vé mat va da [3]. Pau
thu quang khéng day yéu cau photodetector cd
ving nhay 16n dé thu nhan du cong suat va dat
duoc chat lugng tin hiéu chap nhan dugc, thuong
thi Bit-error-rate (BER) 1a duéi 107 [5].

Gan day, k¥ thuat MIMO duoc nghién ciu
va la mot ky thuat trién vong trong viéc gia ting
dung luong hodc chat lwong hé théng. Dé 1am
dugc diéu nay, ky thuat MIMO di truyén va nhan
dir liéu bang cach sir dung nhiéu antenna & ca bén
phét va thu. Hé théng MIMO quang vo tuyén da
séng mang cho chit lugng truyén tét hon hé
thong SISO khi thiét 1ap goc nira cong suat mot
cach hop ly [6]. Trong moi tredng ¢b phan Xa,
khi téc do truyén qué 16n, hé théng can su dung
ky thuat ghép kénh da song mang dé chia ludng
dir liéu thanh nhiéu ludng nhé cé toc do thap.
OFDM Ia ky thuat stir dung hiéu qua bang thong
bing cach dung cac séng mang con truc giao.
Mot ky hiéu OFDM c6 thé chaa rit nhidu séng
mang con chdng lan 1&n nhau vé mt phé tan, nho
vdy, bang théng dugc tan dung hiéu qua. Cung
véi d6 1a viéc thuc hién OFDM kha don gian vai
thuat toan IFFT cho ludng phat va thuat toan FFT
& ludng thu [7]. Ky thuat OFDM con hiéu qua
trong mang da truy cap, hé thong truyén vo tuyén
trén sgi quang (RoF) [8]. Trong bai bao nay,
ching tdi dé xuit hé théng quang vo tuyén dung
ky thuat MIMO-OFDM qua kénh truyén cé phan
xa. Hé théng quang vo tuyén dugc dé cap & day
c6 thé phét trién dé (tng dung cho cac hé théng vo
tuyén trong méi truong quang tu do (Radio-on-
free space optical: RoFSO). Pay 1a hé thing
dugc d& xuat trong thoi gian gan day [9]. Phan
con lai bai bao dwoc trinh bay nhu sau: phan 2
trinh bay co s¢ ly thuyét, phan 3 trinh bay hé

théng quang vo tuyén dung MIMO-OFDM, phan
4 trinh bay két qua md phong, va phan cudi cing
1a két luan.
CO SO LY THUYET
Piéu ché cwong dd va tich séng truc tiép
Nhiém vu chinh cua dau phét quang la
chuyén dbi tin higu dién thanh tin hiéu quang va
phét tin higu ra kénh truyén. Laser Diode (LD)
thuong duoc st dung lam nguon phéat quang. Doi
v6i LD didu ché tuyén tinh, tin hiéu dién mang
thong tin s(t) dwoc diéu ché thanh cong suit
guang theo cong thurc:
Pt)=R[1+ms()] (1)

véi Py 1a cong suat trung binh cua dau phat
va m la chi sb diéu ché quang.

DPéi voi LD c6 didu ché khong tuyén tinh,
chiing sé ton tai nhitng méo dang diéu ché. Cong
suét chu yéu ciia méo dang diéu ché ngoai (IMD)
1a ham bac 3 [10]. Do vay, cong sut quang phét
ra P(t) dugc tinh nhu sau :

PO =RIL+sO)+as’ O ()

Voi g 12 hé s6 phi tuyén bac 3.

Tai dau thu, goi X(t) 12 céng suét tic thoi
ctiia ngudn phat quang. Y(t) 1a dong tirc thoi sau
photodetector. Y(t) ti I& thuan véi tong cong sut
thu duoc

Y() =RXO®h)+N{B)  (3)

v6i R 1a dap tng cua photodetector, ® la nhan
chap, h(t) 1a dap ng cua kénh truyén quang, N(t)
1a nhidu nén dugc md phong nhu nhidu AWGN
¢6 phuong sai nhu biéu thic sau [11]:

ol = oﬁg + O't%] 4
r: 2 N
Vi O = 2qrPpg Ayg Al s Ry Va
2 AkgTy,
Oth = =t Ry

.

