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W OE. AL T ERH 45 E A (Orthogonal frequency division multiplexing, OFDM) # #T J % i& 13 ( Visi-
ble light communication, VLC) & %4 ¥ , X % =M & (Light emitting diode, LED) &9 3F & M 4% 1 % % v& £
GER—AEEEZ, AT R LED 4k &% 69 e, 35 08 Z 48 4 B & 42 4% (Amplitude-phase shift
keying, APSK)## 5 OFDM H K A48 £ Aéﬁﬁ—iﬂn FRIINTRRGEAE R T . AT APSK A #]
#REASLAEAT OFDM A& T Rt dEME AP ey A, 22 T & T APSK-OFDM i #] 49 T L &
BREARAER,FE5ER é‘)%ﬁ"iiﬁ'&}@‘ 4] (Quadrature amplitude modulation, QAM) # OFDM 2% %
HRHEATT A, AL REAN. £ OFDM & % b, 4o R 3 T 2 A6, QAM 8 4] 49 1 4t & 1k APSK
W G A2 S B LED #9 JF o A M At B H ey Ak 2 AL T AT .

KW TRABAS; W@ E- a4l EXRERMN; EXM 4 EA

HESEKS. TNOILT XHRAR SRS A

Performance Analysis of APSK Modulation in Visible Light Communication System
Based on OFDM

Zeng Fulai, Liu Luokun, Zhu Yijun, Yang Jinjin
(Institute of Information System Engineering, PLA Information Engineering University, Zhengzhou, 450002, China)

Abstract: The nonlinear characteristics of light emitting diode (LED) is an important factor in visible
light communication (VLC) system based on the orthogonal frequency division multiplexing (OFDM).
To decrease the effect of LED nonlinear characteristics, a transmission system based on amplitude-phase
shift keying (APSK) modulation combined with OFDM technology is introduced in the VLC system. The
schemes and the applications of APSK in VLC system based on OFDM are also introduced. The VLC
system model based on APSK-OFDM modulation is compared with the system based on quadrature am-
plitude modulation (QAM). The simulation result shows that in OFDM system, the performance of
QAM system is better than that of APSK system in the ideal channel, but the result is reversed when
considering the nonlinear characteristics of LED.

Key words: visible light communication (VLC); amplitude-phase shift keying (APSK) ; quadrature am-
plitude modulation (QAM) ; orthogonal frequency division multiplexing (OFDM)

BEE&TH:ERARB IS 61271253 BT B3 H 5 B K 8RBT & iR (/78 =718 (2013AA013603) BB T H .
s HH9:2013-07-12; & 1T H#§:2013-10-08



¥iak % . APSK A% £ £ F OFDM T WL ki@ 4% & % ¥ 69 M4k - 4 647

51

il

u] %38 {2 (Visible light communication, VLO) /& 7E & 6 4 (Light emitting diode, LED) $f A&
il E A SRR PDOCEGHA . ERAL MR REEE IO 9 R A A AR 2 BT Ok
BRI OCTE . HJE AT WG AR 115 18 A 248 165 0 R A0 2 AR R0 23 18 A 8] 1450 DT B 1 7 ey
HARPE ™ . BT IE sS4y & H (Orthogonal frequency division multiplexing, OFDM) $; A B 4 1R 14
Mt 2 2 TP AR 01 . i EL T LSS BLEUHE 9 = A L Bk OFDM R 7E VLC A3 8] 7 T3z i s

1 VLC 1,2k i OFDM {3 A4 AR 2 F . OFDM 15 5 1% 1 /9 28 fk ok % LED Y6 U8k 47 58 5 9 1) .
H 7l % % H 1E 28 ¥R G (Quadrature amplitude modulation, QAM) J## 5 OFDM 45 & miE & =, {H
. QAMEERAZMRE . AR5 %5 LED JEL M . i+ LED ik AJEFIE R A R .
— HL i A A5 5 B0 B s e 23 38 BUAR N 2R L 5 — FLE B2/ it 2x  Bk 2k B [W] B OFDM g — A4
AR Z A 52 W 2 By A L (Peak to average power ratio, PAPROAR &, X 7 48 19 AF 4 M 4 10 A AR i 1y %2
SR, S TN LED 3R 2R 1 A iR 0 2 b S DR ER A S L BRI 1A O X S A R AT AR E A

