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TOM TAT

Ky thuadt thém dién thé nén DC cho tin hiéu
OFDM dwoc goi la DCO-OFDM duoc sir dung
phé bién trong hé thong truyén thong khéong day
quang. Trong bai bdo nay, ching téi lan dau tién
trinh bay phwong phdp xdc dinh ti 1é 16i bit
(BER) cho hé thong DCO-OFDM qua kénh

Tir khéa: DCO-OFDM, khong day quang, # 1¢é [6i bit,

MO PAU

Truyén théng khong day quang la mot tng
vién tiém ning cho mang truyén théng khong day
thé hé tha 5 (5G) [1]. Hién nay, nhiéu hé thong
khong day quang dang duoc dau tu nghién ciu
va c6 thé dat t6i tbc do vai tram Mb/s [2]. Pudng
truyén khong day quang bi suy hao va phan xa
khuéch tan (diffuse reflection) tuong ty nhu hién
tuong truyén da duong trong truyén song dién ti.
Khi d6, ky thuat OFDM duoc st dung dé gui
ludng dir liéu & téc d6 cao. Do tin hiéu dat vao
cac LED phai thyc va khdng am, nén ky thuat
OFDM can phai c¢6 nhiing cai tién. Nhiéu ky
thuat dugc dé& xuat nhu cong thém dién thé nén
mot chiéu (DCO-OFDM), xén ddi xung (ACO-
OFDM), phan cyc vong (CPO-OFDM), va sip
xép cac dir lieu dé tao tin hiéu don cuc (U-
OFDM) [3, 4]. Trong do, hai ky thuat duoc quan
tam 1a DCO-OFDM do cau trac don gian va
ACO-OFDM do hiéu suit sir dung cong suét cao.
Céc nghién ctru truéc day di quan tam dén chat
luong, toc do, dai dong, va dang tin hiéu cua hé

truyén phan xa khuéch tan bang phirong phép sé.
Phuwong trinh xdc dinh ti 1¢ 16i bit dwa trén phédn
tich ham madt dd xdc xudt cia véi gidi dinh kénh
truyén c6 phdan phé Rician. Mé hinh mé phong
duwge dé xuat, va két qua mé phong cho thdy phii
hop véi phan tich 1y thuyét.

phan xa khuéch tin

thong OFDM khong day quang [5-7]. Phan lon
nghién ctu nay tap trung vao kénh truyén
AWGN. Tuy nhién, kénh truyén khong day
quang trong thuc té s& bi anh huéng caa phan xa
khuéch tan [8-11]. Hién nay, c6 nhiéu dé xuat
khac nhau cho mé hinh kénh truyén quang khong
day. DPdi véi méi truong truyén trong nha, phan
b Rician ¢ thé duoc st dung dé mo hinh kénh
khong day quang [12]. Bai bao nay tip trung xay
dung cac phuong trinh x4c dinh ti & 13i bit bang
phuong phap sé cho hé théng DCO-OFDM qua
kénh truyén phan xa khuéch tan.
MO HINH HE THONG

Goi D(i) la cac bit dir liéu du vao, cac bit
nay s€ anh xa chom sao thanh ky hiéu X (k).
Céac ky hiéu phuc dugc tao ra tir chom sao M-
PAM, BPSK, QPSK hoic M-QAM s& dugc ghép
thanh mot cau tric nhat dinh X . Do tin hiéu
mién thoi gian dwoc sir dung dé diéu chinh cudng
d6 cta LED nén céc tin hiéu nay phai thuc va
dwong trude khi diéu chinh cuong do LED [13].
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C6 nhiéu phuong phap dé tao tin hiéu thuc va
khong am. Phuong phap thém DC kha pho bién.
Tét ca song mang déu dugc diéu bién trir tan sé
bang khéng, tan sé nay s& 1a dién thé nén DC. Tin
hiéu nay sé bi xén phan am dé tro thanh dang don
cuc va thyc hién diéu bién cuong do dé tao thanh
séng quang [14]. Vi tin hiéu OFDM c6 ti sb
PAPR cao nén yéu cau dién thé DC y,4, da lén.
Trong thuc té, tin hiéu nay dugc xén bot dé giam
dién thé DC. Cong suit tin hiéu & mién quang
Ropty Phu thudc vao cong suat nén R, . boi
phuong trinh:

Ps(opt) = Pl'x,bias = 750 1)

