| B2 % FTH/2022 F 4 B/HEFR

W WOEl S RS AT S e N B8 Ak T 05 7k

E%EJD ’ /ﬂ\: g&

HE KRR Efﬁﬂﬁiiﬁﬁ‘ﬂ%/ﬁﬂiﬁkéﬁli‘}%ﬂ}ﬂﬁﬁﬁqﬂ Lo J7ZR VLI 529020

BE R BRI B H COFDM) £ 4 v 1 56 SR B, 2 B8 f 8 R0 45 38 A5 3T A S AR T4, i TRET
OFDM (1 7] LG {5 (VLC) Z& 48 %) 8] 45 152 25 8% 455 2 B R B (STO Al 1 i i i Pk e 58 i REPERE . S0 B
it O OFDM(DCO-OFDM) R 4t , 32ty 1 —Filt B T 25 (8 X B Pk (9 45 5 2 0 A 3% Ak 3t J7 s . %07 il ad i+ 2
A AT FREE A YR AT 1 FL BB 08 ™ A8 FTAR A 288 Jok o ioF 32 o, DAY S5 B0 o 8 0 5 5 i A T . a1
FHL 0 B B S A S A9 2 07 MR IR 22 (RMSED | F 2 48 % 12 22 (MAE) AR 15 R (BER) , DL IFAG BT $2 77 2 A9 4
fig, I 5 A JL LR J7 ¥k (Park 77 F1 Guerra J7 ) #EAT LU, D5 ELE5 R SR BT, X B0 R 10 75 5 i [R] 20 J7 ¥ L6 0Pk &5
WA (AWGNFEM R EH G E LR T Lk r i X Bk 7% 7 %48 DCO-OFDM & % i i A &tk
KA OLE(E; WTHOGEE BSR4

FESES 0436 XHtRERL A doi: 10.3788/A0S202242.0706007

Symbol Timing Offset Estimation Method for Visible Light
Communication Systems
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Wuyi University, Jiangmen, Guangdong 529020, China

Abstract As a key module in the orthogonal frequency division multiplexing (OFDM) system, the synchronization
module is the basic premise for data demodulation and channel estimation. Due to the sensitivity of OFDM-based
visible light communication (VLC) systems to synchronization errors, the accuracy of symbol timing offset (STO)
estimation directly affects the system performance. An STO estimation method based on odd-even symmetry is
presented for direct current biased optical OFDM (DCO-OFDM) systems. By designing training symbols with an
odd-even symmetric structure, this method can generate an ideal pulse-like timing metric, thereby achieving
excellent STO estimation accuracy. The performance of the proposed method is assessed by measuring the root-
mean-square error (RMSE), mean absolute error (MAE), and the bit error rate (BER) of timing offset estimation
through simulation. It is then compared with the performance of two baseline methods (Park method and Guerra
method). The simulation results show that this novel symbol timing synchronization approach is superior to the
above methods in the additive white Gaussian noise (AWGN) channel and the multipath fading channel, which
verifies the effectiveness of this method in DCO-OFDM systems.
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under conditions of no noise and distortion

T BE B AR AL Ll A8 R RO O T
TR T AR A L ) R RN R R R A5 R
BER TERE. {5 ELE WK 4 B, R T8 T W%
BER BYMERE2ZE 5 . #F = B BER @915, M A
Al DL L 7 SNR 26T 10 dB 80, S dE
BER M BE i BLAE L 1] BB F00 B Ik f T Ak T b Jal
(BRI o 3 PR A 2 He ] PR e DR A5 5 I R e

Ko I BUE SR BL G 5 24 He ] I 5 K/ B AR 5
14 0 38 2 2 B B A 5 [ M o O i e R et /N AR
SGLEBIE R E . B 4 pa] DU 3], A A9 L
{51 P 0L U i 43 950 A 0. 19 il 0. 36, X A2
Bl B 9 T IR SE 9 BB