B,y T8/ LED 4R 2R M 52, A SCHE £ T OFDM 1) VLC RS, R IR BE-FH B8 1K & S 4%
(Amplitude-phase shift keying, APSK) i il 5 OFDM i R #H 45 & W& 7 £, 30 5 % H i QAM-
OFDM &4 7 AT T X 40 8. SCERCS v i vk 4 1 17 APSK i i (9 B A8, I % APSK iy & 2 5] 4
TTT A, 15 Eas R £+ APSK i i) OFDM &4 2 4 1M RE 22 H QAM i il 2 55 10 M fe 4

1 APSK Ry E &K F IE

APSK J8 il J& 5 £ GE i HTE QAM 3 il A — #4987 30 &8s i B2 R ) ASK A0 329 i PSK
iR YL s i < g R 5 s T s R 1 0 DI S N e = W i o (P o AP Y P T S
KB BAR N RIE QAM B . BN 16 APSK f A2 J4 E I & 1 BrR

= o]
-1.5 -1.0 05 0.0 05 1.0 15

B 1 16APSK A JE& Kl
Fig.1 16APSK constellation

K25 16QAM {5 SRy R JER . 1 16 APSK Fl 16QAM Y & J X bE . ol A Y APSK 3 i 3 b
e BE A AL (A 16 APSK FUA S g BE (L. 177 16QAM A 3 N BEfED A By 4ik4t LED JE 4
R

[l A5 DR 0 A R HE AP m PR BE 22 50 O T8 T HOB i 7 WA A BE R U — b 2 R
Bl B TR i 16 APSK il B2 I 9 N 1B 242 0 o =0. 5 5h B4R =1 1. 0T RIS 16 APSK {5
S RE RS PR LA R 1.2, B 2 Frar 16QAM 55 Mo R g RE S5 F YR



648 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 3, 2015

e 1.8, PG BLAR Hi APSK I8 i 9 6 S G 25 FO 0 T 915 5 0 60 4 2 1 AR T8 05 8 S o
LR FESHEN, XA DERBGFTCOLMBE THW, #DEIJELMFEE T APSK 8 6l /9 1% it 5k
TUFF QAM IR fE P R

1%5

1.0 ,@-—--—--@\\\

[ e
]S4
AN

@‘—-M@’

g\- Vi
-1.0 ‘S-m-@/

D
-1.5 -1.0 =05 00 05 10 15

K2 16QAM EJEK
Fig.2 16QAM constellation

AR 26 A S EE Y AR S R I AR B AR S AT AR R
X=rep(i(Zi+0)) k=1.2..L D

A LW BB AE om0 500 55 k AN BE B9 EAR ARG 5 B0 EG o B8R = A RE ER9EE @ A5
SR =012, o — 1, 0, RER R ANEE B ME S AU RIARA .

2 M /N DR VR R AR 3 0 UL O B iR R AR B AR S BT T IR R L AE 5 A 2 IRy A (] B R R
KX BRI RAF S 2 [ G fe /BRI B . i T APSK 2 3 iy 22 4[] O [ 26 B, HL P [ 2K 42 A/
HES MM oS 8UE5 A2 BB e 8/ B, o 78 40 R R R &1 b 8 45 5 2 [, B3 i 7 i
R e << S BRI B AE 5 A RO TAMA MG 5 SR X B APSK 5 S5 sl il AR R . (ny +
n, 4 +oon, ) — APSK , 1 4 +12— APSK .4+ 12+ 16— APSK %, [a] i . g {530 V4 — 1k 7 24 o 8 32 [ L 3 %
F545 RE AR )T — A Ak 3, B

