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Abstract: [ Objective] Considering the nonlinear effects in Visible Light Communication (VLC) systems based on Orthogonal
Frequency Division Multiplexing (OFDM) , an advanced classification demodulation methodology based on Gaussian Support
Vector Machines (Gaussian SVM) is presented. [MethodsYIn this paper, the Support Vector Machines (SVM) within Machine
Learning (ML) and the Gaussian kernel function are utilized to map the signal before demodulation, thereby enhancing the nonlin-
ear processing capability to the demodulation process and improving the system’s adaptabilityto the intricate channel environment.
The received signals are considered as input vectors and transfigured into the high-dimensional feature space via the Gaussian
SVM mapping mechanism. An optimum classification hyperplane is fabricated in the high-dimensional feature space to maximize
the margin between samples. It can maximize the total distance from the vector to the hyperplane, so as to accomplish efficient
classification and demodulation of signals. Through Monte Carlo simulation under diverse modulation orders (16 Quadrature Am-
plitude Modulation(QAM) , 32QAM, 64QAM) in Light Emitting Diode (LED ) nonlinear channels, the prominent advantages of
this approach are validated in this paper. [Results]The simulation results show that, in contradistinction to the conventional hard
demodulation method, the Gaussian SVM classification demodulation method provides enhanced robustness and higher demodula-
tion accuracy when handling nonlinear channels. Particularly in high-order modulation, such as 64QAM, this method can effec-
tively mitigate the adverse impact of the nonlinear effect on signal quality and can obtain a 7 dB gain of signal-to-noise ratio.
[ ConclusionYIn this paper, it isdemonstrated thatthe signal-to-noise ratio gain of the method rises with the augmentation of the
nonlinear effect, which shows the potential for enhancing system performance at high modulation orders. By dynamically adapting
to channel fluctuations, this method not only enhances the overall performance of the system but also significantly improves the re-
liability of the system.
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] Il Y% i# {5 (Visible Light Communication,
VLC) B A F 5 R B2 A0 4% 56 I 558 1 2 e 2
A HATRE A5 77 oK, Rt VLC AR & —Fi ik
ARV TR R C Al AR BoR Y L TE sS4
(Orthogonal ~ Frequency Division Multiplexing,
OFDM) $ A G i H i B 2R BT 2 42 2000 A A
R THEREEREHE VLC REMTH A EE
IR (2

VLC FRGEE—Fh 5L T 5 B R i/ B 420 I i) 3
Grl) MR X — 4 A5, FE VLC AR 55 45 3 Hh 7 B i AR
Z 3T OFDM KB B AR S . 18 VLC REEH,
KB i ) &6 T8 4 (Light Emitting Diode, LED)
Hag Rtk TRt . OFDM 5 5 4 5 7= &
1 W 4 I 1 ( Peak-to- Average Power Ratio, PA -
PR) , X AE Lt 2k LR HURR 10T B EO L AR ey
f& (Discrete Fourier Transform Spread, DFTS)-
OFDM J7 % 1l & it PAPR H & # fomt ), X
R [ 12-13 ] R B 5% 2 46 BRI 28 T 5% A K s 35 76 1Y)
5 ¥ R R AR S A DL S8 Ay o] B e el =X 6k
Ji ik 7E 8 B bk v B2 9 ) (Pulse Amplitude Modu-
lation, PAM) i VLC F 4t ik A 1 4 L P 454473
Ma % NUHFE APAM B VILC &4 42 1 £-means
MR BAE R BIRIE LR B, EIR TAERR T
HL# 2% >J (Machine Learnug, ML) J5 # H AW X {5 B
B PAM $EAT T HIBIFFE % s B o8 il A A 5 4 0
A W 48 ANLPIEE DFTS- B 3 i & (Direct Current
Offset, DCO)-OFDM 2 4t H {fi J 5 7 1k A 45 2l
(Gaussian Mixture Mode , GMM ) (1) 5 2 it ¥ 7 I 78
16 #1 32 B iF 22 4 W& 34 ] (Quadrature Amplitude
Modulation, QAM) & A 735 3k 4% 2. 7 Al 1.7 dB 4
15 Wk LU 3 25, (EL122 S 30 WF 58 0T w8 I 90 ] 10 15 TR Ll 1
it B

A #E DFTS-DCO-OFDM % %t v fifi H]
=5 B 372 $% 1n) i ML (Gaussian Support Vector Ma-
chines, Gaussian SVM) [ 73 5 i 8 )7 ik o 3 i A% 4
I3 0 7 B8 A5 5 AR e P i S 3 5 4E R AR 25 ], 1 =S
[i) ) 385 11 B A0 40 2 - T VR 5 AT o R AR . AR
SCIE FH e 39T oRERAE Ry A 0 1 S IR AR A TR AR Lk
WG B = 0 . fE LED B4 PE{R 8 347 07 55
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L =

