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Dual-layer UAV-assisted Edge Computing Offloading Strategy Based on DRL

XU Fei, YANG Xue, ZHAO Qian-Ben
(School of Computer Science and Engineering, Xi’an Technological University, Xi’an 710021, China)

y
Abstract: Mobile edge computing (MEC) has gradually become an effective means of alleviating data overload.
However, in highly crowded scenarios, edge servers fixed on base stations may fail to providéﬂefﬁcient services due to
network overload. In view of the communication demands of low latencyja dual-layer unmanned aerial vehicle (UAV)
with high mobility and easy deployment becomes an ideal choice fbr task offloading. The top UAV (T-UAV) equipped
with computing resources can provide offloading services for the bottom UAV (B-UAV) capturing the on-site scene. The
B-UAYV equipped with a shooting device can cheose to perform local computing or partially offload tasks to T-UAV for
computation. In this study,.a dugl—layer UAV-assisted MEC system model is constructed, and a new offloading algorithm
named deep deterministic policy gradient offloading algorithm based on composite prioritized experience replay (DDPG-
CPER) is proposed. The algorithm comprehensively considers the continuity of decision variables and optimizes the task
execution latency under constraints such as T-UAYV resource scheduling and mobility, thus improving processing
efficiency and response speed, so as to ensure a real-time viewing experience for on-site spectators. The simulation results
show that the proposed algorithm exhibits faster convergence speed than baseline algorithms such as DDPG and can
significantly reduce processing latency.

Key words: Internet of Things (IoT); mobile edge computing (MEC); deep reinforcement learning (DRL); unmanned
aerial vehicle (UAV); computing offloading
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ettty BRI ARSI LUK UAV #5058
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S 0 25 R 5 B 2 S T L) 2 ST MER IR A AT
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B MEC RS SE 10 @, (X TAE gl s Al
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TE R MEC M5 B Bhis . & Rt L Teik
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DRL i R E ML 4% (deep neural network, DNN)
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RGN T R, (LTRSS 4 B0, B BAES
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T PPO B3, & T B B2 a], 7E— e B R,
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g2k TT N, PRIEREANI BRI B-UAV #AE3R
P34 T BT R R A A . B T AR AR i R ]
ez B AR s, (Rt e 2 (2) o

Pupgi (0

o2 + fi (i) PNLos
Hrb, BIAFE B-UAV HI T-UAV Z A5 53558, Pyp
N B-UAV I ALEEFE ) FALTh AR, B ThR o2 KR,
IR 3 4 385 B AR AL EE. (non line of sight, NLoS) &% 1))
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IR sh i, @i Bt Sk B-UAV 8. T-UAV #3)
PR IR 40 L LUR AT AR = B-UAV 78 il A i B A
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K
Zak(i) =1,Vi (12)

. k=1
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q(@) € {x(D),y@|x()€[0,L],y() € [0,W]}, Vi (14)
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BEB-UAV Al T-UAV HESrERLE X R 3). 2 (16)
%R T-UAV Hl B-UAV 2 A [FERS 00, SR A2 (17)
ik T-UAV 15T A I BB BEFEAS 23 8 i K H it 25
. 3\ (18) RNEEEA B AN T B-UAV 7 %
SERUIATES R/, 3 (19) RAREA B-UAV KITHREZEIR
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3.1 DDPG-CPER &%

DDPG S [ 2 56 [l O A BEATLRFEN), X i
Kb T BT B0 FE A H B 2 555 agent 52
(RS, A Bl v 2OF) FH e S 1) 48 36 R A LI 3
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AR BE R RN (BB HRE AR T BT FEA ) TD-
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B S B R A 5 0 2 56, L B T HA
SIS FEAR, [RIRE ROZ A i ROF L R, AR SR T —
Fli4 5 DDPG-CPER W 5HIE, ZHIELEEHE T TD-
error {B /51 1 22 56 A 57 B 0] AR /5 10 28 56 3 Fh o7 Ak 4
b5, K H B A ARFAAENLH]. 51551 DDPG HikAl
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( Wic%% )