L

anr‘i =M 2)
-1
ZEEEP MWEE‘@@E’: Jﬁ‘%/ﬁﬂglé\ﬁ’ﬁp n, +712 + .- an[‘ :M(le < nk-l) o
ﬁ%%ﬁ(*ﬁﬁf*ﬁ{ﬁﬁ% Dk *n*BXj—iF‘ﬁépk o O :6/: — 0 s Ok :%’k =1,2,-,K, t[%:‘jti;”i‘mv @1 =0 E_

pr =1 o XHE . APSK AL P RT LA AR GF 2 45 FR X A A O i 38
PL 16 APSK R il . A&l 1 pr 7 - 16 APSK R i 1) 2 ) 1A 2 AN )i [ 2B 42 20 500 S 0y 2 5B

] 2 A 5 N B2 A2 1 FEAE R oo ::*2 o WA 4 MES5 AL AEA 12 ME5 50 HE S ERIEAN
1
~ . T . e .
Clzrlexp[]X(7lk+z)] 4, =0,1,2,3 (3)

CZ:rgcxp[jX(%ith )] i =0,1,,11 (1)

ks
12
A3 0 AL R A JLART 5 R AT, 26 0 A TR L AR 5 5 22 8] A e /MR S R

d,, =2rsin =~ (5)

n;



¥iak % . APSK A% £ £ F OFDM T WL ki@ 4% & % ¥ 69 M4k - 4 649

HE A A% 7% B, ] A5 AR 4B A [ JA 22 (8] i) e /N BE B

divr =7+ Tl — 2rires, cOSQ (6
XH o R ARAE AR JE k FIk 4+ 1 s /NR T AR A
(1) ,APSK 55 W AT LA B A AR (2 30) KRR B

1‘,\‘—rkcos( z,Jr@ D)
yk—rksln( 1;+(9k (8)
PIANE 5 1 22 18] A9 S5 /N R EG B B8 AT AR IR
S = mm a—a|” (9)
AT R REWIRIG R B RES '5ZIETJEI’Jﬂi/J\IZAEEEEr% m (7,8 /15
8;7nin: m‘(m;& [(-TA*T A) +(y4*y f) :I (10)

e 0P S W M 7S (Additive white Gaussian noise, AWGN) (Zi8 W B FES B LB E N R A
& 5 R 4 0 2R LR K =X, APSK I I i 45 B iR i % Py, AT D R oR i

Py < (M—DQ(/E e =2 T 7CZNY) an
X Es MFHMFSEER: N, WSS AL RIBEHEET; v.0’ € X5 Qo) NiRZE R E. /I
Q) =2 J exp(— £ /2) dt (12)
2

BB M-APSK A5 5 3 (9 [ J 800 5 ML AR E D & L BE M= Xk s k=40 4% [ J& 22 18] ¥ 18] ffa #
#H%ﬁ%ﬂjﬂé’ﬁﬂ%?*ﬁ% e L3R f5 i % #F%ﬂéﬁﬁ%?iJCT,,\ﬁUE/JmE%?FTu?%/TﬁM

2 — [ B 6c,log, J [ 2¢,l08, % _ <2i—1>n}
Poyarsk Jlog, M ZQ (2i—1) " — DN, ZQ N, sin 7 (13)
K, WHAFRER .
2 ET APSK-OFDM K AT LSt @5 R R B

Pl 3 Jy kT APSK-OFDM (4 a] DLOGH (5 R Ge Al . — 8% H3 AT A e 3R — 2k 1 BE ML B i @ () 23
IR L NN 2 B IR AT AR T RUE I (B ARG PR i APSK S HI B S N Z R 5 S X .
38 oF B B B 36 A8 M (Inverse fast fourier transform, IFFT) Y850 8k 19 & (5 5 B e i pt B &5 5 s()
N7 AT B AL B A 5 ] T 3t (Inter-symbol interference, ISD Lk & #k 3% [8] T (Inter-carrier in-
terference, ICD , 75 Z 46 A S 40 AE AT 28 (Cyclic preflix,CP),