Tin hiéu sau khi ghép theo mét ciu tric
DCO-OFDM dugc thuc hién bién déi Fourier roi
rac nguoc (IFFT) dé tao thanh tin hiéu & mién
thoi gian. Sau dé, khoang tién t6 vong dwoc thém
vao dé dam bao tin hiéu khéng bi can nhiéu lién
ky hiéu (1S1). Khi chuyén tir ludng cuc sang don
cuc & hé thbng DCO-OFDM la thém mot dién thé
DC truée khi xén cac phan &m cua tin hiéu. Dé
dam bao tin hiéu vao nam trong dai hoat dong
cua LED (light-emitting diode), céc tin hiéu nay
dugc xén boi mot ngudng xac dinh. Anh huong
cia xén dén dau thu bang cach gia st tin hiéu

si"(n) dugc chuyén thanh ludng cuc s (n). Lic
nay, tin hiéu phat dugc biéu dién boi phuong
trinh [6]:

s (n)=as® (t)+d,(t), )

Vi @ =R (0)/ Ry (0), Ry 1& ham
twong quan chéo cua tin higu SE " va s, Rewr
la ham tu twong quan cua tin hieu s® véi do
dich thoi gian 14 0, d,(t) 1a thanh phan méo dang
do xén. Pong thoi do ham chuyén cua LED la
khong tuyén tinh véi tin hiéu vao, nén bo tién
méo dang dugc sir dung dé dam bao su tuyén tin
cuaa tin hiéu ra s(t) so voi tin hiéu hiéu vao
s."(n) [15]. Tin hiéu ra voi anh huong cua xen
duoc dién bgi phuong trinh [6]:

S<t) = Sgn (t) + 7D‘rx,bias ' (3)

VGi Pry pias 12 €ONG sUAt nén cua LED. Dit ligu s6
dugc qua bo chuyén doi sé sang tuong tu (DAC)
dé tao thanh tin hiéu twong ty va diéu khién
cuong d séng cua LED. Cac DAC duoc thiét lap
sao cho dau ra phu hop véi pham vi hoat dong
cia LED. Hé¢ théng OFDM khong day quang
duoc mo ta nhu Hinh 1.
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Hinh 1. M hinh hé thing OFDM khéng day quang

Tai dau thu, r'"(t) l1a dong tac thoi sau
photodetector va ti & thuan véi tong cong suit
thu duoc:

r" (t) = Reps(t) *h(t) +n(t), 4)

voi Rpp 1a dap (ng cua photodetector, * I3 tich
chap, h(t) 1a dap tng cua kénh truyén quang,
n(t) 1a nhidu nhiét va nhiéu tir cac ngudn khéc
dugc gia dinh 1a nhiéu AWGN. h(t) c6 thé mo
hinh boi phan bé dang Rician gom dwong truyén
thang va duong phan xa khuéch tan [12, 16]. Tin
hieu r'"(t) dwoc ldy miu dé chuyén sang sé
r'"(n) . Sau do, tin hiéu nay dugc chuyén thanh
tin hiéu ludng cuc va loai tién t6 vong. Dir liéu
sau khi bién d6i FFT dugc cho boi:

X () =RepH(F)S()+N(f), 5)

v6i H(f), S(f), N(f) 1a bién ddi Fourier cua
h(t), s(t) va n(t). Gia su, & dau thu uéc lugng
chinh ‘xéc kénh truyén, tin hiéu & dau thu duoc
tach bang thudt toan ép khong (ZF) nhu phuong
trinh:

X =S(f)+(RepH(f)) " N(f). (6)

Cac ky hieu mang thong tin X (k) c6 duoc
bang cach chon céc vi tri mang théng tin theo ciu
trac DCO-OFDM.

Ti LE LOI BIT CUA HE THONG DCO-
OFDM

Do gigi han cdng suit LED phat ciing nhu dé
bao vé mat, c4c tin hiéu DCO-OFDM trong hé
thong khdng day quang bi xén bai mot ham dugc
mo ta boi:

DCO DCO
g X< Api~ <0
_ DCO DCO
Pbco (X) =3 % Aot~ SXSAgy ()
DCO DCO
op X > Aop

voi Ab%(fo 14 ngudng xén dudi cia tin hiéu, X 1a
tin hiéu OFDM tirc thoi, va ASe* la ngudng xén
trén cua tin hiéu. Ham phan bd cta tin hiéu DCO-
OFDM ciing giong nhu tin hiéu thong thuong va
tudn theo phan bo Gaussian dugc dién ta boi
phuong trinh:

XZ

1™ ®)

foco (X) = ——— ,
DCO() W
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voi PSDCO 1a cong suit trung binh ciia tin hidu

DCO-OFDM va duogc xac dinh boi:

(N-2)
N

Dinh Iy Bussgang [17] dugc sur dung. dé phan tinh
cho hé thdng DCO-OFDM gdm hé s tuong quan

@pco » cOng sut sau khi xén tin higu PCDCO , Va

A A . DCO
cong suat méo dang D;
la:

. Gia tri a lic nay sé€

XZ

1 5 pDCO
e % dx.