1 EH F Gaussian SVM B DFTS-
DCO-OFDM %%

# T Gaussian SVM ) DFTS-DCO-OFDM
E 8 NS I AN S W A2 = o0 v ¢
i (Bits) #E 17 QAM, KJE 5 M 1 A5 5 77 51 X
Al RN
X=[0,X,X, X, Xy 1], (1)
KX, A m ABEAFS o A B ol R
A7 (Discrete Fourier Transform , DF T ) ¥ B 38 {5 =
S R AE S MR 5 oy

1 %3 j21km
kaMmZ;XW exp( M ),/e:O, 1, -, M—1,

(2)
Krfox, A b DG S ) HEEW R, X 2,
PE AT 1 IR K R X FR (Hermitian Symmetry, HS) .
Tp= Tn o po BEETREE S N BB 280 )T 51 N
T, FH I P 2 L i 33 72 48 (Inverse Fast Fourier
Transform, IFFT) ¥ 45 35 {5 5 5% 46 0] B 36 45 5, W)
KN N BREE S

- 1 j27tkn
X, = Nka,lexp( ~

Jon= 01N,

(3)
XA X, BE n AEAES 2 5 b AR T 2
WeAs o Gl S NG 25 /i 28 (add Cyclic Prefix, add
CP) It/ ¥ 4 (Parallel/Serial Conversion, P/S) .
B/ B 5 4 (Digital/ Analog Conversion, D/A) Fl I
it K (Power Amplifier, PA) J& , b 15 3] B8 P 1E
SHFIAF S, A E AN DCO KUK S LED, #1X
B DCO & ¥ N 10lg(r’+ 1) dB, DCO H i
DC=r JE{X 2} E{X}} 9 X, 09395 040, )
- DCIRIEES X, K
X,=X,+DC, (4)
AT 538 AR A5 B 5, OB H A4 (Photo
Diode, PD) 42 W It 5% 4 S A5 5, Jl 2ok 5 2 55 3 AH
B AR, BRI FE I PA B/ 8% 4 (Analog/Digital
conversion, A/D) | 8 /3f # # (Serial/ParallelCon-
version, S/P) f1 % 4 CP (remove CP) J5 15 3| (5 &
Y. A% {5 38 o n v B R S (Additive White
Gaussian Noise, AWGN) {58 fil LED JE£ {538,
LED £k ] H Rapps #5581 O 44
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SIS 1 AMES Yo M E WA A S, 7E 0647 B ik
(. B - 335 25 He (Inverse Discrete Fourier Transform,
IDET) B FARHL[ Y1, Yo oo, Y, | A B BT 314 it
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TR 5 S Y AT E R A, RIS
TH 2% 1 A 25 W 2 A B 1Y 1R A5 % (Bit Error Ratio,
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Figure 1 DFTS-DCO-OFDM system based on Gaussian SVM
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iz A A T Je B D b X4 1) 2 X (9) 3 AR oy
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L
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(11)
A, C R FEST R, T 1A 23 28 (1) B FIRE A 1)
7o Y 9 e/ e A4 (Sequential Minimal Op-
timization, SMO) 8 &7 ok 15 2] &5 ko =
(e, @, v, a), WARE S O b =y, —

Sy, K (e e). W7 5] 5% 4 1 58 % de 5 95
7o) &FEN
f@):ﬁglﬁyﬁyK(meJ+b*, (12)

s e SRR or ZEREAR B RRAE 1) it 5 sign () S £ 45 bR
B AE R o FAT 55 bR 2 0 RN

SVM & Z 4t 5r K5k R — X 2 22K
Ik WX F G R ECh P RE oL, WAl P
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TG 28 B T o 7E A B AR LR M Ay 26 1) U 3 0
SN R A% oR BOR 8 A7 A 2R Pk e 55 K i A 1)
e 2| e 4 FEAE 23 (8] 944 38 e OR 23 JS 7 1, {45 R
AR 22 [ (1 TR) B fe K AE o % P2 SVM HE 1Y
X SVM S B 8 VT fe L 1Y Al e KAk
SVM S| - 1 1) e BE B, DT e R Ji 4 253 [ e 2k
PEASH] 431 ]