TES I TC L0 (5 R Geh » OFDM {55 I FH >k 18 1) 565 40 28 I8¢ 19 i B2 AAH 62 . PR, OF DML 5 5 & W
WPk A5 S o AHZTE AT WO AR R Ge b — e >R T 9t B2 0 )/ B #5246 (Intensity modulation and
direct detection, IM/DD) 77 20, & F I OFDM 15 5 (1% i B2 A2 £k ok 38 1 56 1% 55 B2 10 AS J2 't 10 i B A
AL, H L, OFDM {55 AR IE ML 5 . B A& 5 OFDM 8 i 77 3 m DL ek it , 7 e iE & 7
LIRS RHEEES (S 1

XU M 1) S A5 5 30 e A AR 1, 2% T 2 o T SR B X By Jy 5ok 7 A . B TFET 880 N
BESTUFERN s= (50070 =10 (s 0 (s bl XEEGRd IFFT 28305 . 4 A9k 2 0
WHEREES. HTAE =L FERBEW TIORE B H LS SR A B T R — 2.

X5 St LED &%t L 200 2 AR MM E 5 o B oy S 255 . Bars A
BRI ERERX —HW.

log;



650 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 3, 2015

q(k) x(k) x s(k) X,
ég% ekl :?%’%f_» }ééﬁ; 7| IFFT [~ #i A\CP ] e = HIF+DC
X ) ) Al WA
q(k) x(k) s(k)
b e S e ] B e D
AWGN

K 3 3T APSK-OFDM ) VLC & G5
Fig.3 VLC system model based on APSK-OFDM

— oy 1 2 T VA N O R OB M A S AR O R M A S e R - O s A o

(DC-biased optical OFDM,DCO-OFDM) . {55 1] LA E R N

x(t) = x,(t) + Bpe (14)
s Boe o8 B E A6 . AR5 HEXHE S AT RRIE . B2 B TGS o (o 1 H A] LA 8O @& 4
i 45 Boe 21/ A5 5 19 GRS 23 S A3 4, 0 25 7 A BRI MR 75 0 Boe JBR/DS o BRE 72 25 10 W P e L (H 2
WER Boe 8K AR 5 A BE L 2 LED A9 My Bl e 1. PRt 7Vt O A 1) R B3 Y

5 —Fh 7 R AR Y A KRG 1E 38 #5022 F 3% R ( Asymmetrically clipped optical orthogonal frequency
division multiplexing, ACO-OFDND" . 3 it J5 2 A8 45 50 00Ok 1% i 5006 BB T 3O A 50 15
B HBEAE ST IR R N

s=[0 s 0 s; = 0 syuq O syus O o570 oso]" (15)
s st ass AR sau st ases MEEBEE R, W LAFE 1 ACO-OFDM Jy 2 i 4315 A T 3 2
BIEkM 1/4, XHEBEWERNES S IFFT J5 074 — 2B X R SEE 5 200 BV AR 20 i 3 i 52
EEUERRL: 2o =[s('=) —s'=7 ],
SR 5 T ok 7E P BR R A B T A Y OFDM 55, |l
wpy =[P @ =0 (16)
0 x, (1) <0

Z it AR S BRR S A5 BT Ek B TS B4 5 08 B AR S AR (R — 2k T e BRI A ok Y M 7R 4
TR VE TEMR BT 80 B A X A B T 2k E R E S T, Rt BRI AN 2 3 i S i B Rk
SRIG HA ) OFDM 52155 20k D/A 284 i i LED SGIE &k ik i .

