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Key Technologies for Indoor Hybrid Network of Radio Frequency and
Visible Light Based on Visible-Light Communication

PEHES:TN29.] XEiRGE:A XERS :1009-6868 (2014) 06—0002-006
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MColor shift keying (CSK) is a modulation scheme proposed in IEEE
802.15.7. In view of the indoor application of VLC, the feasibility of constructing a
hybrid wireless VLC network and WLAN is analyzed, and a kind of feasible network
architecture is proposed. This paper points out the key technical problems of network
and gives the technical route, including lighting layout, multiple access, cell handover

and heterogeneous network integration.

visible light communication; hybrid network of visible light and radio
frequency; medium access control; cell handover; heterogeneous network integration
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Analysis of Uplink Schemes for Visible-Light Communication
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ThIS paper analyzes the features and feasibility of the uplink utilizing
wireless radio frequency, visible light, and 780-950 nm infrared light for visible—light
communication. In addition, a novel uplink scheme employing 1550 nm laser and
avalanche photo diode is presented. This scheme maintains the advantages of high—
speed, no electromagnetic interference, and enhanced security. The simulation
results indicate that this uplink can achieve a data rate of 1 Gb/s.

visible light communication; light—emitting diode; uplink; laser
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A Multi-User Access Technology Based on CSMA/CA in VLC Systems
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Visible light is only used to communicate over a short distance, and the
bandwidth is limited. In this paper, we propose a network model based on multi—
terminal networking. To address the multi—user access collision problem, we analyze
the network model and propose a multi—user access method based on CSMA/CA.
We give the mathematical formulas for collision probability and system throughput
and run corresponding simulations. The results show that multi-user access based
on CSMA/CA is a reasonable and effective method.

indoor VLC; multi-users access; CSMA/CA
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Blind Detection Algorithm for Visible Light Communication System with CSK Modulation
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Color shift keying (CSK) is a modulation scheme proposed in IEEE
802.15.7. CSK is applicable to visible light communication systems with RGB LEDs.
We propose a novel blind detection algorithm based on CSK modulation. This
algorithm can demodulate a CSK signal by using the properties of CSK modulated
signals in the absence of channel information. Simulation results show that the blind
detection algorithm simplifies the system module and has better bit error rate

performance.

visible light communication; color shift keying; blind detection scheme
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Joint Modulation Techniques Based on Multicolor LEDs
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Mm this paper, we propose a constellation design that uses RGB LEDs
modulated by generalized color-shift keying (CSK) modulation to realize visible light
communication (VLC). To achieve joint communication and illumination, we consider
constraining some lighting conditions. First, the average color and power are
constrained to meet the lighting requirements. Second, to minimize nonlinear effects,
the power of each LED is constrained in its linear range. Third, a singular value
decomposition (SVD)-based pre—equalizer is employed to mitigate the effects of
multi-path and cross—talk between colors. Simulation results show that the bit—error
rate of the proposed scheme is lower than that of a conventional scheme where

OOK is used for each branch.
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characteristics are improved, the VLC system can be more widely applied. FC TR BE 5 RS A5 0 2 2 9K 5y

o S o _ LED 1 B9 fm & b, A3 LED & 9
visible light communication; light emission diodes; response frequency; . L :
modulation bandwidth; illumination M CAF 5 5 A2 42 W, 6 H R 28 4%

