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Fig. 1. Sectional view of CPC.
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Fig. 2. Light collection diagram of lens-wall CPC.
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Fig. 3. Relationship between the optical efficiency of

the optical antenna and the incident angle for § = 5°.
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Fig. 4. Schematic diagram of hemispherical lens structure.
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Fig. 5. Structure diagram of two-stage optical receiving

antenna.
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Fig. 9. Spot distribution of two-stage optical receiving

antenna for h = 0.
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Fig. 10. Comparison and analysis diagram of optical gain for different optical antenna: (a) No antenna; (b) CPC;

(c) lens-wall CPC; (d) new two-stage optical receiving antenna.
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Fig. 11. Power distribution in the room when the op-

tical antenna is not installed.
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Table 1. Parameters of the photo detector [23-25]
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Fig. 12. Power distribution in the room when a new

two-stage optical receiving antenna is installed.
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fir, A D5 IR R B BOE 21062k, 48 AR S

AIRA, BT R O S B SCR 2R K 2 R i A T
41 CPC 451, BB A RS RAL, Wi T VLC
RN R.

3.2 (EERELSHR

F A VLC ZR GRS 32 22 ik e i 1 16 s
LA AT B BOR & M P TIOR3 48 1 A5 o B
B B EORIE S I, B SO0 AR E T
HIORE I 7 328 K 115 5 A B P 2R ORI s . TR
B FOCBERI, B S 5 A G PR s ) 2
T ROCH IS, E G B RO R . ORI
FE AT Ll R P

5s2hot = 2qfY(PR(signal) + PR(ISI))B
+ 2qlpg 1> B, (13)
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N, Prsignany B EBEI G 56D, BREXK
WEFE AT 9, Prasy AASIEFIREIDIE, I fE b i
i KT, Thog A FRLAL, y o 016 FELAAR UL 245 PR ) 12 2.
P T R
Sthermal = STkTxnARI, B® /G
+ 16Tk T I AR 3B /g, (14)

X, GRIFIHRH RN, T2 g E
(FET) I &) T8 g 75 PR -, m =& O B 4R 4% 1) B 7
A, k2B R2E2HE, gn 2RFETHE S,
Ty A& 40T IR .

LR ERTHEL, RGN SR

Niotal = 0ot + Othermat + 7> Prasi)- (15)
Rk 2 N VLC RS HERE R B 2N

7P é(signal)
0ot T Ohermar T V2 Prast)
R4 (16) =X, R Matlab #4705 5, 115 55 8] A )
fEME L oA, o, BRUNES (R B 2 2 0.53 A/W
B S BAREAE 73 0 51 TR 3 .
#£3 =W VLC R4 A ERIISH

Table 3. The simulation and design parameters of

SNR = (16)

indoor visible light communication system.

Eriestl SRR
N LTI FE T 298 K
HFOLCHIR g 5.1 mA
TSR B TH AR [ 5 B2 112 pF/cm?
st 75 17 B K T 0.562
R TE B 100 Mbit/s
T P B R T T (20) 0.0868
TR G 10.0

FET %% gm 30 mS

FET ViagE SR f I 1.5

i T AT B R ARG R R
CPC. 4B BE CPC M % 337 1 P Z06 22 IR
REVYFPE LT E L. B 13 /2 2 B H R 4
JCEAFRNORE DL T B[R] P9 R 45 0 L2 A

000 |
XK
5509
7 3

SNR

K13 223 R 201G A OR B s T v 1R A M L 23 A7
Fig. 13. Signal-to-noise ratio distribution in a room when

a new two-stage optical receiving antenna is installed.

PR (16) T 515 21 22 2% 3 8 2 2 B I
RERIEIW T, RGAE M A K H N 78.3381 dB,
/MBS 69.4945 dB, “F¥IME N 76.0632 dB. X} L
T EBEERR RS, RREEIE R 18.17%, ~FI1E
1R A 28.07%, /M BIIEHE )N 550.72%. £ OOK
WHIK VLC 247, 13.6 dBE R G =ML T L
fd/ME PT=20 B 13 T AR, 55 ) P A e
bl 23 A R AR Re i R WS 7R oK. B BRI
()L B T LL RO, A AR E kR, R 4 51
TSRS KA s 1] A W Eb 2 AT 1 B KB B
AMEFISFIAME, DA R {3 e LU ARG T B R U i
BT R .

MZE 4 BBl AT LA H: %235 CPCAE Motk
T o 5 BB IS BUAR B, B K B I 9.61%,
B/ ME B 373.01%, T HA{E 618 16.76%; i Bt B
CPC U5 M LU B KAH SN Rypax N 76.2349 dB,

H4 BRI RAN (YA

Table 4. Comparison of signal-to-noise ratio when different optical antennas are installed.

