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TOM TAT

Hé théng quang vé tuyén trong nha duoc
quan tdm nho kha néng truyén di liéu téc do
cao ma khéng can nhiéu véi séng dién tu.
Ghép kénh phén chia tédn sb truc giao
(OFDM) ¢6 thé gui lubng di lidu & téc d6
cao bang cach dung nhiéu séng mang con
truc giao. Gan day nhiéu nghién ctu tap
trung vao viéc téi wu ky thuat OFDM cho hé
théng quang vé tuyén. Khi s&v dung OFDM,
mét trong nhitng véan dé quan trong la xéc

dinh khodng tién té6 vong va loai ra khdi

khung di liéu trrde khi tach séng & phia thu.

Trong bai béo nay, ching téi dé xuat mét ky
thuat tw déng bé méi cho tin hiéu MPAM don
cuc trong OFDM. Ky thuét nay cho phép loai
bé khoédng tién té vong & mot diém bét ky
trong khung ky hiéu khi truyén tin hiéu
MPAM don cuc. Ky thuat nay cé thé ing
dung pht hop cho hé théng badng réng st
dung 2-PAM hodc 4-PAM. Két qud phén tich
toan hoc va mé phéng cho thay ky thuat nay
c6 thé g dung cho hé thbng OFDM quang
vo tuyén.

Ttr khéa: quang vo tuyén, OFDM, tw déng bo, tién té vong

MO PAU

Gan dédy, nhiéu duong truyén quang khong
day dang dugc dau tu nghién ciru & céc phong thi
nghiém trén thé gioi va co thé dat t6i toc do vai
tram Gbps [1]. Puong truyén quang khong day
truyén thdng tin bang cach sir dung bo diéu ché
dién sang quang, thong thuong la Light-emitting
diode (LED) va photodiode chi phi thip ma
khong can sir dung cac ki thuat thiét ké mach cao
tan. Do dai tan s6 vo tuyén khong nam trong dai
tan s quang nén dwdng truyén quang khdng day
khong bi nhidu véi cac thiét bi s dung tan sb
khong day. Su phat xa quang trong ving hong
ngoai hozc viing khong nhin thay dé dang bi chan

lai boi sy chin sang. Do viy, nhiu giita nhitng
thiét bi ké nhau dwoc giam xubéng mot cach dé
dang va kinh té. Puong truyén quang ciing phu
hop cho nhiing thiét bi xach tay vi c6 rat nhiéu
mach thu phat quang nho vaéi gia tuong ddi thap.
Puong truyén quang khong day c6 mot vai
nhuoc diém. Tin hiéu quang bi suy giam va tan
sic do hién tugng truyén da duong. Puong
truyén quang khong day bi anh huéng bai nhiing
ngudn sang xung quanh hay nhidu nén [2]. Cong
Sut téi da ctia anh sang quang bi gigi han boi
nhimg quy dinh vé bao vé mét va da [3]. Pau thu
quang khong day yéu cau photodetector c6 ving
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nhay 16n dé thu nhan da cong suat va dat duoc
chat luong tin hiéu chip nhan duogc, thuong thi
Bit-error-rate (BER) 1a dudi 10°[2].

Trong méi truong c¢6 phan xa, khi téc do
truyén qué 16n, hé théng can s dung ky thuat
ghép kénh da song mang dé chia ludng dir liéu
thanh nhiéu ludng nho c6 toc do thip. OFDM la
k¥ thuat str dung hiéu qua bang théng bang céch
dung cac séng mang con truc giao. Mot ky hiéu
OFDM c6 thé chira rat nhiéu séng mang con
chdng 1an 1&n nhau vé mat phd tan, nho vay, bang
théng dugc tan dung hiéu qua. Cung véi do la
viéc thuc hién OFDM kha don gian voi thuat
toan IFFT cho ludng phét va thuat toan FFT &
ludng thu [4]. Ky thuat OFDM con hiéu qua
trong mang da truy cap va hé thong truyén vo
tuyén trén soi quang (RoF) [5]. Gan déy, nhiéu
nghién ciru tap trung vao cai thién chét lugng hé
thdng quang vo tuyén dung ky thuat OFDM [6].
Trong bai béo nay, ching toi dé xuét ky thuat ty
ddng bo tin hieu MPAM don cyc trong hé thong
OFDM va ung dung vao hé théng quang vo
tuyén. Phan con lai bai bao dugc trinh bay nhu
sau: phan 2 trinh bay nguyén ly ty dong bo tin
hiégu MPAM. Phan 3 trinh bay nguyén ly truyén
va nhan tin hiéu quang vo tuyén. Phan 4 trinh bay
hé thong quang vo tuyén ding OFDM. Phin 5
trinh bay két qua md phong, va cudi cung la két
luan.