S5 S o A5 S, i U Pk
R i 2R ey b

Pl 2 2 g — b e P 38 ) A 0 K
ARG RGEHIRO R ML HTAL,
EHAR T R LA K b B B ) fiE

. R BOES IRV R R R SR RE R, B B U R

1 lj‘;;:iﬁﬁmﬁﬂmﬁ LS. . R LED A A 9 v

Sl LED %P5V 4 S5 00 M, A AR S21 S 8, B 4 4 BT X
o G AR SR OB T AR RV TR T ORI BT 2 B A R 1 ik
TS e o £ 45 945 e EENERES) MR RES R,
WA RO S S R KA BRSO il 2 SR T
SERE . R OE MR (LED) i 38 i 4 Pl 1G5 T Tl 5 0 9 o e 2 wIMEZERMUERE
TEME A PEAE MBI RIE S0 AR RS, B EE RIS R g L B LED 9 1 5 1
RS SRR, e AN, AR, BERAERE  HZEEEBYFUTFMA N EY: RC
LED #i th 1O 8 D R T B — A SR RO SOk, LR WU T A R AR A dr . LED
R4 52 5 % (1% — F i (-3 dB)
B B3 2% 5E S LED A4 9 ] 4 58 . LED 7)%%;;5%‘% TR /BT
{1 A S 2 T DO £ R e 4 3 ‘ -
o H A B G D P PR, A7 s X

N i

U778 38 . 2014-09-10 |
g%%ﬁgﬁj‘%@%%gﬂ?\oﬁ R(“863”) =i RES LED el
maJ(zomAAoa?\How lj%wlhwszA B 1> RE " 2 | iuk
JETR B (2013DFG52790, 2% 4 8 7 4 e 03K T
2014DFG62280) REAM

Dec. 2014 Vol.20 No.6 201412 8 2520 5556 5 29 MBI A



ZTE TECHNOLOGY JOURNAL
» i& A F T & 15 89 LED =5 4

KAEB %

LB IHTIY
p= |Ezzpm 0ol WDz o
HIASE HIASE
| !
ey | -
RE® LED - L]
|
=57 <«E?2
RE LED . B H _RE B2 38 o 4 1 0t
REHEM

B A IR XS 2 FRF S, B BT
B 1 R, i o ok 2 P b TR R
BF ] FR A RC B ), 3 22 57 3 45 L 25
S HE 5 HAT IR AR 5 i A 4
AR XN BOR T B R RS
FAUE S el <= | byl BB B M
R B

2.1 %KX RC BT Ia]

P& 3 7R i LED /M5 5 25500
P& XA /INME T SR, LR b
A E R T OGRS AL B
Kl FEAARMEEET, Bt
P TAETE B R R HHIREA  Z WOk 5 i
FEIE WA TFAA , BT LA LED o i 1 1% 45
RCHL R

o, CRE A, RO 2S5 HH,
RIS B, LA 5 RG] E
By A7 A LR, F 9T N LA o SR e
LB LA, a] DU R 5K s T R AY
KHSHY, X A F 0 H AL
i H 25 0 — A~ S G, HR B A L]
L BHAH T o R Db o RS i
TH AT LA R0 B 45 A0 B S B0
P AR 5

T X RS R A9 R ST ST ok R
% RC B a1, DA T 8038 LED 8 il 45 98
RECNEWR —F . @ik
— AR RAF (45 1R p-GaN 5 45
5 ik T AROR 6] ) B9 LED 284, #F 58
SEXFLED A1 58 0 52 i A5 I X T AR
KM, MR RS E T, R
BRI AN . LR EFEE
DR Sy S 20085 v, 25 TR, T FLF 25 48 K
XiF A S 1) R W) L L BEL R /1N ) 285 SR B
PR N R E S| IS RN N

¥ J.-W. Shi % N 9fy 25—, 44
B A BYEA RIS
PN BT B 2 . A #R A p-GaN
55 44 ol m R K

(5] 4 3 s B T AN [ B Y X LED 47

BT R R BV R A O
i HR R Oy U A AR S T LED
il 7 H & A R 3 X RC H
18] i A4k o B N AN AT Y LED 5B
1, FBHLEDRF 2R PR3 I R o=V - R, T
B A 2R P RRAIR C w=CIN . X HFE B
RC B ) %A K AEA L, HE, — &%
i AR AP 4 A0, AR 4 SEBR RC
J=(N-R+R,) « CIN, R It , 5t /N F BA~
AH I8 1 AL LED 9 RC (RC+N -+ R,C) , M\
I T LA 4550HE s 9 o 5 96

