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MG B R A BE , LT AR P RBGE LA FHRM R DR, ALAIGE EFEE
A e F 42, R A AP(Affinity propagation) # £ F %, sF 3@ A F #4575 45, % A L P 69 RANE A 7
B A A 01 % & A, K A 35 A M % (Dynamic programming, DP) 3 i # 47 R ## ; i@ i i 14 F %
(Genetic algorithm , GA) K XA K ATHE, 5 AL R AN, KX F 2% A XA PR #E K
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Aol-Based Algorithms for UAV Caching and Trajectory Optimization

ZHOU Xiaoya, ZHU Qi
(Jiangsu Key Laboratory of Wireless Communications, Nanjing University of Posts and Telecommunications, Nanjing 210009, China)

Abstract: Aiming at the problem of information freshness in unmanned aerial vehicle (UAV) assisted
content distribution system, a UAV caching and trajectory optimization algorithm based on age of
information (Aol) is proposed to alleviate the problem of long time unanswered user requests in hotspot
areas. The problem of minimizing the average cost of accessing the requested content for all users is
established by optimizing the ground user clustering, the UAV caching policy and the trajectory within the
limited cache capacity and coverage of the UAV. The radius of coverage of UAVs is used as the radius of
clustering, and the affinity propagation (AP) clustering algorithm is used to cluster the ground users. The
UAYV caching problem in this paper is transformed into the 01 backpacking problem, which is solved using
the dynamic programming (DP) algorithm. UAV flight trajectories are solved by the genetic algorithm
(GA). Simulation results show that the algorithm proposed in this paper can effectively reduce the average
cost for users to obtain the requested content.

Key words: unmanned aerial vehicle (UAV); caching; age of information (Aol); trajectories; low altitude

intelligence network
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YIFF 2K . B ahil 2118 (Mobile edge computing, MEC) $ R Y H B, A 80 2 T Ll 77 R % = IR 55
o E P BT, S P SR A B R A A IR 55

JE AML(Unmanned aerial vehicle, UAV)HL3 2 & , 7T 45 6 M 58, 8% 712 A F 45 225 22 4711 fg
W35 R G . SCHRL 2175 8 T A JC A L% B 3l 15 A Hb T W9 45 9 28 38 A5 F 2 A7 1 5%, JE AHLAR it 22
FE LA /D IR 41 €, 9 HLE Mg a8 T8 S0 He J0 A ML [l FR 4% B, 3 3 6 & DL A ZE A7 R TS ALY TR
RN GE RK AR Mot P B Nk . SCHERE3 IR OY T B B AT RE 1 0 T A ML e 5 I 4%
Hh, 6 2 8 2 RN B R 43 B T I A4y I R I T R B 5T (Quality of experience, QoE) (521 , i
FE T T NMUERE G A7 T AT P OCHR B A DL Ak 1), DL SR R A i 1A 58 3 £, 38 o 24 3 WA
43 (Mean opinion score, MOS) #E47 ¥4k o SCHR [ 4 15T % Jo AN AL A Bl I 28 v )9 25 AT BE 9 B 28 93 A R AE
TR FAEACLL K P R 50 25CR H  B RO AR TR N S CE ik . SRS ) DA iR KAk
Mg rnk B Hbs 42 1 T — B G I AL ZA7 5 B Y TR, X N 2SR N 2 40 A R TS N LB R AT
o, WA FHEWR T RANEE) D2D 53 M4 b T AN E A fe . SCHk[6 15T TR 3 M4 Tt
NALGEAE A D2D A7 B 28 A7 17 008 RN BE 5 1) 81, 2% 1T Jo A WL Fn b i P i R sl ik, D KRR
FE B A ki . SCHRL7 125 8 T B D2D RS2 A7 58 19 JC N HLE A5 P 2% 38 o & VR 2R A A T3] N 2
LR (Content providers, CPs) 20 sy B, Hovb A5 17 1) 2 ] LG i D2D B 38 3 N 25, DA T FRAIG P9 4%
&5y A FAE IR | 2R Lyapunov A 4632 8 1 3 A5 18 1 JC AL BL SR G, 5 R AL REAS CP A B I 25 A1
BETRKYTF YA . ER SRR I AN 5 WA — 23 5 rh 5] AT MRS, SCHik[ 8]
R T —F LR 2 AN S G B RS, 5 8T A& N 25 10 sh & 48 4k, i o 36 A 4k
ML E N TR, /MBI R IE . SCHRL9-10] % & TREFEA R T, 2 B ANUT S5 HEMZE 1Y
AL . bR SCHRERE 5 8 T RAAMRE T B AN RG ik & 0 2E ok % BEFE W &2, IF R % 1B (5
BARRE