Voi q 1a dién tich electron, r 1a dap Gng cua
photodetector, py, la d6 bic xa cua ngudn nhiéu
dang husng, A,y la dién tich vung detector, o4
1a bang thong b nhiéu quang, 1, I hé s6 bang
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théng nhidu, R, 1a toc d¢ bit, kg l1a hing sé
Boltzmann, T, l1a nhi¢t do tuyét d6i, R 1a dién
tro hoi tiép cua bo tién khuéch dai. Khi sir dung
OFDM, mét khoang bang thong can dugc thém
vao cho khoang tién t6 vong. D6i véi moi truong
trong nha, khoang tién t6 vong 1a khong dang ké
S0 V6i tong thong tin c6 ich nén phuong sai ciia
nhiéu c6 thé dugc tinh bang biéu thic (4).
Kénh truyén quang khong day

Hinh 1 trinh bay mé hinh kénh truyén quang
v tuyén trong nha [12].
Kénh truyén quang khong day

Trong trudng hop don gian, md hinh kénh
truyén quang khong day trong nha 1a duong
truyén thing va c6 dap ung khéa phing. Pap ung
kénh truyén cé thé dugc tinh nhu sau [12]:

©) 4- o ni
h™(t;S,R) = 52 cos" (4)dQ

.rect(%)é(t— R/c)

R(#)

Dau phat

DPau thu

v6i S 1a dau phat; R 1a dau thu; @1a goc cua
dau thu; FOV la ving nhin thay (field of view);
dQ 1a goc @i dién véi dau thu; n 1a sé mode cua
bup buc xa va tinh bang cong thuc:
n=—(In2/In(cos®y,)); va @, la géc truyén
nira cONg SUAt.

Trong trudng hop ¢6 phan xa, thoi gian tré
truyén dan tung ung c6 thé duoc tinh dya trén
van téc anh sang. Dap ung trén timg duong tha k
dugc tinh nhu sau [12]:

N
) (- _ 1\ picos” (g)cos(9)
h (t,S,R)—%E A

= (6)

rect(22)h® D t -2 {r,A, 13, R)AA
p; 1ahé sé phan xa. A 1a tac dong 1én bé mat, va
AA la ving phan xa.

Hinh 1 trinh bay mé hinh kénh truyén quang
vO tuyén trong nha [12].

Hinh 1. M6 hinh kénh truyén trong nha

Kénh truyén MIMO quang khong diy

Kénh truyén MIMO NxM duoc biéu diZn boi
ma tran MxN:

h,(t)  hy () Ko hy,(t)
h(t) hy(t) L hy,t)

H=l "M M O M )
@ hyy@® L hym()

Tiy timg moi truong, hy ;(t) ¢o thé 1a duong
truyén thang nhu phwong trinh (5) hoic trong
diéu kién c6 phan xa nhu phuong trinh (6).

bat P=[R(t),L ,RP(t),L ,P (t)]" 1a ma trén
tin hidu quang truyén. Vi H 1a mot ma tran xac

dinh nén ma tran tin hi¢u quang nhan dugc:
P'=HP.
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P(t) =R 1) ®h, (1) +P,(t) ®h,, (1) +L
+Py () ®hy 1 (1)
Py(t) = R(t) ®hy, (1) + Py (1) ® hy , (1) +L
+Py () ®hy (1) (8)
M
Pu (1) = R1) ® by (1) + P, (1) ®hy (1) +L
+Py ) ®hym (V)

Ta dugc dong ngd ra tai may thu nhu sau:
R=rP+n=rHP+n 9

V6i r 1a dap ng cua dau thu c6 don vi A/W.
R=[R,(t),L ,R;(t),L ,Ry ()] 1a ma tran dong
nhan dwoc, va n=[n (t),L ,n(),L ,ny, O] la
ma tran nhiéu.

M0 hinh kénh truyén MIMO quang vo tuyén
dugc trinh bay ¢ Hinh 2 [6].

d,

P(t)
d

ZP; (t)

PO () () P
P () () r

Hinh 2. M6 hinh kénh truyén MIMO quang v tuyén

RO (¢
d

P,(0)

Str dung thuat todn ép khéng (ZF) loai bo
anh huong giira cc antenna bang cach tao ra mot
ma tran trong s6 D dé c6 DH = I. Thuat toan
ZF c6 do phuc tap thdp va c6 thé thyuc hién bing
mot 1an nhan ma tran. Khi M>N, ma tran hé s6 D
cua bo ZF la:

D=H"HH")? (10)

Nhu vay, khi nhan D véi R, ta dugc tin hiéu
trén tirng anten phan biét;

U=DR=rl P+Dn (11)

V6iU =[U,,L U, L UyT" 12 vector nhan
dugc tir vector truydn U =[U,;,L ,U;,L Uy]"
va Iy lamatran don vi NxN.

