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Abstract: Addressing the current monitoring challenges in urban confined spaces, this study aims to explore
an integrated monitoring and communication system based on fiber-wireless convergence. By integrating micro-
nano units into a unified optical cable for communication and power supply, and applying multi-parameter
monitoring, a novel solution for simultaneous energy and signal transmission is proposed. The research consists
of three main parts: long-distance fiber-optic energy and signal transmission, photoelectric conversion, and
the integration of magnetic resonance wireless power transfer. Additionally, it includes system integration and
application exploration of these key technologies. Through in-depth research on high-efficiency photoelectric
conversion technology, short-distance wireless power transfer based on magnetic resonance, and the design
and development of a unified optical cable for communication and power supply, this study constructs a
comprehensive theoretical framework and provides experimental validation. This research offers new directions

and practical cases for integrating of fiber-optic and wireless technologies. The outcomes expand the application
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fields of fiber-optic communication and wireless sensing technologies and provide innovative technical support

and solutions for critical areas such as power grids and urban infrastructure monitoring.

Key words: fiber energy transmission; fiber optic communication; wireless charging; energy and signal

transmission

0 3| &

FEHL I S R N v, B A T R ) R 4 L R
BER P, TR . H B0 R HEAS N AE F G
32 B2 ] (4 205 D0 Sl A5 0 R S A O Ha T
LATEAT, WA FAR . AR | Hik 3l .
BHL S 2 S B  BEE, X ERAG R R H
X P A TR R N (=0 W = = 18
FRURE A0 28 W I A i S 300 XU 1 B Isp R 1) 5
7, AFAE SRS 11 15 B AR 11 4% 4 350 28477 1 I i 22 Bk
o TEE AR T A BoE L K | i3 liAS =5 LA
T A 303 7 R A I AT R 2 il 2 B — 28 %
MEEN R, BEE AR KR, SENEE RS
() RGP . RTAE SR R RCR R T R
PR, R R 0, B R ) W 00 3 15 B AR R
T HTRIEST B

BFXF AR AR ), H AT — A 2L
IR Re R AL N . Jeer it 55 RRE—
Tl PO G AT R e R A (L 1) [RI R [0 A4
B AR, T EYIREOCEN R R, ZBARZ
)T ORI Z R, e ptR TR R TR
ENDEL IS, FIADE SRR AL Glaser
T 1968 A4, JFAS 3] TR ) & e . 20234,
Mei & IF R T — RS FOREF L R AR i
HLERIE S G I R S5, 85 10. 9 km FABGEF W3
SCIR T AR AR RE AN . AR, 7R T R

R Z A TORMEOUT, Jtafereid b, Jthe
FAL Dy B RE PR AT A7 A L OTURI L B 55 XU, 45 P
TR R T BRI AR

BEXE A FR R RO ET REAE et RGEAFAE
RMERT, ASCHR T — PP TR R4 Rl & (9
M5 — R R GE, B e Al 4t il & 4E i R
il SCPURE A ATRE AR IR . R GER
FEET W or 2R BABOEEF BE(R 3L 4% | 2830l
HL I B BT R ORI RE DT 1L S RO, %
B T ARGECET R G OLRE L RE R 22 42 TR, 58
BOtRERI CA R RERI AR E . ASCE R
0 % 0 AR AR i — A S AR R TT R, DLSE
R L R A AR E A8 1T

1 REAFFRT

TR M AR A% L A2 BR s ) v, R ]
FE A e 0 2R G LA S BN sk e s R A A . X
RGP K IIE T iR EME . SLdife ot
REAE LA P i aod D't ri e i 2 R B, I3l i
IR B B DO 2k TS L O B A 7R LS MR AL Tk
fefti gt ZREHE Rt e e = R G A
i , S BRI B4 S M 5 T AL R R

R TIE/RE

Fe T LR To Lk Al A 10 W A5 — 1Rtk R GoR
EEWE 1 s,

1.1

LT : T S — !
Vo : o L KR
CLEE ] ] s || SR e | el |
Vol ke T N | | %A T I :
: 1 1 : 1
! Slm § I % :
1 ! AR
| sz (6);ﬁﬁﬁm$2 X e |
: L ¥ | !
1 1 1! 1
| | H R || (b rsl |41 [ ke ||
: . : o0 [ 1 : ik ]
1 1 1
1 | 1 ! 1
| Eaadmsay ! | L T A I S o
H1 RAXERANENEE—GLRETER

Fig.1 Integrated monitoring and communication system for fiber-wireless convergence diagram



CREE 169 WD

FTOLL LR G a5 — A R G Gk 6% 3

F G FE R AL B g | 6 -ToA L RE Y R
TG T 3T =R 2 A 5 Ak B i 2
A JBR R v I 1 R BT RO i e T B8 2
Hh e e M R A8 P Dl - TRk L RE Y A
LRI RERI ML o i = AR DL LR S
G 3 A BE A 2 I AR R el AR AR B AR HA
S © 7[5 B ) A T2k A i AR e R
PRI PR A 24 B L R R P 22 e xR

FE T4 B - Jo A FBE T AT AL R D S
fr . InGaAs JEHL | JE-JoZk AL REE BILIAC | JoZk
HLRE A SR8l | {5 5 b B AT LA e R A 5 4%
WeRE B . LR MR O RE R AL N HLRE , DL-TJoZk
FELAE B TC R B R T 3R B B B AR R JC 4k L fiE
WA R B AR AR OICE L e fe K D)% . G
AR AL AL IR [P R0 . E-JCZk AL RETY
SR BOTRE R BT R MR T IR Ah e
SAFEIFFLIEHOLSE, W ANIE 2 FR .

[—J‘ﬁfcé;% MLAETY

iy

(a) SL-TCL L RE 1Y FR IR

(b) JE-TEL L RETT R SE

2 TREHME

Fig.2 Schematic diagram of the node structure
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Fig. 6 System test block diagram
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Fig.7 System test experiment
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Tab.1 Optical fiber attenuation experimental data

AR /km WAIIR/W R/ W ZEE/dB
0.5 5 3.57 1.46
1 5 2.53 2.96
2 5 1.21 6.16
3 5 0.57 9.43
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Fig. 8 System wireless charging efficiency test
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Tab.2 Wireless charging efficiency test

WADIR/W IRV IR/ A R/ %
1.69 3.54 0.32 67.0%
178 3.87 0.32 69.57
1.90 4.19 0.32 70.57
1.9 4.51 0.30 67.99
2.09 4.83 0.30 69.33
2.03 4.94 0.29 70.57
1.94 4.95 0.28 71.44
1.85 4.95 0.26 69.57
176 4.95 0.25 70.31
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