TU PONG BOQ TIN HIEU MPAM TRONG
OFDM

Goi dir lieu can truyén c6 dang
X.(i=1..,N),Nla sé séng mang con,
re{l..,N}va r=const, s(t-7)la tin hiéu
dich vong 7 lan cua tin hiéu S(t).

Dau phét s& thyc hién bién d6i FFT dao cua
tin hiéu X dé tao tin hiéu trong mién thoi gian:

s(t) = ixie””i“ 1)

Sau khi thém cyclic prefix ¢ phia phat va loai
cyclic prefix ¢ phia thu ra khoi khung dix liéu. Do
nguyén ly cuaa cyclic prefix 1a 1y mot phan doan
dit liéu ¢ cudi dua 1én dau, nén viéc lay lai N miu
bat ky trong khung OFDM c6 thé xem la dich
vong tin hiéu trong mét khung OFDM. Gia sir
viéc lay nay bi léch ¢ ky hiéu so véi ban dau, s&
c0 tin hiéu sau khi loai cyclic prefix nhu sau:

N
s(t—7) =) X,e? 0 )
i=1

Sau khi thuc hién bién dbi FFT thuan, c6 dix
liéu thu nhu sau:

X ' (k) — i(i XiejZﬂif (t-7) jejbrlft (3)

Do tinh tryc giao cua cac ham song mang
nén phuong trinh trén tré thanh

. N X,
—_ 1
X (k) - Z ej2;rifr (4)
i=1
Xét mot song mang con tha i

X; = X, (cos(2rif ) — jsin(2zif 7)) (5)

Nguyén ly cua diéu ché MPAM la dua vao
bién d6 cua tin hiéu nhan duoc, dé cé thé khoi
phuc tin hiéu ban dau, tinh bién d6 cua tin hiéu
nhan duoc

|X{| = Xi\/(COS(Zﬂif 7)) +(sin(27if 7))° = X,

Nhu vay, dé hé théng tu dong bo tin hiéu
MPAM, can tinh bién d6 cua tin hiéu nhan duoc.
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NGUYEN LY HE THONG QUANG VO
TUYEN

Piéu ché cwong dd va tach séng truwc tiép

Nhiém vu chinh cua dau phéat quang la
chuyén ddi tin hiéu dién thanh tin hiéu quang va
phat tin hiéu ra kénh truyén. Laser Diode (LD)
thuong dugc str dung 1am ngudn phat quang. Doi
v6i LD didu ché tuyén tinh, tin hiéu dién mang
thong tin s(t) dwoc diéu ché thanh cong suat
guang theo cbng thuc:

P(t) = B[+ ms(t)] @)
v6i P la cong suat trung binh ciia dau phat va m
Ia chi s6 diéu ché quang.

Tai dau thu, goi X(t) 1a cong suét tuc thoi cua
ngudn phat quang. y(t) 1a dong tec thoi sau
photodetector, y(t) ti 1 thuan véi tong céng suat
thu duoc
y(t) = Rx(t) ®h(t) + n(t) (8)

voi R 1a dap Gng cua photodetector, ® 14 tich
chap, h(t) 1a dap (g cua kénh truyén quang, n(t)
1a nhiéu AWGN. Nhidu nay bao gém nhiu nén
va cac ngudn khac. Trong truong hop don séng
mang, nhidu nén co phuong sai nhu biéu thic sau

[7]:
o” = opg +oi )
Vi Oy = 201Pyg Ayg Al s Ry VA

4kBTabs
Re bt Ry

2 _
Oth =

voi q la dién tich electron, r 1a dap tng cua
photodetector, p,, la do buc xa cua ngudn nhiéu
dang husng, Ay, la dign tich vung detector, 54
1a bang théng b nhidu quang, 1, 1a hé s bang
théng nhiéu, R, 1a téc do bit, kyla hang sb
Boltzmann, T, 1a nhiét do tuyét déi, Ry la dign
tro hoi tiép cua bo tién khuéch dai. Khi sir dung
OFDM, mét khoang bang thong can dugc thém
vao cho khoang tién té vong.

D6i v6i moi trudong trong nha, khoang tién té
vong 1a khong déng ké so véi téng thdng tin co
ich nén phuong sai cta nhidu c6 thé duoc tinh
bang biéu thic (9).