22 BMEHFRFEHLREHES
Al Lo (VLC) 3 15 & 4t — 4
AR R U XS Y, PR ae

Te 2 m) , KA, 3 7 ok B
I, S8 L8P AR, R L E
T B AW MWy
“ 75 1 AL K 2% 1Y Chien—Lan Liao
S NH O B (Ga) 1A 1L & Ao - C
(ZnO) I GZO , A3 R s B A 7 45
7o 5 Wos BAT i R A s
%LED%WU\A%@O Fhﬁ':%piﬂﬂ"] A3 LEDE@’J\E%%K&%%
0 OOOOOOOOOO
2 2
on on o
40 —a— :300 mA 40 —=— :200 mA
= -8 o 1190 mA = -8 o :80 mA
—a— 100 mA —a— 40 mA
-12 ‘ : ‘ ‘ -12 ‘ : ‘ —
0 50 100 150 200 0 50 100 150 200
$71 MHz §1 5 /MHz
(a)BHFERA (b)BEFERB
AB4 MMARRTHBEEZ ARSI ER T BY S Z I M # £
GdNEZUI’ﬂﬁ'E,EPﬂLMK%*&, E Y E Y
BEW/NAT 250 25 . T L B AR R FH R
, BHREME
TE ) L 1 LK 9 G20 ——
M 5 B L 0 B A 6 75 O —
e T B G, B GZO i B T e STCE e
55 b #045 (1TO) A1 B2 (1) T g, 3 46l i LB —
TR . P S0 B 4 A DRSS
A5 22N | DT 5 30 LED 38 74 5 10 AN

P WX R AR T, AR
14 3 dB 7 T8 ik #] 225 MHz.

OXGERITA 30 2014EE12 8 520556 83 Dec. 2014 Vol.20 No.6

AE5 XA GZOERMRHIEMINE F 44




e NG 1 L DA S
P N E N S =Y DA
ST S Ha 3R K, HL R 4 (E-0)
B 3 dB e 2™, R 6 T
PLA H, 120 mA T i 6 47 R K 2 2
0mA F2f5. EERFNETREA
JURIE L FEAZ R FHEY. K

S8 AR K B B T B B R
fii o PRI, 2 XA o o 28 1 F kR
5h 5 A B A7 i R T R S A F T
A 114 A5 Hy f 1) ok 75 00 1 ik B A R
15 D S A AN B i 7 4 B
e, AL PR B DR I 3O T 2 5 kO,
NITE T By

[an]

°

=

o

10

S —a— 120 mA
o :80mA

—a— 40 mA

INSSHE/dB

—a— 110 mA
o :BOmA
—a— 30 mA

B IMHz
(a)BHERA

0 50 100 150 200 250 300 350

2 n n n n n n n i
0 50 100 150 200 250 300 350
B IMHz

(b)BERERB

AE6 7 [E X AR R R0

FU IR SN = e R 7528 ) IS 1)
WMTEAILRIN, B E SRR T
F5 A BEAK , E-O e i J/

AR A T E i R
RBRZ, — WAL, SMH AR
B 3/ AR NE= A A K75 A T2 O
FRFEEHTRMA SR
A AimE 5%

BRI O R A A AR A RE Y M.
Feng & A", 3 2 — Bl & AL 5 Jo 45 WL
e & 6 A4 45 (HBLET) B9 LED 4 i
il e T — A, 5B B2
4% . HBLET J& —Fl 3 o & 6 4%
A (> HL i A Sty — A H A L —
A6 o) L AR B R X
AR RNILIX R T B AR
JBT, i 7 18 LED 4544 F1 HBLET A8
TE 60 mA SR HL U T, a1 /9 E-0 37
5T K 35 7 GHz, {8 2 I AR N,
KA A 138 wWo [ 7 Ry (n-
p—n &5 H) B 25 H R B B, B LLE #
S St A O T, R AT N A A (5X
A Y P % Drain ) 322 1E A% , 3% FE & 5
SEIE A, SE LSS R o R A FE AR AT
e [R] — AT, M — U W 0 A
ff A AR IR s T, 7 3 X A

[ 8 45 T E-O Y 45 2 I 42k 4%
Ao AR AR R JF LR A IR
B 38 0, R A R R R L 7 60 mA B
KEN 7 GHzo X A5 AR LF &
6 k4 (POF-LED ) 45 4 W] . A
AT AE — AR K [n) B, 3844 1 1)
FAEF /N, 3 VI IE W R, 3K 2l H
Wik F 60 mA , B XTI B 6 B R AT
15 pW, 5 & A8 A+ BB LED, A
I TAEW AR T —Fh ol i KT %
LED 4 % (1) JE i .