2 W i A 2K ST i 1 305 2o AR 5F'J}ﬂﬁ‘ﬁ@ﬁ‘?ﬁﬂ%‘%(Photo—detector, PD) ¥ H2 W 3 19 615 5 #5281 i
G5 BaTHHDE, RRIGHAIS.R 5% FET Z# 1 APSK ## 8 k& H RS, E M sE 3G B
AR A% i

Kl 4 T APSK il F1 QAM il i) OFDM 55 B MER 730 4 . IR TP Al LU L 3 T APSK 4
il i) OFDM {55 {5 K# 43 ¥% 7E — 0. 1~0. 1 Z[H], i 3 T QAM i il i) OFDM {555 K# 43 ¥ 7 —0. 2
~0.2 2. 5 QAM G5 AL . APSK {55 iy 45 AR s/, IRt . APSK i il [ QAM 4 il 58 45 B
UF s HEHT LED My AEZePE . Bom B i APSK §8 il i HI 76 58 T OFDM $0R 1) VLC RGe & —Fal 1719
Ji



¥iak % . APSK A% £ £ F OFDM T WL ki@ 4% & % ¥ 69 M4k - 4 651

12

. --—- APSK
© —QAM

ek s

90.5 -04-03-02-0.1 0.0 0.1 02 03 04 05
fRSmE
4 3£ APSK J81F1 QAM 8 OFDM {5 5 13¢5 15
Fig.4 Probability distribution of OFDM signal based on APSK and QAM

3 ARAXEEFH OFDM £ R4 BE 53 47

OFDM 55 sCn) W] LUK MR 2 DA AL T 3805 5 B & 0. AR O A B 2 B AT Y 48
B AS AR K - OFDM {5 5 i £ (¥ 7 ¥ {6 ol LU O IR o %, T 2208 o° im0 A . [k
OFDM W5 S B H Ny o° o HCAEAL R — DI ARG A . s G BOHESR 7 A1

2

oy — _ 1 =
p(s, ==2) = p(2) ijzexp( 202) a7

[ B —A LED #0A — D TTRR AR T RRIZH o » BERRICH o o 253 B9 WL TR T BRI F N
LED A DUIE# TAF s 8 TTRRYE B LED st A REIEH TAE . UL, O 7 FR3E LED GBS IE & TAF . 26 0%t
OFDM {555 #£47 FR 1 .

HI T2 % LED Ak £kt 5 & 19 52 . OFDM {5 5 23 7 4E B AL 0 08 B2 AAH 7 26 B . AR 4
Bussgang HLi{ ™, SRR AL 28 L4 OFDM {55 (1 5 10 1] LU B 0 37 (9 n 1 e s . e i 7 LED
0 Al L DR 2R 5 S ey W 7 ] LI A 2 R 0 R P . R G G AR IR L T LA R

2
SNR=—2 (18)

o, + oy
K. o) TR PR FE FIBLH MR Y BRI R, of, o T LED fARR MR R 51 i FRIEME A IR, & X
EINYE=Y

oy =00 T o1 (19)
KA. o). Faal T OFDM {5519 b R g R iR 5| A2 9 e 75 3 K, of, Fm i T OFDM 5 5 19 F BR#% [
g 117 5 1 82 A M T R
£ ACO-OFDM £ 4t . LED (9 f B 5516 o - 00 38 20 Bl 36, 7= AR e s 545 5 1E 58 i b
o =0 . [FES L o, KATTE a9 B Y PR R e s T 2R o
Ooip :Jm(z*cu)zp(z)dz (20)

K 12,1 AK 20,15

ooy = 1 |:J (2 — 2c,z+ %) exp(— < 5 )dz} =
c




652 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 3, 2015

217m~2 |:J 2 exp(— ZZo:‘) )dz — 2(;,[(’7 zexp(— %)dz -+ C:J exp(— 2Zo:2 )dz} =
1 e ooy | _ 2 2 o
o [(0 4*Lu)Jl‘exp( ZUZ)dZ c,o exp( 202>}__
2 2 Cuy . GO o i
(o %*LH)CQ(G ) V@ggexp( 262) Q2D
76 DCO-OFDM Z 5t (55 05 T o M5 4M AN T o 0658 40 M4 0 0 L 7 30 5y
o :J (x— cu)zp(z)dz—}—r (x— )’ p(2)dz (22)

