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Types of 10T Service characteristics Applications
devices
Massive lIoT  Delay-tolerant and low data rates, but Smart city, smart grid, and smart home.
energy-constraint.

URLLC-lIoT  Needs strict low latency, high reliability  Industrial automation, emergency response,

and stable connectivity, but with low date
rates.

Requires high-accuracy positioning and
real-time tracking services.

High-accuracy
positioning loT

High-speed rate
loT
Security loT

Needs high data rates, even has latency
constraints.

Requires communication security and
privacy protection.

and real-time control.

Shopping mall localization and robot
navigation.

Video surveillance, software downloading,
and webpage surfing.
Industrial manufacturing and automatic

payment. _
I

1. H.L. Yang, W. -D. Zhong, C. Chen, and A. Alphones, “Integration of visible light communication and positioning within 5G networks for Internet of

Things”, IEEE Network, vol. 34, no. 5, pp. 134-140, Sept. 2020.
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1. H.L. Yang, A. Alphones, W. Zhong, C. Chen, and X.Z. Xie., “Learning-based energy-efficient resource management by heterogeneous RF/VVLC for
reliable low-latency industrial 10T networks” IEEE Transactions on Industrial Informatics, vol. 16, no. 8, pp. 5565-5576, Aug. 2020.

2. H.L. Yang, C. Chen, W.-D. Zhong, and A. Alphones, “Joint precoder and equalizer design for multi-user multi-cell MIMO VLC systems,”
Transactions on Vehicular Technology, vol. 67, no. 12, pp. 11354-11364, Dec. 2018.
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1. H.L. Yang, W. -D. Zhong, C. Chen, and A. Alphones, “Integration of visible light communication and positioning within 5G networks for Internet of
Things”, IEEE Network, vol. 34, no. 5, pp. 134-140, Sept. 2020.
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1. H.L. Yang, W. -D. Zhong, C. Chen, and A. Alphones, “Integration of visible light communication and positioning within 5G networks for Internet of
Things”, IEEE Network, vol. 34, no. 5, pp. 134-140, Sept. 2020.
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Figure 5. Configurations of the a) hybrid system, and b) the aggregated system.
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1. M. Ayyash et al., "Coexistence of WiFi and LiFi toward 5G: concepts, opportunities, and challenges,” in IEEE Communications Magazine, vol. 54, no. 2,
pp. 64-71, February 2016.
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Figure 6. a) throughput vs. distance; b) throughput vs. blockage duration.

1. M. Ayyash et al., "Coexistence of WiFi and LiFi toward 5G: concepts, opportunities, and challenges,” in IEEE Communications Magazine, vol. 54, no. 2,

pp. 64-71, February 2016.
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[12] B. Lin, X. Tang, Z. Ghassemlooy, C. Lin, and Y. Li, “Experimental Demonstration of an Indoor VLC Positioning System Based on OFDMA,” IEEE

Photon. J., vol. 9, no. 2, Apr. 2017, pp. 1-9..
[13] H. Yang, C. Chen, W. Zhong, A. Alphones, S. Zhang and P. Du, “Demonstration of a Quasi-Gapless Integrated Visible Light Communication and

Positioning System,” IEEE Photon. Technol. Lett., vol. 30, no. 23, Dec. 2018, pp. 2001-2004.
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1. H.L. Yang, A. Alphones, W. Zhong, C. Chen, and X.Z. Xie., “Learning-based energy-efficient resource management by heterogeneous RF/VLC for ultra-
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1. H.L. Yang, W. -D. Zhong, C. Chen, and A. Alphones, “Integration of visible light communication and positioning within 5G networks for Internet of

Things”, IEEE Network, vol. 34, no. 5, pp. 134-140, Sept. 2020.
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[12] B. Lin, X. Tang, Z. Ghassemlooy, C. Lin, and Y. Li, “Experimental Demonstration of an Indoor VLC Positioning System Based on OFDMA,” IEEE
Photon. J., vol. 9, no. 2, Apr. 2017, pp. 1-9..

— .



ok ad NANYANG

s e ey O TECHNOLOGICAL
BESEWER 2%

. UNIVERSITY
7 SINGAPORE

120

110 ¢ f"‘.

S

<

LY
\

”
.-"‘"‘.‘
-

-

o]
=

Data rate (Mbps)
E
\

70'

100 110 120 130
Transmitter driven current (mA)

AP KX, AIHRAELER]110MbpsHIEZR.

[12] B. Lin, X. Tang, Z. Ghassemlooy, C. Lin, and Y. Li, “Experimental Demonstration of an Indoor VLC Positioning System Based on OFDMA,” IEEE
Photon. J., vol. 9, no. 2, Apr. 2017, pp. 1-9..