Uéc lwong BER bing EVM

Phuong phap EVM dung dé uéc lugng BER,
dic biét la trong cac hé théng c6 BER thap. Cong
thirc toan hoc EVM dugc md ta nhu sau:

N K
> z)-R(k)
EVM = |+
2 Rk

k=1

(12)

véi Z la tin hiéu nhan dugc va R 1a ky vong cua
Z, va N 1a sb ky hiéu udc luong.

Trong diéu kién nhiéu AWGN, khi ta ldy
trung binh vai sé luong ky hiéu Ién, gia tri trung
binh gan dung voi gia tri Iy twong nén ta co duoc
su gan ding nhu sau:

1 1
EVM s ~[ i |/ =[ﬁ}z < SNR ~ —L

Es EVM? (13)

Nhu vay ta ta c6 thé udc lugng BER bing

EVM nhu sau:
3log, L 2
{\/[ 21 J[ EVM 25 log, M H (14)

Trong d6, L 1a sé bit cho mot ky hiéu
(M =2"). Ela nang luong trén mot symbol.
N, la cong suit nhidu. Q 1a ham b 16i Gaussian.
HE THONG MIMO-OFDM QUANG VO
TUYEN

M6 hinh hé théng MIMO-OFDM quang v
tuyén duoc trinh bay nhu Hinh 3. Khi qua kénh
truyén LOS, hé théng MIMO-OFDM quang Vo
tuyén va hé théng MIMO duoc phan tich tuong
tu nhau trong diéu kién kénh truyén biét truéc.

201-1)
R~ log, L
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Hinh 3. M6 hinh hé théng MIMO-OFDM quang vé tuyén

Ta xét tin higu quang truyén di P, (t) bao gém
su khong tuyén tinh cua LD. Do vay, tin hiéu
nhan duoc & dau thu:

N
Pi®) =) HjR®
- (15)
= > HyRL+U; () + agUR ()]
i1
Tin hiéu dién & dau thu sau khi thém nhiéu:

R; =rP;(t)+n;(t)

N
=Y HRM)+n; () (16)
i=1

N
=S Hy[1+U; (1) + U (1) +n; (1)]
i=1
v6i S=r.P,.

Tin hiéu & dau thu duoc tach bang thuat toan
ZF dugc biéu dién nhu sau:

M
Us (1) =R () + Y Dy n; (1)
j=1

. (17)

= S[L+U; (O) + U O]+ > Dyn; (1)
j=1

Tin hiéu trén mot kénh sau Matched Filter
bao gébm dong mong mudn nhan dugc D, (t), phi
tuyén Z;(t) va nhiéu:

M
U (t) =D, () +Z (1) +2Dijn 10) (18)
j=1

véi Dj(t) va Z;(t) dugce tinh nhu sau [6]:

Trang 9



Science & Technology Development, Vol 17, No.T1- 2014

D; (t) = S[mg+emp 2 (2K —1)].dy (t — 7, ) cos(axt + ¢4 ) (19)

K K

H

p=20=2,g#p k=2,k=q,p

D di(t-7)cos((20, - @)t - (24, —4)) +

(20)

dp(t—rp)dq(t—rq)dk(t—rk){cos((a)p @y~ o+ 4))+

cos (@, — @ + @ )t+ ) +c0s (@, + o, +a)k)t+¢1<))},(¢l —L =g =L =¢)

véi my 1a chi sb diéu ché quang.

Trong trudng hop chi ¢6 LOS, dau thu c6 thé
wdc lugng chinh xac pha va do tré cua tin hiéu tai
song mang con k=1, ta dat ggva 7; la 0 thi
SINR va BER trén ludng thir i c6 thé dugc xac
dinh nhu sau:

E[Df] = [motasm 22K —DPPS?  (21)

o1 gzmel (32 k —n(k -2\ [ 52
var[Z,]—zaSmo[(z) (K 1)<K 4)} S° (22)

Xét truong hop MIMO 2x2, dé tinh duoc
cong suat nhidu AWGN (bao gdom nhiéu nén va
nhiéu nhiét), ta viét lai cong thirc (18) dudi dang
nhu sau:

u=d+z+Dn (23)

Vi d 1a vector (2x1) dong nhan dugc, z 1a vector
(2x1) dong nhiéu, D 1a ma tran trong so ZF (2x2)

.~ _|Du Dp L R

va D= duoc tinh tir ma tran H
b1 Dy

duoc gia sir la ¢d dinh, n 1a vector (2x1) nhiéu va

M A
n= . Nhu vay:
n;