B A X ADRARK 22 15

oy = le? U (& — 2c,24 ) exp(— %)dzJ + /21? U (& = 2az+ o) exp(— %)dz} -
/21? [(52 + ey J exp(— %)dz — 6% exp(— 2‘7>J+ /21? [(& + ) Jf exp(— %>dz+
qazexp<£i2>}——<024—ci>cz<i;>;gztexp<£f2>+—<az—kc%><2<i;>-+-V;;Kexp<£§2>-
@+ (@ + Qe )~ ;%;;exp("égg)‘¥ ;%;;exp<47522> (23)

T A 50 R 18 3R G AR O B A ZE 9 M-QAMC M = U > T ) 3 32 46 1 5273
AR

Merfc( 2(—]\5%) U=]
BER — o8
1 U—1 30 J—1 3p }
logZ(UXJ)[ U Crfc(\/U2+]2—2>+ ] Crfc(N/UZJr]Z—Z) vl

24)
A U o B« Bl B2 JESREH . J 32 y B BB SEHE .

4 FESW

R T B ERE T APSK (1 OFDM R TE W] WO {5 i e ge . SLaE A7 LS55 . L 16 Bir i APSK,
QAM F1 PSK il k] 1 5615 10 A6 BARAE 3 S0 T ot gl 2 8 o v 357 1 e S G P, 3R 16 APSK
16QAM F1 16PSK = Ffiif il 7 X AP 75 PEAE . 16APSK A EZE 5 S8l 4, 4ME R 12, B 2E R R
0.36. 4B 1.7 R E 5 R,

g 5 pros . W B E H R DLE Y APSK R B e 7S PERE A T QAM i A1 PSK i Z i), 7R
FEAE AWGN {53, QAM 1l 2 AR PR fc i H 23X B oA 25 S 3 ] DL 63 15 19 R o A ¥ LED
| S B 0F A k97 -$il

fE LED 2t R i 540 F . R S 4% K & ) FL X DCO-OFDM F1 ACO-OFDM ) 4 fig i 17 43
. XHEFZE LED %5 % Golden DRAGON,ZW W5SG™" , HiZk #: TAHETE Bl & :2. 75~4 VMM 1Y
TAEHRAEEIE 0. 1~1 A, )& LED By AEZ kR M vT DL 28 3 2 509 Jr 15 R 40 31, ot 2 3 2o 7 %
FLEE AR, AT LKA LED 78 5 — 90 B 9 A 2k pmi o7 il 280, DA Be A S 05 BCAY (5 1B A7 . 24 OFDM ({5 %
W EETE 2. 75~4 Z I A5 5 KNS M5 SR/ T 2,75 i DR H A 2. 755 415 S IE EE KT 4 1),
HIHB 4,



¥iak % . APSK A% £ £ F OFDM T WL ki@ 4% & % ¥ 69 M4k - 4 653

10°

107

10*

RELRFR

10°

—— 16APSK
—— 16QAM
—— 16PSK

10° . - - '
0 5 10 15 20 25 30

fEEL / dB

K5 fE AR {EIE 416 F - APSK. QAM 1 PSK J il 4 14 A He ¢
Fig. 5 Performance comparision of APSK,QAM and PSK under ideal channel conditions

PiESHCR IFFT KN 1024 G FR AT o 256, 5% A% & 5 4 5 )7 X, OFDM {5 5 1 Th 4
il —10~40 dBm, B 4y — 10 dBm, 18 2 5 M L 5 J Dy 0~50 dB, {5 E R £l 1000 3K, [
B 57 3 LED S I 55 0 5% i o HG A% i M 2 300 080 9 )@ o) 37, 3 dB 7 98 A 35 MHz 245