15 B (Age of information, Aol) B i iR 5 12 18 e B2 32 30 % J2 48 15 2 h o = Ak 2 2K
i P B ) 221 I A A B I e SRR [ 12 JRIF 9 1 Rl IR i R A i 2 RS R 25 B A R e
B A5 BB R A5 2] T A B R HEBN R G P Aol iR TE 0 SCRk[ 13 14 £ Bk 13 5 N 4% 8] A9 3 15 1
TR AR — A M/M/1BAF 0] B, 25 5 32 B 24 40 d i B0 B e, R G809 R R & T B, 3 Aol i/ .
SCHRL 1A 48 T — Bl B iRz 55 2% BB 3 oy A 80, 418 g 1 B i) 4 A 2 R 4 i, 88 Aol 1 S 3 68 B 4 A, i3
— A AR, DA R Pk R R e R 2 [ 0 R ) A 2 SR e Y R T I (A SR W T LA R 4 I g
B 2 0] B4 . B AN R AR B AE B AR A S S5 B R TR ASZ P Z N
FEHEAE A Aol 52 W) 119 28 A7 537 (] A0,/ # UE B 1 9% ] 82 NP-hard [n] 8, 88 )5 4 5t — > 0T DAAE /D RS
Yy T AR A% S A 0 B B M o 20 Sk [ 16 100 FH Bt ATL L Auf 0 HE B 338 2 57 1 — 4~ BT Ag s ik 52 3 3
A HE R WP 2T M A A B A R L FEREALE AFAE SRR L SR T P O I Y R RO F 4 i T o
TN S Aol iy Rk . BeJa , FI A KK T (Karush-Kuhn-Tucker) 5 5 ¥ 1& 7 — 4 e /MBI {E Aol
B AR AG TR, JF 3RS T R R A2 . SCERL 17 )0 1 e R AL 22 A i v 25, R 20 25 181 i 48 1) 44 3 [
R AE Z B a2 i RSB [ A R B AR T — 3 TR B AR A T B AL, DR A
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PARE/D2D & A, I R £ 5 A 2 i 8 (Multiple-input multiple-output, MIMO) 4 AR | DL KA 1%
i A R B R It 0 B B R R GE AR . B Sk rh R 22 ) i AR N BA 4 [ R R & T
LA B A58 15 7 g8 P A5 BAR IR T A0 RGEPERE RS2 .
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BRAL R 53— 8 s, AUl 2 P 5 SR AR SO TN 28 T BB 4 s T A BIL A 22 A7 23 (R R) T8 0 AS SCAR i JE A HL
PR3 AN A, SR T — R TTE AR IR 0 TC N AL A RIS A 00 A B 1, Ok A R o T 3l AT
1 G A7 25 (6] A PR A9 T AALER HE IR 55 B B0 L Bir A P SR IBGE SR A 28 - S AR e /MG R TR) 8
FH P BROTE ALY BT 35 2 A2 R AT 20 7 L 0 v o2 ¥ B S JC A HLAS A5 o2 ¥, 36 ek 000 A JE A HIL 1) 92 A7 SR s
BOE T A TP BT SRAF BN A . AR SCHY EETTER B A E

(DT LR PP B S ME S B RS B9 T8 AL 2543 KA AL, Sk 4835 A% 55 (Affinity propaga-
tion, AP) SR A H P H P o3, JC AN HLTE 3% B Ak B4 AR N T P 5 8 AL AT 3l A5, 4% BRIy 2 ik
(Frequency division multiple access, FDMA) 8 75 U IBOE 3K 4 75, Bl J5 JE AL IR 050 %8 B A P i
SRIEAT LA o

()T T P AR A3 1 R WA AN S B 608 TC AHLGEAE FIRGE 1Y ¢ 22, 7E D AHLAEE 5 2B A2
AP AR L T P S A SR /AN B DA T) BT, J8E T T 80 43 A Sy A T N B2 A7 K Wi
DL R e Ak 3 A 1 10 88 43 1) oK A

(3) ¥ T AMLEL w5 L AR U4, R T AP SRESE BT A I 40, RAS e 45 3R ; JTC A LS
7 0] LB 4 i O 5 A 1) REE , >R T ) 285 030 B 0 0 2 A R W 1A A SR 5 3 i 38t A% B vk A A TE ALY R AT
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1 AEHEBSEBET

L1 REHER

AR RGN 1T~ , B — 4> Hb 1 33 (Ground base station, GBS) , 28 ¥ 0 Zps» — 22 ELA
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6] AR & 3, FF IR 23 1 R BT 3 M, ol 1 42 i 5 3l T 0y, R s 245 2 7 68 0 19 TG A Bk Jifi Bl b 1
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> x fei A 2% e e a 2 —_— —>--
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JA , BRBEZNE RS, T RN A A K Fig.1 System modeling diagram
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L BEAR P AR SR A R AR M L T 4 TC A HILAE SR AE AT R A5 i s I | B AE R B T A HLAT
ROE R N P SRS E L T L(PD) T LR N

P1: min C;
M

it B AR S |
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R SCR AP B R PLAEAT SR AR . ARAE P 2 AL s B 5 B PR (DR (4,5),
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(1) fori =1 : size(r)+ 1do

(2) forj=1:S+1do

(3) Fe I (12) @ RE B R dp
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(5) end for
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