D, D D,,n
Dn={ 11 12}{”1}2{ 11
Dy DM Dy
P la tdng cong suat nhan duoc tir vector tin
hiéu u. Trong hé théng MIMO, P thuong duoc
tinh bang ham sau:
P =trace{Q, } (25)

Dion,
Dyon,

} (24)

voi Q, la ma tran hiép phuong sai ctia u va duoc
tinh nhu sau:

Q, =E{(u-E{uhu-E{uh"}  (26)

Cong suat P; ciia nhanh thtr i 1a vi tri th i
trén duong chéo cua ma tran Q, :
R =Q,(.i) @7)
Va nhu vay:
2

P =trace{Q,} = Z P (28)

i=1
Do cé4c thanh phan cua u déu c6 trung binh 0
nén E{u}=0 va ta viét lai nhu sau: Q, = E{uuH }
va:
Q, = E{(d +2+Dn)(d +z+ Dn)" } (29)
Vi d, z, n déu doc 1ap 13n nhau nén biéu thic

(29) duoc viét nhu sau:

Q= E{dd“}+E{dzH}+E{d(Dn)H}+
E{de}+E{zzH}+E{z(Dn)H}+ (30)
E{Dnd“}+ E{Dnz“}+ E{Dn(Dn)H}

Vi céc nhidu c6 tri trung binh bang 0 nén

Q, = E{dd“ }+ E{zzH }+ E{Dn(Dn)“} (31)
Trong d6: E{dd" | = E| D?

vavar[ Z; |= E{zzH } : dé tinh E!{Dn(Dn) }ta

4p dung céac tinh chit sau: S+W=5+W;

sw=Wws; A = constant thi A=A véi ki
hiéu A 12 lién hop phic cua A, nhu vay:
(Dm™* = (Dn)’

=[mDy; +n, D Dy +1, D]

=[mDy; +nyDy; Dy +1,Dy] (32)

— — | D D
:[n]_ n2]|: 11 21i|:nH DH
DlZ D22
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Dn(Dn)™ = Dnn* D"

Dy Dypfm|— —|Du Dy
= n n 33
|:D21 Dzz}{nj[ ' 2]|:D12 Dzj (33

:|:D11 D12} nn mn {Dn D21:|
D2 Dy jiny,n, nyn, [ D2 Do

E{nzn_l} E{nznz}
Do E{nla}:E{nZE}:o-Z;
E{nla}:E{nza}:O nén:
E{Dn(Dn)H}
{Dn D12}0-2|:1 OHDH D21}
D,; D, 0 1D, Dy (35)
:DGZB ﬂDH
= Dol D"
R =Q,.)=E[ D} [+vafzJ+o? D" (36)

M
L 2 2 .
voi ||D,|| :Zdij nén
i

Nhu vay:
E{Df}
SINR; = > > (37)

Khi sir dung QPSK, BER cua ludng thi i
duoc tinh nhu sau:

BER, = Zerfc((/SINR;)  (38)

Nhu vay, BER téng cong cua hé thng coi
nhu trung binh cua cac BER;:

N

BER=1>"BER  (39)

=)

Nhu vay, khi qua kénh truyén LOS thi chat
lwong cua hé thbng MIMO-OFDM khong khac
biét so v6i hé théng MIMO. Tuy nhién, khi qua
kénh truyén cé phan xa, hé théng MIMO-OFDM

c6 thé loai bo anh huéng cua can nhiéu lién ky
hiéu (ISI) bang tién té vong (CP). Do d6, viéc
wde lugng va can bang c6 thé duoc thuc hién dé
dang hon va chat lugng hé théng duoc cai thién.
KET QUA MO PHONG

Céc thdng s md phong hé théng MIMO-
OFDM 2x2 quang khong day duoc liét ké trong
Bang 1.
Bang 1. Théng s6 cua hé théng MIMO quang
khong day

Ki hi¢u Gi4 tri
P, 0,.W

Ts (w) 10

R 0,75A/W

Py 5,8, / (cm?.nm)
K 4

| s 0,562

d; 5m

Tobs 300°K

A 1,0cm?