— -



T NANYANG
e ¥ TECHNOLOGICAL
29,;:? UNIVERSITY
\} SINGAPORE

BENERERSE ISR

, Estimated trajectory , Estimated
Actual {{ajector}' by A\DPDO A 2A7ctual trajectory tra| L C?ol::lab‘c RSS
\- A g0 “-&:‘. - W M gtt Dt DT ‘-—...‘\l
'.‘ \s\ | 1.8 .‘ '/ .\
« P . h S
SN i ] F S\ A
S | B g
"h., > aam R
K A e
o ‘\’ - 0.6 ( R4 e,
(:I’ / > ‘ <s >..’
N : =i 02 W N\ /.
- u--e :.i:a...T_:/' 'l,}_-_-_-_; _..._35.'4"
X i : i i : i ; 02 - : ..."M' . : :
-02 02 06 1 14 18 22 -02 02 06 | 14 18 22
D tracki ; | X (m) X (m)
b R Rl B (b) Estimated trajectories of A-DPDOA (c) Estimated trajectories of RSS
1)
) e A-DPDOAFIRSSE A, #alfIHVIRERTEE = 9.8 cm and
I 435cm. BN, AT S AREIZE215.4 cm and 51.0 cm.

4 PD plane
/ tilting

1. H.L. Yang, A. Alphones, W. Zhong, C. Chen, and X.Z. Xie., “Learning-based energy-efficient resource management by heterogeneous RF/VLC for ultra-
reliable low-latency industrial 10T networks” IEEE Transactions on Industrial Informatics, vol. 16, no. 8, pp. 5565-5576, Aug. 2020.

2. H.L. Yang, C. Chen, W.-D. Zhong, and A. Alphones, “Joint precoder and equalizer design for multi-user multi-cell MIMO VLC systems,” IEEE
Transactions on Vehicular Technology, vol. 67, no. 12, pp. 11354-11364, Dec. 2018.



o ad NANYANG
%4 TECHNOLOGICAL

FisibF SRS S Al B E I

7/ UNIVERSITY

b
N SINGAPORE

Reward
(R ZAF L, Qos;ﬁ/@‘r*m)
|
v 1
State Learning agent . _ﬁﬁfﬁﬁ K_::
RS - . . .
5
H L = oy vz VLA
2T Action . “ 3 iim
’ gEAEm 8, B M_‘: :
| Mﬁ)}@ﬂ) ‘:}‘—i'\l‘-.”“ ‘;J__h ) “--.i--"-stl
J l Deep neural networks ] n W i
Environment
T Observation I

F DA AL 2 S FEERT S 5 T oG IEE N P R RIEEATEE, FIAPEA.
BRVE 7y BCAN B 2R 4




Sd NANTAND

ETRUE IMGHASTAEERAL 95 Rt

UNIVERSITY
SINGAPORE

—6—Deep PDS-ERT (RF/VLC) =@-=Deep PDS-ERT (RF/RF) =B Deep PDS (RF/VLC) [245]
—O— QKT-learning (RF/VLC) [223] =~ Baseline 1 (RF/VLC) [72]
' : 1

—

v

(=
v

HTMEzhSER, Bl SH
RED, mh TEOHAVREEN
FIFSMETTIE, MEEFENE
ERANEITER.

0.998

0.996 ¢

0.994

o

0.992

Reliability of URLLC services

Re: METARR, KRBV o
Bk, | al : o00 L

Energy efficiency per device (Kbit/J)
tj -
o

| J

40 80 120 160 200 240 40 810 l:."() 160 200 240
Total number of devices Total number of devices
HEETEMEE, REEBEAEFEIIREAMEMEGEL
20%F40% A 5 -

1. H.L. Yang, A. Alphones, W. Zhong, C. Chen, and X.Z. Xie., “Learning-based energy-efficient resource management by heterogeneous RF/VLC for ultra-
reliable low-latency industrial IoT networks” IEEE Transactions on Industrial Informatics, vol. 16, no. 8, pp. 5565-5576, Aug. 2020.

2. H.L. Yang, C. Chen, W.-D. Zhong, and A. Alphones, “Joint precoder and equalizer design for multi-user multi-cell MIMO VLC systems,” IEEE
Transactions on Vehicular Technoloov vol 67 no 12 oo 11354-11364 Dec 2018



EURABESEMMSRGS, W5
EDEFFRLBENEMUESALIEE. 5
SINEEEFHFRERRMEMBEENT

*O

AUERARERELES CERITR
%) , actor critic, FEIEHMULIHZE

53585

Reward

Helin Yang, Pengfei Du, Wen-De. Zhong, Chen Chen, Arokiaswami Alphones, and Sheng Zhang, “Reinforcement learning based intelligent resource allocation for

-EE SIREEMEMMK

]

AR T

i 1M
l“l”

: it
it

e

MERAC

- Classical AC |
—— Q-learning

Gready

1000

2000

Number of training time steps

3000

&3 Controller
wm== LED lamp ¢ User

e
s

&

9
&

)

LED

- K
<

4

lamp 1 ﬂ

-
- D

y

o ad NANYANG
« | TECHNOLOGICAL
UNIVERSITY

7 SINGAPORE

-
>

LED lamp 2 |_| | | ||| |_

LED lamp 3 __ [ [ITTTET--
LT

Subcarrier index

LED

lamp 4

[ Subcarrier [J] Positioning subcarrier

An indoor multi-user integrated VLCP system.

i Experience | ¥
: Action a
— replay » Actor
—_ s ol
< on i ¥. —
23 L State s | 7(8,a) " E S
— € B e =
T g VLCP dnvironment » Critic | ¥
—/ Reward r Y

integrated VLCP systems,” IEEE Wireless Communication Letters, vol. 8, no. 4, pp. 1204-1207, Aug. 2019.