Kénh truyén quang khong day

Hinh 1 trinh bay md hinh kénh truyén quang
vO tuyén trong nha [8]. Trong truong hop don
gian, md hinh kénh truyén quang khong day
trong nha 1a duong truyén thang va c6 dap tng
khé phang. Dap tung kénh truyén co thé dugc tinh
nhu sau [8]:

h) (t;S,R) ~ &L cos” (g)durect (5 )5(t-R/c)  (10)

voi S la dau phat; R 1a dau thu; @1a géc cua
dau thu; FOV la vung nhin thay (field of view);
dQ2 1 goc doi dién voi dau thu; n 12 s6 mode cua
bip bac xa va tinh bang cong thuac:
n=—(In2/In(cosdy,)); va @y, Ia goc truyén
nira cOng Suat.

Trong trudng hop ¢6 phan xa, thoi gian tré
truyén dan twong ng cé thé duoc tinh dya trén
van tdc anh sang. Pap tng cua cac dudng phan
xa gom téng hop K duong di khac nhau cé clng
diém truyén va diém nhan [8]:

K
h™ (18, R) = 52" A= 19250 rect (22)hD (t— 2 {r, A, 1, R)AA
i=1

T

(11)
p;1a hé s6 phan xa. Ala tac dong Ién bé mat, va
AA 14 vung phan xa.

Déu phat

Déu thu

Hinh 1. M6 hinh kénh truyén trong nha
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HE THONG OFDM QUANG VO TUYEN

M6 hinh h¢ théng OFDM quang vo tuyén
dugc trinh bay nhu Hinh 2. Chudi bit can truyén
s¢ dugc anh xa chom sao c6 dang X, (i =1...,N),
N 1a s séng mang con. Tin hiéu nay s& bién doi

X
-

Il

u() s

-

IFFT
&CP

Information bits |

| Symbol Mapper E

IFFT thanh tin hi¢u mién thoi gian va thém cyclic
prefix. Tin hiéu tir mién dién U(t) duoc chuyén
sang mién quang S(t) bing LD.

:
By

I
| Symbol DemapperT’

Remove
CP &

FFT

Zero Forcing

| Information bits |

Hinh 2. M6 hinh hé théng OFDM quang vé tuyén

Do vy, tin hiéu nhan duoc & dau thu sau khi
qua kénh truyén:

s (t) =h(t) ®s(t)

. 2
- (h'°s (t) + hoif (t))®s(t) 12)

Tin hiéu dién ¢ dau thu sau khi thém nhiéu:
r(t)=Rs (t)+n(t)

: 3
- r.(h'°s (t) + hf (t))®s(t)+n(t) 13)

Dit liéu sau khi bo cyclic prefix va bién dbi
FFT

X'(f)=RH(F)S(f)+N(f) (14)

Gia str, ¢ dau thu wdc lugng dugc chinh xéac
kénh truyén, tin hiéu & dau thu dwoc tach bang
thuat toan ZF duoc biéu dién nhu sau:

X =S(f) LGN (15)
RH(f)

Trong truong hop khong c6 chuyén dong
tuong dbi gitta dau phat va dau thu, khong cé su
chuyén dong trong khong gian truyén song, kénh
truyén quang vo tuyén c6 thé xem la kénh truyén
bat bién thoi gian. Vai toc do truyén khoang 100
Mbps, c6 thé xem la kénh truyén phang.

Trong trudng hop don gian, kénh truyén chi
c6 duong truyén thang. Khi d6, nhidu tic dong
I&n hé théng c6 phan bé nhu nhidu AWGN. Ti Ié
13i bit cia hé théng MPAM c6 thé duoc tinh nhu
sau:

B (M) = 2(M —1) Q( [6log ,M Ej 16)

Mlog,M ~(\ M2-1 N,

Trong trudng hop tong quat, kénh truyén
trong nha gom dudng truyén thing va cac duong
phan xa tai cac buc twong. C6 thé 4p dung mod
hinh kénh truyén Rician cho kénh truyén phing
bién d6i cham dé phan tich chét lugng hé thong.
Phuong trinh BER c6 thé duoc xac dinh nhu sau

[9]:

72 ) —
a2 _Wrsnte o, Kon
7 5 +K)sin® g+ gy, @+ K)sin® g+ gy,

(17)
Vi :M, K 1a hé sd Rician,

M log, M

3log ,M ., _ : .

:%va 7,1a ti sO nang lugng bit trén

ning luong nhidu trung binh.
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KET QUA MO PHONG
Céc thong sé md phong hé thong OFDM
quang khong day duoc liét ké trong Bang 1.