0 R R =R o v R 2
WG AN E S REFEEM

ZTE TECHNOLOGY JOURNAL
BEBRTARESRLED 254 «

JC R B 2 B T TE P A AR 3 R AR
AL 3% 38 E BB S 5 R 2 A
Wi T 756, $2  LED 856l 47 5% .

M BT 2% B B9 Koichi Okamoto
S NP AR LED b A R 3 T 4 R
oot , 15 20 R o SR
(18|45 B T E A RS THRE T —
FH AR ER ., E 9 R, Bk
TEA MR RG24 85,
A G AR 2 A UL Kt TP -
TS WOT(QW-SP) & . 4R
R AR ES T, BE R A DL
HTE R AEHRE T 5 0 5 2 A Re g 7 A=
KT, RS — 4 R 8 U
fi e, ks T BRE A A T
ROR e, B9 R Sk ROR
QW-SPHE AR AT REE R, HM T &
G JE e WA B, T2
A 3 BE 2 HL T (30 nm 2 47) 1R 46
T 25 85380 (SP) |, SR 5 T LA #R S5 4
& 8 58 O 2 LED Ah R . X A

L v, @ IESE
n’:@%% Vgias

nBEER |

nEREIN |
| pEIEW {

835 1

FBRR

W

A B 7 5if Tited-charge LED 4543

—o—:/:60 mA AN

fsee=|3.2\5(7 GHz

=20
E 8
AEBHEAL T | 20
AT (BB RS |
# LED(25TC))

1 10 50
BN MHz

Dec. 2014 Vol.20 No.6 201412 8 2520 5556 5 3 1 MBI A



ZTE TECHNOLOGY JOURNAL
iE A F AT L 5t 38 5 R LED 25 14

Hl
H
S22

-

>£.:_::I

S

hwsp MEE;\. i
WHE, )QJ

haoss

fi'f__-\,

BHNES FRFES

L
*

i
I
it
|1
25

ob

LED &% 4 8 il 47 98 8
ERE 473~ 5 MHz, 124
TTW)‘ﬁﬁ{n/vmﬁ
DN B R 28 =1 i B U
' B 2 E B ORE A

gre | TS, ST

LB AR

o0 S BT Y R AT A A
HL 25 O 3 RE 96 A 2%

AB9 BFENEARQWEXRESPEA

o AR 0 RE I E R O A A R A
TEEPL, 490 nm P KT, 22 55 B
N, AT QW-SP S 4 K T
W, FIL KK AR, BRER S
WS, 25 kb o
i AL A3 D LA K delta 48 4%
AR, AR AT LLSE B LED #5471 58
E@%%TE}O ALAL oy AR TR 3 SR
AR A, SIS A EA
TR AR AR L S, AT SR R A B Y
L7, 300 mA TAEH R, A S A
23.5 MHz 2 & %] 25.5 MHz; delta 5 Z¢
HAR,EHTRBEFHREEA, N
I B AR T 2000 F 75 i, S5 BUAH [R) L 3
BT, AS W R, K104
H T delta B 245 28 4B9 IR 1A .

HERIE

Bifl 5 ' 30 P 2 R R AR A 1 BRI
LED £ 28 4 )37 #0815 B BoR
A Fh D B8 M REBH . T 00 St (i A
FHT LED A1 Lo A% 58 06 U5 O 0F
M) 7 3 36 ) R A, 7 OB (9[]S
IS VES ¥ €k R N S RS

 omlll S | I St |

AE 10 Delta i3 Z:# LED s 7
40mA #3260 Mb/s FR &

i #2 55 LED %5 12 9
W, wE— 2 el W
S 15 2R 48 N FHTE [ .