Pl 4 AWGN {38 v AS [ b 460 PR 5 3 1
2T B BER {5 EL45 1
Fig. 4 Simulation results of BER for different scaling
factors and DC biases in AWGN channel

K5 H g T AWGN {5 & H A [7] 5 32 1 [m] 25
PEGE A BER PR g 907 FLA5 R . B & A 1 1 1
J7 iR 22 (RMSE) 13 46 % % 22 (MAE) i X L
g 5 FE 5 () frs , K RMSE il MAE
(9 5 L4530k

1 O - ,
ERMS:x/NZ(p_p’I‘)M’ (25)
s

m=1
/

N

I < -
EM/\:Niz‘pipT‘a (26)
Sm=1
itEPNs I%'fjiﬁﬁ\ﬁyﬁl %‘%% OFDM ﬁ%ﬁgilﬁi

RAABLE ; p FAMIH OFDM 255 [ 15 (7 % .
MIE 5 Ca) AT LLE Y, T4 75 1 ) RMSE PE g 2
T F HABPF 775 . it gy ik 7E SNR 238 9. 3 dB
FSEPE T 107 f RMSE, i Guerra J5 3% 1 Park J7
B3 AE SNR #2308 11. 6 dB FfI#8 i 14 dB B, A4 52
BT AR R PERE. 8 5 (b)) =R 5 9 MAE i
LB FREHRSE 5 RMSE &ML, 5
Guerra J7 % Ml Park Jrik#0 b, B )7 589 RMSE
HIZE T RE/S P, 78 MAE 4T 107" M &4 . fr
P EARAF IG5 3 dB A1 5.7 dB, El 5(e)
HER T AR 709 BER (5 BLE45 %, B 5ot
Pric i B AR ER 700 6 R Yeni n 24 4 (HD-FEC)
BE L /F WAL BER MERE AR E. Bl 5 (o) i Ttx
10 1Y R 2k s TR B A R A% 1 AR A5 11 . DCO-
OFDM %% BPSK il i BER tEfig. MK 5o H?
A LAOURES B, B SNR 30 . £ FH 42 ) 25 07 v 1

0706007-6



HRIEX

E 425 FT7H/2022 F 4 B/RFEFIR

BER 5 #AH BER 2 [i] A9 22 i #d /N L IF HAE SNR
KT 8 dBHF. W4 BER iR AR TR &, HFE K bl
BT AL RS BE A 4R =, E B B8 4P BER PE g
MR W AS /N, 24 BER ik ] HD-FEC {8 i, 5

Guerra F1 Park J5 3% A0 o, B 32 05 38 43 5 ml L3k 15

1.1 dB Al 2 dB fy38 25, & 5 H iy B as SRR, T

PET7 1 BAT (A Tk bR I JE A, BT LAAE SE I i 7
fh D7 A T R PERESR T

e =
S 102 102
;g (a) % (b) ¥ ©
£ £ 10t 10"
= = T3
8 w0 &
.§ § 10 . 102
o o
° I 310! & fasxi00
- g . (e N
£ 10 g10% HD.FEC threshold SONY
=) = —p— ] D)
o —w— Park method S 103} —v—Park method 10 —e—(;?ll;n?(;no?hod
—=—Guerra method —&— Guerra method proposed method
E}J) o proposed method g 0% proposed method ---- ideal
=204 6 8 10 12 14 4 6 8 10 12 14 4 6 8 10 12 14
SNR /dB SNR /dB SNR /dB

Bl 5 AWGN {51 H A [F SNR T8 [A £ EER BER 5 EL 45 H . () & B w45 1T A RMSE;
(b) & I # A 11 89 MAE; (¢) BER 1:fg

Fig. 5 Simulation results of synchronization performance and BER in AWGN channel for different SNR.

(a) RMSE of timing offset estimation; (b) MAE of timing offset estimation; (¢) BER performance
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