1 o0
=——— | X X)———onr
a PSDCO:[O pDCO( ) !_27r73;DCO

Tich phan trén cé thé dugc tach thanh ba tich
phan;

(10)

DCo 2 DCO X2

ot P — op P —
pco 1 2700 , 1 2700
I XPot $DC0 e X+ | X" —pg© dx
1 | = : e B

a=

2
;2 P DCO w 1
DCO “2pPo
- [ a5 opee

DCO
Aop

11)

Su dung phuong phap tich phan timg phan va doi
bién sd, gia tri & dugc xac dinh boi:

= _erfc(7b0t) erfC(ymp) (12)

VOl Voot = Ppor /\jzf}DsDCO va
Yiop = Atop /\IZPSDCO .

Cong suat tin hiéu sau khi xén duoc tinh bai
phuong trinh (19).

2
RO =VAR(SE" (M) = (s¢"(0)?) —(s"(m)",  (13)
o x° 0 x° 2
2 1 Pee) 1 ~ B0
PPCO - HpDCO (x)‘ — 2R dx — J.pDCO (X)—Dco e 2R dx (14)
—o0 \? 27Z'IPS 27[735
Str dung cac phuong phap tinh tich phan timg phan va dbi bién sd, PCDCO duogc xac dinh
_,2
RO — pqerfo(- )+ L2267 - L2 7). erfo(yy, ) - ey
N s 2
1 (15)
2 —y2
+ 7toperfc(7top) 7boterfc( Ybot) +— [e( 7o) _ g 7i) :l + 71op€rfC (Yot )-
Cong suat méo dang do xén trong hé théng DCO-OFDM a:
DCDCO — 7D(;DCO _a27DSDCO — GDCOr])SDCO’ (16)
véi GPC duoc xac dinh:
2
GO = yyerte(~p)+ L2270 -2 &7) 4 2 erfo(y )~ erfe(yiy)
Jz 7 2 17

1 2 2
+7toperfc(7top) 7’boterfc( Ybot) T ”[e( 7o) _ gl ywp)}+7’toperfc(7bot)_a2-
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Chéat luong cua hé thong phu thudc vao ti sb
cdng suét tin hiéu trén cong suit nhidu do méo
dang va cong suat nhidu AWGN nhu sau [6]:

6I‘ZIPS(eIec) /GB
DCDCO+ GB;\/ '
Reph“Gpc

(18)

SNDRpco =

Vi Relecy 1a cOng sudt dién, Gy 1a do loi vé
bang thong, Gpe 1a suy hao cong suat ¢6 ich do
thém dién thé nén PRy, i, - Trong h¢ thong DCO-
OFDM, h¢ s6 Gpc dugc xéac dinh boi:

7Ds(elec)

Gpc = :
2
Ps(elec) Ve

(19)

Khi d6, néu gia st kénh truyén chi c6 duong
LOS, nhiéu cua hé thong chi 1a AWGN. Luc nay,
kénh truyén h 1a hang s va cé thé gia dinh
Reph?=1. Ti ¢ 13i bit cia h¢ théng dwoc xac
dinh qua ti s tin hiéu trén nhiu va méo dang
SNDR do xén duoc xac dinh bai:

(ZZP DCO (20)
S

- GDCOHDCO + GBN .