£ DFTS-DCO-OFDM R4 iz B & & KW
& FFT/IFFT 2%, %K FET/IFFT M5k
N, IREE N O (N log,N ), B i I8 1) 52 2% 8 R
O (N ), AR 3R O (N log,N ). i i Fl
H Gaussian SVM #8 | H AT 4 BF 32 22 il Y1l 2k B B
Hh T 0T A R BORICR i S AR ) L o X s AN 2k
BA, BRI AN AR S ZHNE R 258 s(s—
1)/2 W HERIE 28 B R O (5%), iz 1l SMO H ik
KA, HEIEEHR O ()Y R kR IRE IR
H O (s). GMM REM & I B 5 BT 804l
MR o JRAFLERE o DL R MR Ko @ ad
BB fe KAL) 2 3% A8, B U AR 1 T H 5 AR
AR S T BB 26T TR A i A AR U
HIRFEER O (IsKd ), Hor T Rk, GMM Fifi
o A ] B50RR 22 L SRS R i R, B % R U s
AR IR Gaussian SVM 8 5 5 3617 8 98 A9 18
R RE S IR P2 5 MR LE 3 25

2 (FELRMOW

DETS-DCO-OFDM £ 4t i %% 7 4 il #% X
QAM, A 5 55 F & X 16QAM. 32QAM A
64QAM = B i il # 47 #F 5% ; DFTS-DCO-OFDM
5 09 B8 1000, H Al 2645550k 800, Ml i
FF5 80k 2005 F 200 S50k 219 FFT/IFFT M5
N 219 DFT/IDFT WS8R 2°—154% DC &
16QAM Fi% K 11 dB, 32QAM F1 64QAM T ¥i%
13 dB; LED 8 il 47 96 35 € S 100 MHz; JF 2
T a=2;BER W TFRAE R 3. 8x1073(7% Hij [a] 24 4
I 15 FR 1 (7% FEC lLimit) ) 157, ] Gaussian SVM
PR 5 ik, 78 AWGN il LED JE M5 18
THATEAERP R, 53CE15] 9 GMM #
T H# . A BER HlEC AR G4 M L OC ROk 38 0L
J7EAE DEFTS-DCO-OFDM £ 4t H By 1 i 23 #r o

Bl 2 i e AR MEfR I T AR EEL M R
B B 16QAM DFTS-DCO-OFDM % 4t ¥, % H
Gaussian SVM R & 8 Fl GMM 5 32 5 1% 5e il i
PH B R BE X G o Fh PR AT B N AR 2 2k i
JEEE . 4 BER [TBR{E N 7% FEC limit B, % F g=
2.5 dB, Ey)/No= 23.3 dB, E, ) N & L fiE
i3 N, W DRSS . Gaussian SVM kY
1R GERE A JR A PR RE AR LLREAT 1.7 dB A5 MR LE 1 25
1M GMM 5 1 figt 8 1 BEAH FL BB 29 A 3. 2 dB 1115 M
L3 %552 f=3 dB B, E, . /No=20.6 dB, Gauss-
ian SVM J5 1 5 1% G 6 fiff 8 i PR REAH LA 0.6 dB
(47 M EE 3 25 L 1 GMIML B Y 5 3 g o8 14 BB AH EL B
P96 2.3 dB 19 {5 M LB 55 24 p=3.5 dB B,
Eyop)/No= 19.2 dB, Gaussian SVM 5 GMM J5 %
{5 M LL 38 35 23T, 39200 0.3 dB. Ik GMM F ik
£ 16QAM 1 HA 38 FPES

B3 rm MEELEFET, AH LW
32 QAM DFTS-DCO-OFDM £ 4, % ] Gauss-
ian SVM 5 fi# 96 F1 GMM 77 1 5 % 55 f i 4 1)
PEREXT L. 4 BER [TFRAE A 7% FEC limit B, X}
T p= 3.0 dB B, Ey /No= 29.3 dB, Gaussian
SVM Jr i 5 1% Ge 4 ff 4 1% 1 BE AR BG4 K
POREA L 4.7 dB RYAE MR L BY 4%, T GMM LAY
1.5dB MfEME e 25524 g = 3.5dB B E, . /No=
25.3 dB, % f=4 dB W , E,,,/N,=23.3 dB,
Gaussian SVM Jy ¥ 55 1% G i fig o8 (%) 4 BE A LE | 15 Mt
Fe B 2573 29 4 0.5 F1 0.2 dB B, 11 GMM J5 %
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Figure 2 Performance of 16 QAM DFTS-DCO-OFDM system under nonlinear channels
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Figure 3 Performance of 32 QAM DFTS-DCO-OFDM system under nonlinear channels.
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Figure 4 Performance of 64 QAM DFTS-DCO-OFDM system under nonlinear channels
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Figure 5 Signal to noise radio gain of DEFTS-DCO-OFDM
system under different modulation orders obtained
under Gaussian SVM model and GMM
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