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Abstract: [Objective] Visible Light Communication (VLLC) is a wireless communication technology that uses the visible light
band for signal transmission, integrating both lighting and communication functions. It has advantages such as abundant spectrum
resources, freedom from electromagnetic interference, high security, and low cost. It is regarded as an important supplement to
radio frequency communication in the 6th Generation Mobile Communication Technology (6G) era. In VLC systems, the nonlin-
ear distortion of Light-Emitting Diode (LLED) is a key factor limiting system performance. [MethodsY The spiral constellation is
an approximately circular constellation structure with excellent nonlinear resistance. Its performance can be further improved when
combined with Probabilistic Shaping (PS) technology. However, the amplitudes of each constellation point in the spiral constella-
tion are different, resulting in an excessive number of probability types for PS signals following the Maxwell - Boltzmann (MB)
distribution, which leads to extremely high complexity in PS signal generation. To address this issue, a PS spiral constellation
scheme for the 64-order spiral constellation is proposed in this paper. The scheme groups constellation points according to the spi-
ral constellation structure. The constellation points in the same group are assigned the same amplitude, thus corresponding to the
same probability. [Results] The proposed scheme not only significantly reduces the complexity of PS signal generation but also
achieves better nonlinear resistance due to a lower Peak-to-Average Power Ratio (PAPR). Experimental results show that, com-
pared with the conventional square PS 64 Quadrature Amplitude Modulation (QAM) and the PS spiral constellation scheme using
64 probabilities, when the LED operates in the nonlinear region, the proposed PS spiral constellation exhibits obvious advantages
in Normalized Generalized Mutual Information (NGMI) performance and also has a wider dynamic operating range of Peak -to-
Peak Voltage (Vpp) value. [Conclusion] The results are of great significance for visible light communication systems operating
under high -power conditions, and can provide theoretical references and technical support for their performance optimization and
practical applications.

Key words: VLLC; geometric shaping; spiral constellation; PS

Wi H 1 :2026-02-14;5 &7 H 1] : 2026-03-02; 4RI B H 38 - 2026-04-10

e G0 H 2 R A AR R A BB (61501296)

PEF T A F0BL(1981-) , 2o TR E AN o RIBUR, 11, AT 7 1) A ELOC AR HOR

BIEMEE ¥0 B . E-mail: xinyueguo@usst. edu. cn

© Editorial Office of Study on Optical Communications. This is an open access article under the CC BY -NC-ND license.

260053-01



SIS

2026 4F 2 RS 254 M

0 531 §

Bifi 5 4 35K T 2 B4 Ui i 2 A AR U R A K
SRR AT i T DA e 1) A A S L AR GRS LE R 2
ME LI R AR T E TR K. R 5t h, DAl
UL e B A A7 L A 1 AT UL S 38 % (Visible Light
Communication, VLC) AR Z 2|7z ik, VLC A
ARE TR A TO T R B0 BT R R 2 R
S AT A AR R SR A B AR AR R

il 2y VLC & Ge 1 e i 51 3 2ok A %Ot —
% (Light Emitting Diode, LED) i [# 45 J& 1 . 75 /1
LED (% 8 il # 58 % 745, B A7 76 W W 19 3F 2 1% &%
7T, e B R DA R ) R A T B R A R T B,
{E 2 B i 0 9 i AR AR T RGBT
LRk BEMARRE R E, i, JLA#IE
(Geometrical Shaping, GS) ">/ fl 4 K 4 J& (Proba-
bilistic Shaping, PS) 74 ARpE )z W T VLC %&
Bt GS it LAk 5L 8 i TUART 43 A1 > 18 K 5L JE 11
% /N B B B (Minimum  Euclidean Distance,
MED) , B A% % 515 5 19 06 {8 34 {8 2 % 1L (Peak to
Average Power Ratio, PAPR) ; PS W i3 £ £k & )i
SR 22 G A1 8 A A S A A v ) o R T Y
R R M LED RYARZebh kK B,