DC

Néu goi 77 lati s6 tin hiéu trén nhiu va méo
SNDR tirc thoi sau khi qua kénh truyén c6 dép
tmg h(t) vanhiéu cong, 7 s& c6 dang:

_ PP . _ a?p, o)
b DDCO+GBN " D,Peo Gg NV e
c~c T nen

Gpe © poco g OO
(21)

o 2 0y A Ao o Nt a1
voi P, = |h(t)| la cong suat tirc thoi cua tin hiéu.
Ti s tin hiéu trén nhiu cua hé thong dugc xac
dinh:

SDCO Es Eb
B B jog, (M) B 22
N N, 92(M) N, (22)

voi M 1a s6 mitc diéu bién, va E, / Ny 1a ti s6
nang lugng bit trén nang luong nhiéu cua kénh
truyén AWGN khi chua xén. 7 dugc viét lai nhu
sau:
2
ap
p.G pco . ©sNo
GpcEs

Ti 18 13i bit cia hé théng phu thudc vao ham mat
dd xéac sudt cua tin hiéu bi xén qua kénh truyén.
Ham nay c6 thé dugce tinh bang cach sir dung bd
dé dugc dé xuit boi [18]. Trude hét, bién thanh
p. mot ham cia g(7) :

_ n
GpcEs (a? —GPOp)
GgNo

Pe =4 Pt (7). (24)

Do p, la cong suét tic thoi ( p, > 0) nén didu
kién ctia 7 12 0<77<a® 1GPC . Ham mat do
xac suét cia y dugc cho boi:

dg . (17) 2
fn(n)=fpc[gpc(n)}[ d"ﬂ } 0<77§G?;T'

(25)

voi fy 1a ham mat do xac xudt cia p,. Trong
h¢ thong truyén thong khong day quang, p, €6

thé dugc mo hinh theo phan bd Rician nén fo

cho boi phuong trinh:
(K1) | S K(K+1)
i
fpc(pc): ,Pr € IO{Z Pc T
(26)

voi K 1a ti s6 cua duong LOS véi cac dudong
NLOS, |, 1a ham Bessel bac 0 loai 1, va P, la
cong suit trung binh cua kénh truyén. Ham mat
d0 xac sudt cua 7] khi qua kénh truyén Rician:
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i (K+1)n K
B az (K +1) B GGDBc,\is (az—GDCOn)
fn(ﬂ)— GpcEs [ 2 ~bco 2° o 2
% g, (1 76%) \»

. o
vo1 0<p <

thire [19]:

BER = [BERuwen (7) T, (7)dn.
0

Ti 18 13i bit cta hé théng DCO-OFDM duogc xac dinh bang cach thay f, () vao phuong trinh trén.

(K+1)p
2 h p CBocks (2 goco K
a“(K+1) e "GN (a - 77)

0

aZ

G
BER = j BER

) AWGN (’7) » GpcEs (az —GDCOU)Z
GBNO

I 7K (K +1)

xlg| 2 G E
\],Pr GDCN S (az—GDCOT])
B'Y0

dn.

Thyc hién thay ham Bessel cai tién, phuong trinh trén dugc viét lai nhu sau:

B (K+1)n >
GocEs
Otz(K +1) . RAGDECNO ((ZZ,GDco”)

BER =
peo P GpcEs (az —GDCOn)Z

BERAwenN (77)

O‘—.O‘Q.\.

r
B'N0

7K(K+1)

—————————cosu

. GpcE

R GDCN s (a?-GPy)
B0

2
T
xi Ie dudz.
-

5560 Ti 1¢ 13i bit qua kénh truyén c6 ham mit d¢ xdc suat f, () duoc tinh bing cong

(28)

(29)

(30)

Dé xac dinh ti 1¢ 13 bit bang phuong phap  I6p. Diéu ndy c6 thé thuc hién dé dang bang su
sd, ti 1¢ 15i bit qua kénh truyén AWGN dugc thay  hd trg ctia cac phan mém hién nay [20]. Thi du, ti
bing phép tinh tich phan. Khi do, ti 1& 13i bit 1 15i bit tin hiéu QPSK (M = 4) dugc xac dinh

dugc xac dinh théng qua phép tinh tich phan 3 boi phuong trinh:
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1 aboo (K +1)
%2 2z P 2GpcEy (a|23co _GDCOU)Z
BERSco. = I j f dtdud. (31)
0 -7 n 2 (K+1)n | nK(K+1)
Py - t°+ +K [+2 cosu
2 2GocE, 2GocE,
L e ko) R o