9(y) 10

oA 30nm

Dy, 10, 15°, 20°

my 0,5

Re 10KQ

N=M 2

R, 100Mbps

Hé thong dung 64 song mang con, 4 pilot,
khoang bao vé duoc chon I6n hon thoi gian tré
ctia kénh. Trong trudng hop chi co duong truyén
thang, khoang bao vé s& duoc bo qua. Hinh 4 1a
mo hinh thiét 1ap md phong trong diéu kién chi
¢6 dudng truyen thang. Dau phat va dau thu cach

Trang 11



Science & Technology Development, Vol 17, No.T1- 2014

nhau 5m. Hinh 5 trinh bay thiét Iap mé phong hé
thdng MIMO-OFDM trong trudng hop ¢6 phan
Xa va goc t6i cua duong phan xa bang voi goc
nita cong suét (20°). Trong truong hop géc nita
cong suat 1a 10° hoac 15°, géc cua dudng phan xa
s& giam xudng twong ung.

Hinh 6 trinh bay két qua cua hé théng MIMO
- OFDM trong truong hop kénh truyén co duong
truyén thang. Két qua cho thiy khi ta ting d, thi
nhiéu cua tin hiéu gitta cac cap LD va
photodetector s& giam. Két qua nay phi hop Vi
phuong trinh (37). Khi d, lén, hé thong MIMO
2x2 tro thanh 2 hé théng Single Output Single
Input (SISO). Vi dy, d, =2m thi SINR = 20,
12, 6 dB lan luot tuong (g Vai cac goc truyén
nira cdng suat semiangle ®;,, =10°, 15°, 20°.
Tuy nhién, khi d, ting thi kich thuéc dau thu va
phét cling tang. Dé tim dugc gid tri d, phu hop,
ta str dung d6 thi BER va d, trong Hinh 7. Vi
du, BER yéu cau 1a 10 chling ta c6 thé tim thdy
gia trj d, nho nhat phd hop lan Iuot 1a 0.4m, 1m
va 1.9m tuong Gng voi cdc géc semiangle
®,,, =10°, 15%, 20°. Bang cach giam do Ion
goc @, , kich thuéc ctia dau phét cé thé nho lai.
Tuy nhién, diéu ndy c6 han ché la cac cap thu
phét quang doi hoi phai ¢6 d6 tap trung hudng téi
nhau cao hon. Két qua mé phong hé théng
MIMO-OFDM véi dudng truyén c6 phan xa &
cac goc nira cong suit khac nhau nhu Hinh 8.
Trong truong hop co duong phan xa, hé théng

MIMO-OFDM hiéu qua hon so véi hé thdng
qguang MIMO nh¢ kha nang loai bo da duong ¢
phia thu bang khoang bao vé. Bdng thoi viée wéc
luong va khic phuc cac hiéu ng cua kénh duoc
thuc hién dé dang & mién tan s nho vao pilot.

Tx

d1:5m

Rx

Hinh 4. M6 hinh md phong hé }héng MIMO-OFDM
v6i dudng truyen thang (LOS)

Tx

Rx

Hinh 5. M6 hinh mé phéng hé théng MIMO-OFDM
c6 phan xa

Trang 12
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Hinh 7. Két qua khao sat BER theo khoang cach antenna
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Hinh 8. Két qua ctia hé théng MIMO-OFDM trong trudng hop c6 phan xa
KET LUAN

Bai bao di d& xuat md hinh truyén thong
MIMO-OFDM quang vo tuyén cho mdi truong
truyén c6 phan xa trong nha. Cac phwong trinh
SINR va BER duoc kiém chiing bang cach mo
phong hé théng trén phan mém. Viéc khao sat
SINR va BER cho thiy h¢ théng MIMO-OFDM
quang v tuyén trong nha cho chét lugng tét hon

hé thbng MIMO-SCM khi truyén qua méi trudng
¢6 phan xa. Nhitng van dé vé danh gia va phéan
tich t6i wu cac thong sé trong thiét ké can duoc
nghién cau tiép theo.

LO1 CAM ON: Nghién citu nay dwec tai tro béi Pai hoc
Qudc gia Thanh phé Hé Chi Minh ( VNU-HCM) trong khudn
khé dé tai ma sé C2013-18-08.
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Indoor optical wireless MIMO-OFDM

system

e Dang Le Khoa

e VVu Thanh Tung

e Nguyen Thanh Tu

e Nguyen Huu Phuong
University of Science, VNU-HCM

ABSTRACT

Indoor optical wireless systems have
attracted attention, because they allow high-
speed transmission without electromagnetic
interference. Multi Input Multi Output (MIMO)
techniques are very promising in providing
high data rate or providing performance over
fading channels. Orthogonal frequency
division multiplexing (OFDM) can send
multiple high speed signals by using
orthogonal carrier frequencies. In this paper,
we propose an optical wireless MIMO-OFDM

Keywords: optical wireless, MIMO, OFDM
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