K 6.7 3T APSK #1 QAM ##l ) ACO-OFDM Hil DCO-OFDM [ ¥E 68 He % . M LA L 11 5 L&
Al LA F LR 458

(DA DCO-OFDM i & ACO-OFDM, bifi 2 7 W b 1 38 K . 8 45 0 15 55 2 6 2 S /N 38 K
X R A A5 W HG O AE/IN B o 2R 56 1 A e R B MR P 1 R R b e R MR 7 T R L N L [
UM 3R T 26 R /N o PR B 1 TR b A K 2R G Y R AR 7 R T A o e RO M R R R o R
T3+ BT LA A 2R S5 W T

(2)7E% & LED AR PR i A9 15 00 F - OFDM 2 S8 77 76 3 — Fh 5 M L L 6 15 28 45 10 7 il s 3 d 1
SRR PR RE BRI T LED (i Re v R 5 2CR R i By B0 R . BRI O T R G R A d e R R R a6 A

10°
10"}
s 10
i
ﬂ
w100
—— 16APSK
—e— 32APSK
1077 —=— 16QAM
—— 32QAM

] 1 1 1 1 1 1 L " 1
10°07"5 10 15 20 25 30 35 40 45 50

{5t / dB

K6 T APSK Fl QAM i i DCO-OFDM £ %t i 1 RE o 45
Fig. 6 Performance comparision of DCO-OFDM system based on APSK and QAM modulation



654 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 3, 2015

10°
10"
x|
s 10
i
X
® 107
—+— 16APSK
10* —=— 32APSK
—e— 16QAM
. —— 32QAM
10° , \ . .
0 10 20 30 40 50

fEEEL / dB

&l 7 3F APSK Al QAM il i) ACO-OFDM 2 %t i M: B Eb 4%
Fig. 7 Performance comparision of ACO-OFDM system based on APSK and QAM modulation

% 1& LED itk SR R iR s 7 XERE

(3) 2419 # 6 1k B 55 e 19 M BB I, ACO-OFDM T 75 2 (1 {5 1t t 22t DCO-OFDM K., 3% 4 H 4
ACO-OFDM H 75 B — A~ A A% (14 B B il ol DAl LED T /F 6 £8P 70 16 P9 - 3 PR g i s U Bicuke 7 B
P BR B BR e T 5] R L i DCO-OFDM 75 % — AN He s K i B 70 5, A e LED T4 76 28 1 3
P o R e 7 B R T BR 4 R T 1 A T R 2

WETISLHEGFE RSP, % EF LED L m T, 5 QAM-OFDM 1% %y J7 X AH kb, & F
APSK il ) OFDM £ 45 i P RE 15 2148 KAy 7).

(5) MR T B 2 7 T LA, 32 F APSK-OFDM #9 % il 5 4 /0 & 2% B % b QAM-OFDM Ry £ 5 &
G R TEREAT B T AR K MR T B X SR E S

5 HRIE

ASCK APSK 3 il 51 A 23 T OFDM $OR (9 R WOl 5 RET b . (i ELA5 R R W] 78 B A n 5
W7 RS AE T P, QAM A i F Ge i M RE L L APSK i il i PSK I i #8 47 s HUR AE % LED 1y dE £
FEPERY AT OLOETEA(E RGP .5 QAM BH R GEH L . 3T APSK il ) OFDM Z 48 KA 50 B 1 B
Hyt LED AR RE ) B3k . ik, 48 APSK 3 il 55 OFDM £ AR #1245 45 1) 74 i 77 2048 7T L i £7
JERA KRN .

R e

[1] Kahn J M, Barry J R. Wireless infrared communications[J]. Proc IEEE, 1997, 85(2): 265-298.

(2] #iffi, JUWOHE, f2BEBT. OFDMA JB& mesh [ 2P B BB IL (1], BodlioR B 5 403, 2010, 25(1): 61-65.
Wei Wei, You Chenhui, Yi Xiaoxin. Fair resource allocation algorithm in OFDMA wireless mesh networks[J]. Journal of
Data Acquisition and Processing, 2010, 25(1): 61-65.