KET QUA MO PHONG

Hé thong st dung 1024 séng mang con,
trong d6 sb séng mang chtra théng tin 1a 511,
khoang bao vé 1a 2. Hinh 2 1a BER cua hé thong
DCO-OFDM qua kénh truyén AWGN véi céc hé
s6 xén khac nhau. Truong hop 1y twong, hé thong
CO Cac hg s Xén 13 o =—00 VA ~) = oo
Trudng hop thir nhat (case 1), thir hai (case 2), va
thir ba (case 3) hé thong c6 cac hé sé xén tuong
g a4y =-102 va 4 =82,
Yoot =—1 35 va Yiop = 4,73 Yoot = —2,25 va
Yiop = 2,25 Trong do, truong hop thir 3 dugc
xem la truong hgp ly tudng trong thuc nghiém.
Két qua mod phong tuwong thich tét véi cac
phuong trinh xac dinh BER tai cac hé sb xén
khac nhau. Két qua cho thay hé thong cua truong
hop 1y tuong cho két qua tét nhat. Tuy vay,
truong hop thir ba 1a tdi wu do c6 y nghia thyc
nghiém va BER thap hon so véi cac truong hop
con lai. Trong trudng hop chon duoc hé s6 xén
t6i wu, anh huéng cia xén tin higu 1a khong dang
ké. Viéc chon cac hé sé xén khéac nhau anh huong
nghiém trong dén chat luwong hé théng. Vi du
E, /N, =15dB, truong hop tha 3 c6 BER la
3x10~*, trong khi truong hop thu hai va tha
nhét c6 ti 16 15i bit twong tng 14 2x1073, va
7x10 2. Khi tang E, / N, thi chat lugng cang
c6 su khac biét dang ké gitra cac hé s6 xén khéc
nhau do anh huéng cua nhidu xén khong déi,
trong khi nhiu do cic anh huéng khéac giam.
Chat lugng cua hé théng kém hon so véi kénh
truyén AWGN ¢ Hinh 2. Biéu nay cho thay hién
tuong phan xa khéch tan 1am giam chét luong hé
thong. Hinh 3 khao sét ti I¢ 15i bit cua hé thong
DCO-OFDM tai cac truong hgp K khéac nhau

khi st dung hé sé xén ly tuong. Két qua mod
phong phu hop hoan toan véi cac hé s6 K khéac
nhau. Khi dau thu di chuyén xa dau phéat hé sb
K s& giam nhanh chéng va lam giam chat luong
hé thong. Tai E, /N, =20 dB, ti I& I3i bit tai vi
tri K=1s&1a 1072 vakhi K =10 1a10°*.

Bit Error Rate

0 5 1‘0 1‘5 ) 20 2‘5

Eb/No (dB)

Hinh 2. BER ciia h¢ thong DCO-OFDM qua kénh
truyén AWGN

Bit Error Rate

A i
20 25

P i
0 5 10

15
Eb/No (dB)

Hinh 3. BER ciia h¢ théng DCO-OFDM qua kénh
truyén phan xa khuéch tan.
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KET LUAN

Bai bao nay da xay dung cong thirc xac dinh
ti 1¢ 18i bit cua tin hicu DCO-OFDM qua kénh
phan xa khuéch tan. Két qua méd phong pha hop
hoan toan véi cac cong thic tai cac hé sé cit va
hé s6 K . Céac cong thic nay gitp xac dinh chét
lugng cua hé thdng DCO-OFDM. Ti 1¢ 15i bit s&
tang dang ké khi chon hé sb cat khéng chinh xéac
hodc khi di chuyén dau thu phat ra xa. Phuong
trinh xac dinh BER duoc xay dung dya trén ham
mat do6 phd cong suat cua tin hiéu bi xén qua

kénh truyén fading. Cong thtrc xac dinh ti 1& 15i
bit can tinh tich phan 3 16p nhung ching c6 thé
duoc thyc hién dé dang véi du hd tro cua cac
phan mém hién nay. Hién nay, chung toi dang
mé rong viéc phan tich ti & 16 bit cho cac hé
thong MIMO-OFDM

Loi cam on: Nghién ciru ndy duoc tai tro' boi
Bai hoc Quoc gia Thanh pho Ho6 Chi Minh
(VNU-HCM) trong khuén khé dé tai ma so
C2014-18-05.

Bit error rate of DCO-OFDM system over

an indoor diffuse link
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ABSTRACT

The technique named DC biased orthogonal
frequency division multiplexing (DCO-OFDM) is
the most popular method in optical wireless
communication system. In this article, we
describe for the first time an exact numerical

computation for the bit error rate (BER) of DCO-
OFDM over an indoor diffuse link. The
simulation model is also provided, and
simulation results showed a good agreement with
theoretical analysis.

Keywords: DCO-OFDM, optical wireless, bit error rate, diffuse link
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