Fig. 2. MERAC learning framework for integrated VLCP systems.




3
7 SINGAPORE

TECHNOLOGICAL
E.ﬂ:;‘;ﬂhg _-’%‘-_ > E"sziﬁi ;%f«' UNIVERSITY

Inputs Hidden layers

EFTREFS (N) BENLL, @it
EBFNESRE (d,-d) MNFEFKE
ANE, Balinir Mt E.

FEERARLEDAT# RIS B E
NLZEFZRY ISR

ETREZEINEN, BEMNEFNESE (d.-0) MNREZINBANES, Banmp)L
HMERMEE. FREIBK (KF) ATLURSEMBE.

o

o o '
04} (c) = main . 0.41(d) -
T sl . e B ] * & "
. d:; * o y ,* (,‘)*' * 4 . o o L oi. ol ; + '« -+ o*' d». °
: :y o . &'4-. f T S ST _ 0: . +. F P F «
? He Al B E-0.4 & o+ S g L T
P S = 2% T £ & e T
. %‘ ;Q’_; e Al @ -0.8 %3 +‘_ i ¥ oS BB
. & " 5‘ ” a6 ST & 8 ¥ v |*
§ ¥ 2% A L w7 - 08 & & £ ¥ &
Y PR VT W T 1.2 : ot ’ - - .
¥ o v e e = |2 - e o
08 04 0 0.4 ' 0.4 08 %8 24 0 04 08 08 04 0 0.4 0.4
X (m) X (m) X (m) X (m)

(a) FELA FANNFIKF, (b) RHEANNZELL, (c) REKFELL, (d) FINNFOKF ZE {aL.

1. S. Zhang, W.-D. Zhong, P. Du, and C. Chen, “Experimental demonstration of indoor sub-decimeter accuracy VLP system using differential PDOA,” IEEE
Photonics Technology Letters, vol. 30, no. 19, pp. 1703-1706, 2018.

J—



T e e | ?églm‘gLGOGICAL
B S R & RS o7 s

4 SINGAPORE

1 ETARENERBR. ETAARENTRAABERARBTHREAR:, I
BT IS T R/INE R IR S A E RN — T 2 A B E A R

LED traffic light

Camera Camera W

\am  Frame rate 1000 fps
Focal of lens 35 mm
Resolution 1024 x 512 pixels
- »

LED array transmitting
audio and text data

- s
‘ﬁ ' Audio data | 32 kb/s

Vehide speed 30 kmvh < | Text data 2 kb/s 1

.
o —

T. Yamazato et al., "Image-sensor-based visible light communication for automotive applications,” in IEEE Communications Magazme vol. 52,
no. 7, pp. 88-97, July 2014



v p b i g e AdosicAL
TRREESEALRES 9 heeen

N7 SINGAPORE

2. BT RARKTRERF. FIATRAEKRKTHITERELEZBENRE. FHRE
KPR EBREERIEGELED, 7K LM T & A50Mb i t/FRIBEERE .

(5 s 5 Satellite
UWC 3558 e FRE communication

« HOEISHEIEEE (kopsE)

- FEERTESER
- ERErZAUWCEAR

=iE » WCEERRIEIRA. AR, FEk
- EEESRRIORE
- WIEBFEYES

Surface
buoys
- EEESIKAFRRETEEEE
e nderwater 9 underwater
+ EWAERADLE S ——— " sensor § ¢ sensor
- EfEESE

SIA(RF) - EREHERER

» IEIEERPELEESEESE (FiE100 Mbps)

« HrESRERA. BiEE. FREK

A

01010101010101010101

b .i i
%

. ESERESESE (FAGhps) « FerEs kSR
. FCEWIER . K FIREIZST=E
iR o WIRERRMERE, RV - EBEEERE (L%

https://blog.csdn.net/polyhedronx/article/details/82729766



o ad NANYANG

- m%iE{%SE{ﬁﬁl @ TECHNOLOGICAL

UNIVERSITY
3. ZETAINANZEABESEM. IS, ST+, ATLIFARRXBER
EUANSARBBEESSN. FNBEFREMS.

AEAR/VREFHESF, FTGARIF T LSRR AR RS R B S (. IR
RUERIBIE.

https://zhuanlan.zhihu.com/p/335674444



o ad NANYANG

gcc TECHNOLOGICAL

UNIVERSITY
SINGAPORE

tigt
EERBES