SEXm

[11 ED L. Visible Light Communication and
Research on Its Key Techniques [J].
Semiconductor Optoelectronics, 2006,27(2):
114-117.

[2] ZHENG Y, ZHANG M. Visible Light
Communications—Recent Progresses and
Future Outlooks [C]//Proceedings of the 2010
Symposium on Photonics and
Optoelectronics, 2010:1-6.

18] BRI BB RFEDIORIEREEVE
E:00E,201210579519.0[P].2013-3-27.

[4] PEI'Y. LED Modulation Characteristics in a
Visible-Light Communication System [J].
Optics and Photonics Journal, 2013,3(2):139—
142.

[5]1 ZHU S. Influence of AlGaN Electron Blocking
Layer on Modulation Bandwidth of GaN—
Based Light Emitting Diodes [J].ECS Solid
State Letters, 2014,3(3):R11-R13.

[6] SHI J W, SHE J K, CHEN C H, LIN G R, LAI
W C. High—Speed GaN-Based Green Light-
Emitting Diodes With Partially n—Doped
Active Layers and Current—Confined
Apertures [J]. IEEE Electron Device Letters,
2008,29(2):158-160.

[7] SHATALOV M. Differential Carrier Lifetime in
AlGaN Based Multiple Quantum Well Deep
UV Light Emitting Diodes at 325 nm [J].
Japanese Journal of Applied Physics, 2002,41
(2):L1146-11148.

[8] BAUREIS P. Compact modeling of electrical,
thermal and optical LED behavior [C]//
Proceedings of the 35th European Solid—
State Device Research Conference, 2005.
ESSDERC, 2005:145-148.

[9] PINGREE L S C, SCOTT B J, RUSSELL M T,
MARKS T J, HERSAM M C. Negative
capacitance in organic light—emitting diodes
[J]. Applied Physics Letters, 2005,86(7):
073509-073510.

[10] WEISSER S, ESQUIVIAS |, TASKER P J,

RALSTON J D, ROMERO B, ROSENZWEIG
J. Impedance characteristics of quantum-—
well lasers [J]. IEEE Photonics Technology
Letters, 1994,6(12):1421-1423.

[11]1 ZHU C Y. Negative capacitance in light—
emitting devices [J].Solid—State Electronics,
2009,563(3):324-328.

[12] LIAOC L, CHANGYF, HOCL, WU M C.
High—Speed GaN-Based Blue Light—
Emitting Diodes With Gallium-Doped ZnO
Current Spreading Layer [J].IEEE Electron

PXGBERRA 32 20144128 ZE20%556 H1 Dec. 2014 Vol.20 No.6

Device Letters, 2013,34(5):611-613.

113] T&Yl.ER . SIEBER T LN fF
B (D1 &t EIICPRARF,2007.

[14] SHI JW, HUANG H Y, SHEU J K, CHEN C
H, WU Y S, LAl W C. The improvement in
modulation speed of GaN-based Green
light—emitting diode (LED) by use of n-type
barrier doping for plastic optical fiber (POF)
communication [J].IEEE Photonics
Technology Letters, 2006,18(15):1636—
1638.

[156] ZHANG F, ZHANG C, TAN Z, ZHU T, XU J.
Investigating high—speed modulation
characteristics of quantum dots in red
emitting quantum dot-light emitting diodes
[Cl//Proceedings of the 2008 Conference on
Lasers and Electro—Optics, 2008:1-2.

[16] WALTER G, WU C H, THEN H W, FENG M,
HOLONYAK N. Tilted—charge high speed (7
GHz) light emitting diode [J].Applied
Physics Letters, 2009,94(23): 231125-
231126.

[17] OKAMOTO K, NIKI'|, SHVARTSER A,
NARUKAWA Y, MUKAI T, SCHERER A.
Surface—plasmon—-enhanced light emitters
based on InGaN quantum wells [J].Nature
materials, 2004,3(9):601-605.

