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JC AML FSO/RF 1R & " 4k 5 1A% Ty 3 R AN AL 7 12

B OALEFEFELE L, E OR,RER, BEHB, RGHL
(1. BE TR 5B 50020, BEE 154 710077; 2. 1 E R ZE 93658 #FEA, AL 100000)

¥ E. 43t FSO(free space optica) 4% % F= RF(ratio frequency) 4% % % 8] 18 13 1% & R K B A & &9 Ho &
SMPHIHTT RABLIRSKE TR, BT RANE B E R KEZ/HM (FSORF) &
S P skERERRERLTE, ARPAFE REKRSFREABRLAMESZALY R, 2T
FARF 4k P VE 49 FSO/RF A 815 TAHARBER RAT —FATRAANG EZRT L H9 F
BRAMKAE A, AR HE LGB RN B SR MK, RIS AER EA S &AL B R B AT
K, T RE AL E T 4R 564t ik Rk AT o AT, 25 R A, R LJE A 1.7 km B, FSO 4& %% #» RF 4&
WK B ik, TRAEAEE T X T R-TFHERRERT 4475% 9425, A3k o F 4L
A ST ik 4 96 T 35 38 43 3k BB A 32.5%,

X429, B B ORB SRS R AL AT AR B A B A RAL sl A4S ik

B 42 S: TN201;0436 THEkFRERE: A DOI: 10.5768/JA0202344.0508003

FSO/RF hybrid link transmission rate optimization method through UAYV relay

SHAO Long', LI Yongjun', LI Xin', WANG Meng’, SONG Xinkang',
TANG Hanling', ZHAO Shanghong'
(1. College of Information and Navigation, Air Force Engineering University, Xi'an 710077, China; 2. Unit 93658 of
PLA, Beijing 100000, China)

Abstract: The UAV free space optical (FSO)/radio frequency (RF) hybrid relay-link transmission rate
optimization method was proposed for the mismatch of communication rate between the FSO link and the RF
link, and the problem of communication service state change caused by ground multi-user movement. Taking
user fairness, minimum quality of service and total UAV power as constraints, a free space optical
communication/radio frequency (FSO/RF) hybrid communication downlink model through UAV relay was
established, and a joint optimization algorithm based on UAV dynamic trajectory and transmitting power was
proposed. Using successive convex approximation and Lagrange dual function method, the original nonconvex
model was transformed into a convex optimization problem for solving. Analysis of the link transmission rates
at different visibility levels shows that both the FSO link and the RF link reach full-speed transmission when
the visibility is 1.7 km. The proposed algorithm has a 447.5% improvement over fixed relay and a 32.5%
improvement over non-power optimization algorithm link in average communication rate.

Key words: free space optical/radio frequency hybrid link; convex optimization; dual problem; joint

optimization; communication rate
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Fig.2 Schematic diagram of beam offset between detector

and signal light at receiving end
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T U A5, BIVBR i IS AL 20 H P22 ) ) %
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HR R 2.2 F1 2.3 H G B e LI Ak b R AR
W oPRIATER G Ak . 56 1 B SR YR
S PO A B AR S X, YO, b 5 2 AR
HWTATFH P I AU R AR R A 5, 0, 0},
IR H 2SR TC DU EARARI LD = X0 + 60,
YU = yO 4+ g0, gD = pO; 55 3SR 1B oR
(A B AR B AR AT A7, SR TE AL 53 D1 R 1 fe A (B
{py R LR 3 AP IR, BRI EGE B AR
SR BB AR . ARSI A R 2% S B O vE
G54 AR A AN B HE R O A R, SRAS SRR

I NO(n, V2N +6(n% + 10N +68)), Horin, = N +3.
B 1R,

&1 BEAERE
Table 1 Flow of algorithm

Algorithm joint optimization

1. Define the accuracy tolerance o . Initialize power{ piol.)}, set

initial location{x,(,o), yf,o ), h,,},iteration number t=0

2. Repeat

3. Setp= pfj)., solve problem (19), find the optimal location

)
coordinate increment parameters{6®*), ), 0}, update location

coordinate X7+ = xO 1 50,y 1*D = 0 4 o0 Rl — O

4. Find optimal power { pfj,) }, update pf{’:.rl) = pfl)
5. Updatet+1—t

6. Until the objective function converges

3 HEER
3.1 BHEE

SRARUETC AL AT HLIE 50 5 F W 5%, 1 b
Il FH P LA [2500, 0, 0] S &Gy, FE2F42 28 500 m A9 [
Jizsh, ZHOEME 2 PR,

=2 BHERE

Table 2 Parameters setting

Description Parameter Value
RF link parameter C, D 10, 0.6
FSO link bandwidth/ MHz Brso 10
RF link bandwidth/ MHz Brp 1
Max UAV power/ dBm P 10
Users number N 5
Convergence parameter o 10
RF SNR/ dB Y 80
Probability of LoS link Pros 0.9
Wavelength/ nm A 1550

32 ARESHTHRFEERR
Py B AR b, TR B IC A ML) R (6 1Y g

RO A AR UL . AR SCAE BB I IR e A, AR
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I T NHLBE AP A IR o AR SCHR 318 0 FL 45 2R A0
T W R E A B, i A5 RAED], T E R
F b s REAEF- R0 r E AL AR 5 TR g
DL Y e BBORR A9 22 3 (7) A ] 1) i DL B A A 7 1
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Table 3 Average transmission rate under different visibility

Visibility/km Average transmission rate /Mbps
0.4 1.143
1.0 19.665
1.4 35.958
1.7 39.291
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