Bang 1. Théng sb cua hé thong MIMO quang

khong day

Ki hi¢u Gia tri
P, 0,]W
To () 10
R 0,75A/W
Py 5,8, / (cm?.nm)
|t 0,562
Tobe 300°K
A 1,0cm?
9(v) 10
oA 30nm
m, 0,5
Re 10KQ
N 64
R, 100Mbps

Hé thdng dung 64 séng mang con, 4 pilot,
khoang bao vé la 4. Trong truong hop chi ¢6
duong truyén thang, khoang bao vé s& duoc bo
qua. Hinh 3 1a md hinh thiét lap md phong trong
diéu kién chi c6 dwong truyén thing. Dau phat
dat & trin nha va gitra phong, dau thu dit gitra
phong va tai mat dat. Hinh 4 trinh bay thiét 1ap
mo phong hé théng OFDM trong trudng hop c6
phan xa tir cac buc tuong xung quanh. O day, ti
1& 161 bit co dwgc bang cach Iy trung binh khi dat
dau thu & céc vi tri khac nhau tir gitta phong dén
goc phong.

Gia sir h¢ thong dat trong phong cé kich
thudc 5mx5mx3m. Di va6i hé thdng ty ddng b,
dau thu ldy mau b léch 1 miu so véi dir licu
truyén. Hinh 5 trinh bay két qua cua hé thong
OFDM trong truong hop kénh truyén c6 duong
truyén thing. Két qua cho thay hé thong tu dong
bo tin hiéu c6 ti 1é 13i bit gidng nhu hé théng da
dugc dong bo. Két qua nay phi hop véi phuong
trinh 18i ¢ trén. Ti l& 15i bit trong trudng hop co

phan xa dugc trinh bay ¢ Hinh 6. Trong truong
hop c6 phan xa tir bén bic twong, hé thong
OFDM ty dong bo ciing cho chat lugng twong tu
nhu hé thong da dong bo.

Tx

Rx
Hinh 3. M6 hinh m6 phong hé thong OFDM véi
duong truyén thang (LOS)
Tx
_______ Phan xa
§§§§ 1
\
\
R Y
\
\
|
Rx

Hinh 4. M5 hinh m6 phéng hé théng OFDM c¢6 phan xa

EbNo (dB)

Hinh 5. Ti 18 13i bit clia hé théng trong trudng hop chi
c6 duong truyén thang
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: v
—o—2PAM
—+— AS2PAM
4PAM
——AS-4PAM [

BER

o 2‘ 1‘1 é é W‘D 1i2 1‘4 1;3 W‘E 20
EbMa (dB)

Hinh 6. Két qua cua hé théng OFDM trong truong hop

c6 phan xa

KET LUAN

Bai bao da dé xuat ky thuat tu dong bo tin
hiéu MPAM don cyc trong hé théng quang vo
tuyén sir dung OFDM. Két qua phan tich cho
thay hé thong c6 thé hoan toan dong bo va khdng
can phai xac dinh chinh xéac khoang cyclic prefix.
K§ thuat nay c6 thé sir dung cho 2-PAM hoic 4-
PAM. Céac phuong trinh BER dugc kiém chimng
bang cach md phong hé thong trén phin mém.
Nhirng van dé vé danh gia va phan tich toi uu cac
thdng sé trong thiét ké can dwgc nghién ctu tiép
theo.

An auto synchronization technigue of
unipolar MPAM signals in OFDM and
Its application for optical wireless
communication systems

e Dang Le Khoa
e Nguyen Huu Phuong
University of Science, VNU-HCM
e Hiroshi Ochi
Kyushu Institute of Technology, Japan

ABSTRACT

Optical wireless systems have attracted
attention, because they allow high-speed
transmission without electromagnetic
interference. Orthogonal frequency division
multiplexing (OFDM) can send multiple high
speed signals by using orthogonal carrier
frequencies. Recently, studies have been
focused on the optimal OFDM technique for
optical wireless systems. When using
OFDM, one important issue is determining
the cyclic prefix and removing it from the

frame before the receiver detects signals. In
this paper, we propose a new auto
synchronization technique of unipolar MPAM
signals. It can remove the cyclic prefix in any
sample of the OFDM frame using unipolar
MPAM. It is a candidate for wideband
systems and using 2-PAM or 4-PAM. The
results of mathematical analysis and
simulations show that it can be used for
optical wireless systems.

Keywords: auto synchronization, OFDM, optical wireless
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