[18] OKAMOTO K, NIKI' I, SCHERER A,
NARUKAWA Y, MUKAI T, KAWAKAMI Y.
Surface plasmon enhanced spontaneous
emission rate of INnGaN/GaN quantum wells
probed by time-resolved
photoluminescence spectroscopy [J].
Applied Physics Letters, 2005,87(7):
071102-071103.

[19] ZHU S. The effect of delta—doping on Si—
doped Al rich n—AlGaN on AIN template
grown by MOCVD [J].Physica status solidi,
2014,11(3):466-468.

EZ

ROB, PERNZERFSA
HRHTHSARBARP
IVESEB TR L ; 26
RAOBRNEBTTRKNE
BB SEHAR

BARE, HEE TONAFX
XYBSEE I ; THF
TPERNZRYESAHAR
BT SR BRIA I,
RESHRRBAMEERA
R I%M%ﬁi%ﬁﬁﬁﬂ
REBSHHESHD 6 BB AR

SHSMEM bEEBﬂ%

o

e, DERS R SR
REIABFSERBFTZH
EWE LT ; PERS B
Y SIRFRETH SIRIRA
HRDIVBIARR ; FEM
B LEDIHR L2 SoiHFis
SHENBNHREES,. &
RIARBSHIR LED BV
& BT Z & RAENN
i mprie




ZTE TECHNOLOGY JOURNAL

mr o e knanninmnas S IR, ¢

DOI: 10.3969/j.issn.1009-6868.2014.06.008

[R5 il < http://www.cnki.net/kems/detail/34.1228.TN.20141012.1111.011.html

]F VLCHJ LED #Ij
mBRAIER

ALK

Optimization of LED SAHP for Indoor Visible Light Communication Systems
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This paper describes a method for optimizing the semi-angle at half power
(SAHP) of a LED in order to improve indoor visible light communication. Four typical
LED alignments are studied. The simulation results show that the proposed method
increases SNR and reduces its fluctuation. Especially in the case of evenly distributed
LED alignment, SNR fluctuation reduces significantly—from 5.2 dB to 0.3 dB. A
distinguishing feature of this method is that the same power is used for each LED,
which makes this method feasible for practical applications.

visible light communication; light—emitting diodes; alignment
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Abstract: Addressing accurately, efficiently, and securely is important for establishing a
true Internet of Things (loT), which implies intercommunication between any objects in
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the network. The lightweight IP addressing technology is suitable for loT terminals and R2Z2—

supports ubiquitous demands. There have been recent breakthroughs in both the
theoretical research and practical applications of IPv6-based coding and lightweight
addressing strategies. |IP—based addressing technology will be one of the important
terminal—-addressing strategies in the future.
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Large Machine-to-Machine Heterogeneous Network Architecture
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Abstract: In the machine—to—machine multilayer heterogeneous network, the data
produced by a machine can be constellated to data aggregators and connected to the
infrastructure network and cloud terminal. This can provide the intelligence information
service based on the Internet of Things to the users. In this paper, our mathematical
analysis provides general analytical closed—form end-to-end delay of HetNet, the
model of multilayer heterogeneous network. The results show that by the
arrangement of the high—efficiency data aggregator, the information can be sent from
machine to cloud terminal and greatly reduce average delay. It also provides strong
support for the design of multilayer heterogeneous network of wireless network
service provider of next generation.
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Abstract: In this paper, we describe a virtualization—Middlebox—based model that
has x86-architecture hardware based on platform virtualization to build Virtual
Middlebox of integrated routers, voice server, virtual desktop service and other
services. Virtual Middlebox incorporates the concept of Middlebox, which runs the
open-source Platform Virtualization such as XEN and KVM. It manages using
Network Function Virtualization (NFV) and software—defined networking (SDN).
Finally it provides communications service of virtualization networks (NFV) and
operational services for each organizations, enterprises and individuals.

Key words: virtualization; network virtualization; software—defined network; network
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