Growth rate

R4 SN Ruax/dB SN Rypin/dB SN Riean
SN Rmax SN Rumin SN Rmean
No-antenna 66.2939 10.6796 59.3896 — — —
CPC 72.6638 50.5153 69.3431 9.61 373.01 16.76
EHEEE CPC 76.2349 62.8584 73.1634 15.00 488.58 23.19
PR 78.3381 69.4945 76.0632 18.17 550.72 28.07
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Bt /ME SN Ry N 62.8584 dB, T #4118 SN Rinean
N73.1634 dB, 5 EEZEHE SUAH L, B ORAE 1Y
M8 4 15.00%, #5/ME SR N 488.58%, ~F- ¥ H 14 I
923.19%. BILE GRS W BT, R T
WS 37 ff, o 5 4 U o e 8 42 Y B B8 2 (1
2, [EME L RN, SR FH T Y Goh S R USOR 2k
FESC IR {5 Wk LU - S5 (G M 2 CPC A5 e LG~ 3 1
W) 1.67 £, 235 45 BE CPC 15 e bL P 2 {8 14 1% 1)
1.21 .

ZxA LA BB 25 SN p el A AT
RUPH S R A 1 25 K, HoBEsy
SYMEGF RST/N, REMSIEE BT — 2L 4
SRR, BB 2 VLC R Ml mi e isEn

4 RFREARRILT E

AR % N LED AT 6 IR 05 3 1 8 AL M
FOCAIWCR I TERE, £E LA 5 L2 R
ARG RAETT &, PP HT RN S0 A R 26
(M RE IR IR UE BT I & M. B 14 R Ak 8
R 2k B Bl R G s i B, AR A AR
HLBE E A VLC KRG,

LIRS
L TRIES

14 HZERLRBIIERGRE

Fig. 14. Test verification of the optical antenna system.

BRI IE T S b, 56 I X HdE B A (5 I B
Je A e AR RO I A A AR
BAEeTh AR BT G A% (CCD) Tl AR LA 5
BRRS . 1R R GO S R OR L AR T A B
B CCD TAIML, HR¥E 2 R 1 52 b KMo
CCD HFLIIAL B, R & IR 4 i = FOL &y CCD
PRI E B2 0. I FH CCD AR ML R 4 2Rk e B 1)
BAG R, JFE A okt AT B R AL B, YR e
B AR DL A6 D I SR OE L L
DA, FRUSCR 26 BN 5 Tl 2 3 o 5 LR S ik 3t AT

k=

5 %

ASLHEAT T —MH T EN VLC REEHHT W
OGS WRE. XT84 CPC G F R R 2ok
UL, A3 a BE AL (3G KT IR, HAR AR B AL
)48 KT 38 T 184 . 3 CPC 78 T 3 o i 28 e
WA R BA — e e 5 R &R CPC. it
— B EE A IEBEE CPC M ERB B IR AT T —
FRET B PR O HOR 22, 38 28 OR3P IO DL N AL
MK T T 20°. K TracePro HE 762 KT
BRSO EEAN R R R GG 3G 28 L TR
~f R EIME. BT Matlab 8RS P VLC R0k
ITETE B, 13 B FJE 2 R4 R g ) ) 29y
MSEMEIL . (A RR: 5 EER TS
BUAR L, BT 3L P GO S R USOR 2R 1 P S5 2 Yl T 2 4
8 757.2%, #& CPC T H#:U Th R IR 5.62 17
12 18 b S (8 19 i R 28.07%, +& CPC 15 M b 1)
E IR B 1.67 ff; LB 28 9 11.49, & CPCOL
B a5 2.81 ff. HOGBE RN 2.5 mm, % CPC
FEBE 12N 7L 37.5%, (H15AE BRI EI 4
i, DR, SR I AR R E B o B R 28,
REAE I & 2 N VLC R4 mnl A e 1l E 77K,
Ja, 4 T AZE B GO E R OR 2R M e 23 B A
IGIGUE R T .
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Abstract

White light emitting diode has become the next generation of light source because of its high illuminance efficiency,
low power consumption, and long life, and it has also been adopted in the application of indoor visible light communication
(VLC) system. The VLC has great development potentials, however, there is a lack of research on optical receiving
antenna which is a key component of VLC. Therefore, in this paper we design a novel two-stage optical receiving
antenna for indoor VLC system. In the designed antenna, the lens wall of a compound parabolic concentrator with a
certain rotation angle and thickness is obtained through rotating the parabolic reflector cross-section reference curve.
Furthermore, a novel two-stage optical receiving antenna is designed by taking advantage of lens-wall compound parabolic
concentrators and hemispherical lenses. This significantly increases the view angle by nearly 20° in the case of gain
retention. The analytical model of the optical antenna in a 5 m X 5 m X 3 m open room is established by using a

™ " The indoor VLC system is also modelled and implemented by using a software of Matlab™.

software of TracePro
The results show that the growth rate of average received power is 757.2%, which is 5.62 times that of the compound
parabolic concentrator, and the signal-noise-ratio is increased by 28.07%, on average, which is 1.67 times that of the
compound parabolic concentrator. The optical gain of the two-stage optical receiving antenna is 11.49, which is 2.81
times that of the compound parabolic concentrator. The spot radius is only 2.5 mm, which is reduced by nearly
37.5% compared with the spot radius of the compound parabolic concentrator, and the energy concentration is evenly
distributed at the same time. This further confirms that the designed two-stage optical receiving antenna is suitable
for indoor VLC system. Finally, the performance analysis and experimental verification of the new two-stage optical

receiver antenna are also given.

Keywords: visible light communication, two-stage optical receiving antenna, gain, field of view
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