[3] Armstrong J. Lowery A J. Power efficient optical OFDM []J]. Electronics Letters, 2006, 42(6);: 370-372.

[4] Elgala H, Mesleh R, Haas H, et al. OFDM visible light wireless communication based on white LEDs[C] // Proc of the
64th IEEE Vehicular Technology Conference (VTC). Dublin, Ireland: IEEE, 2007 22-25.

[5] Beril I, Jeffrey L, Sebastian R, et al. Impact of LED nonlinearity on discrete multitone modulation[ J]. Opt Commun Netw,
2009, 1(5): 1943-0620.



W% & % . APSK 4] £ £ T OFDM 7 JL ki@ 12 & % ¥ 69 M 46 - 47 655

[6] Elgala H, Mesleh R, Haas H. Modeling for predistortion of LEDs in optical wireless transmission using OFDM[C]// Proc
of the IEEE 9th International Conference on Hybrid Intelligent Systems (HIS). Shenyang. China:[s.n. ], 2009;184-189.
[7] Mesleh R, Elgala H, Hass H. On the performance of different OFDM based optical wireless communication systems[ J].
Opt Commun Netw, 2011, 3(8): 620-628.
[8] Thomas C M, Weidner M Y, Durrani S H. Digital amplitude-phase keying with M-ary alphabets [J]. IEEE Trans Commun,
1974, 22(2) . 168-180.
[9] Chow Y C. Nix A R, Mcgeehan ] P. Analysis of 16-APSK modulation in AWGN and Rayleigh fading channel[J]. Electron-
ics Letters, 1992, 28(17): 1608-1610.
[10] Gaudenzi De, Guillen R, Fabregas A, et al. Performance analysis of turbo-coded APSK modulations over nonlinear satellite
channels[J]. IEEE Transactions on Wireless Communications, 2006, 5(9): 2396-2407.
[11] Proakis J G. Digital communications (fourth edition) [M]. New York: McGraw-Hill, 2001: 276-280.
(12] Wik, B84, T Al AL 78 AWGN 538 F A% MQAM 1 BER #EREMIBFFE]]. TR fEHA . 2001, 10(2) . 19-22.
Hu Honglin, Xue Lei, Wang Keren. BER performance analysis of Star MQAM in AWGN channel[J]. Wireless Communica-
tion Technology, 2001, 10(2): 19-22.
[13] Gonzalez O, Perez-Jimenez R, Rodriguez S, et al. OFDM over indoor wireless optical channel[J]. IEEE Proceedings of Op-
toelectronics, 2005, 152(4) . 199-204.
[14] Elgala H, Mesleh R, Haas H. Practical considerations for indoor wireless optical system implementation using OFDM[ C] //
Proc of the IEEE 10th Int Conf on Telecommunications (ConTel). Zagreb, Croatia: IEEE, 2009.25-29
[15] Bussgang J J. Cross correlation function of amplitude-distorted Gaussian signals[ R]. Massachusetts Institute of Technology:
Research Laboratory of Electronics , Cambridge, Massachusetts, 1952:216-231.
[16] Cho K, Yoon D. On the general BER expression of one and two-dimensional amplitude modulations[ J]. IEEE Transactions
on Communications, 2002, 50(7): 1074-1080.
[17] Osram G. Datasheet; ZW W5SG golden dragon white LED [EB/OL]. http://www. osram. de,2010-8.
EEE AN
Sk (1985-) L B BT X 3% 38 (1963, 5. di+, KX B (19769, 55, 1+
PRV, WF 52 J7 1) < AT DL O il AR LBER T LR B, B 5E T7 I 2 B8 B il
&, E-mail: 815068588 @ R e LR RS 7.
qg. com,

W& 4 (1990-), 4, il 1 HF
GRS TS ) s BE A

By " pGE: N



656 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 3, 2015