WA W R T, DY A R HAL ) PAPR 4
fEdE R EA T VLC REP . ki, FIE 2 % &%
THROCAC M IB A AR A R PR . AR i RURE 2544
BEE 2 AR AR G b fife R Y A ), G P RE R A X
AR, T DA B R B R Mty 501k . ¢
AR L8 4 Hh A8 e B2 A ok o R B = A T ik R g
P40 K57 e 7 T A0 5 SR [ O 136 ol A A B8 e 2 DA A
A A7 1] 5 48 i) 1 1) B R 7 fige ikt R 4 5 | Ak ) A etk 2k
FL SCHR L1018 YOR R 5E &2 88 % T VILC R S8, B
P2 64 B IR e AL B TR 1) MED R I Y
PAPR,

itk — BT RE A SOK PS HR 5 IR E A
JERHZS & AR T —Fh 64 By PS IRBE R . 5165
[ B2 s AN ), R i B2 A i — b 3l AL B 1 4354 ,
AL RN BE YR AR TR o PR, A TR 22 o
=+ IR 2% 5 (Maxwell-Boltzmann, MB) 4345 , 64 4
BB RN T 64 FlOR R B HERE , PS [F 5 A i &
Ze AR R S YL it AR SO I T — R A PS
WEHE B AR T 58 o Ml MR R A 5 R T R AR A R AT
20, 2H P B DR R TR R [ ) L R Ot XoF i 1 R e
SRR . T HE PS WRE B AR T E

eI A 2 BE L Rl BT PAPR W I, SCIG 45 R R
M, 2409 H—1k) X H A5 B (Normalized General-
ized Mutual Information, NGMI) ¥ fig 15 2| I & 1%
Tt

1 [RIE

1.1 BEREEEER

UER T R I I A AL TR S AP IR i e A IR e
4RI R R e 2 bR B G aE i AL AT GE
FHRBETE L 7] DL DA R Rk g5 H

s(2)=f(1)e", (1)
A s () A R E AL I8 A 1) AR AR AEL 5 (o) S R pR A ¢
KA SHL ) AR o SR L i EANTR] ¢ (E
T ARG B B R R AT . — SRIB R L 2
P Ry G, P 3 %o R e A DB 1) A SR T AN R L 0
PRIEPE Bt 98 2, DL DR BE 65 A IR e £ b HE A
(0 A ER B A FEASSCHP  BOE BEIECH 6, X4 1 1,
SO RIR N
2nt

J@) == =1, (2)

A, J Sy B v T O R R AR SO J=19,
X IRBEL R LB L ) AT DA T —
P () (L LA B P P 22 ] P A% ) R S g () R F 3
Feni+0)=f[2r(l—1) +¢] +g(2nl+1). (3)
Sy RUAT RE AR UE AL ) MED MEfig , 7EAR S &
e, g () B [ 52 R B 8 2, BV BB R JiE 26 2 8] )
A& 1) B S 2 A ) 1
% LED HE 21 Rk 552w, P 0 488 K 0 2 g
MR Gy s BN 52 o DR BE A T SR IE £ 1)
T L AR AU, R A R () ) o B R R A
1) 145 R 38 K, DRI TTT A 0 A2 8 a5 22 [l A R S d (m)
CIE=Y N

d(m):‘s(z‘,,i,ﬂ) —s(z‘,,,)‘:ao—i-al‘s(t,,,)‘+a2‘s(z‘,7,)‘2,
(4)
A5 (o) R EE m ARV S 5 1, 9SS m A RLE
JRE AL 285 a0 o I e 359 8 455 1 AR 408 12 A
HLZ AR B AR Y R A
R (4) 2,00 BB IR IR 0] Feom g 10)
Qo
/(e)
TEASCR O 0 BTG IE RN 2.5, a0 a1 AT a,
Gy BEHR 2.0 F10.006, HY T HRNEL 2 iy B B 1
AT, Y B AE ¢, LAG A T G X AT S

Ly =1, + +a1+a2f(l,,,)o (5)

260053-02



RS

DL A P A M AR A MR R R Y

AT IR ARG 2] f(1,) , & AG 3 64 4~ B R S Y
i, nE 1w

Bl rZREHR
Figure 1  Spiral constellation diagram
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Figure 2 PS constellation diagrams of different schemes
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Figure 3 Experimental setup and system block diagram
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Figure 6 Performance comparison of different schemes at a direct current bias of 40 mA
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