’%ﬂl%?fr %Fﬂ%fféﬁr
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otk — A
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T EL KK K DDPG BiEM L, fE] Bitm4
SO REAR IR 2, FE R 2 U SIoR S Bt 2555
FEIX AR PEAL FE AR, AE8 B i K & ik B-UAV A
FE. T-UAV B sl IR IC, S SEILRGilT 2E 1)
H/Mk. B 2 y DDPG-CPER #4844 &
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BRI

%éﬁﬁ%ﬁ O M

®

Os;» a/0°)

Critic online CJ

od 2%

I \

78 Soft Tt Soft T
[ , w(s) O
Actor target '_5 X R Critic target §-{] &
RS T — A ‘ LAY WS
RE&L ‘
AR Wiy R
(Si, @y Siays 17) -
21 L> " .
o EEEaaEEm YD)
2 T )
ANHEERE AR I K4
K2 DDPG-CPER HiEHELE
. . k() + k(j
DDPG-CPER Sk L3 F. utty = "EO D @)
1) 1+ agent 7F 4 FIRE N B TD-error: R X o
(1) i3 ag *® @) A K
Or = rea1 +YOr (St+1,ar4+1) — Ox (81, a1) (20) w o - 1\
;H\:EF, Qn(st,at)i%ﬂ—_\‘ agent E%ﬁﬁ%&st?*ﬁﬁ%%ﬂﬁ Yk = (M(k)) (24)

B Ea, J5 1 U R OH A
Or (s1,a1) = E [rs1 +¥Qr (s141,ar41) |5 = 5,0, = a] (21)
(2) s S 3 R AT B 40 B 1o £ 5 A
TD-error FifE A B B2 ’
Yi=r+e
{Yj =0+ ¢
b, Y ZOR G AL H AR AR HE R LB K, YRR
LIS AE TD-error SRt IIIL e K. BIFEARLE MR
BN RHBNE J5 3R1F AL B B R R 7R A, . e FITE R 2
TR S B e AR IR .
(3) & B A 43 ) 44 B A 37 BRI [l 4 b 7 1 R AR
SR Y, A TD-error Atk o AR S 4 Y 04T TH T HE P 15
2| rank(i) 1 rank(j), FXTE AT E A FH T

(22)

Hor, %o F T S AR e 2 AR G B L)
HUEVEREINI0, 1], Ha = 038R 78K FH 5 5 R 7 .
(5) & URFEA I MR N
Yy

2 Y

(25)

Ho, n AR HIECE.
3.2 DDPG-CPER H# &%

£ UAV B MEC 375, % B-UAV Wi,
T-UAV W3 AT BAT 5oy Bo gk AT T BCE Ak, %

FI RL % 2GR A AT T, RS 22 8] T 2o 9.
Si :(Ebattery(i)’ C](l)’ pl(l)’ ) Pk(l),
Dy(@), -+, Di(D), f1(D), -+~ fie(D)) (26)

HH, Evavery )RRTES i BB T-UAV (¥ 4 i,
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Evatery ()7 T-UAV 7E55 i W BUITALHIAL B, B T-UAV
K55 () B-UAV k 7ERSBR i AL B (S BRI Np (i), &
GuATy 5 56 I T R AT 5 B R IR N Dremain (1), B-UAV k&
P93 (4T 55 52 Dy (i) A2 BE AL AR ), A R AR fi () 18 5%
B-UAV k Hl T-UAV Z[A] 1) Jc 218 {5 4 #% 1 v] FH 14 0
FasE vk, AR A 15 5 BRI RIS .

Agent FRHE 2 HRAS AW 52 2 1A BEE BB E, 30
VB2 (8] ] AR AR A

a; = (k(,B),v(),R (D) (27)

Hrb, k() € [0, K17~ T-UAV 2 48E AR %5 1) B-UAV %i
=, B(i) € [0,2rn]4 T-UAV £ KAT I BT REEIIA 1) f FE VT
Fl, T-UAV {47 38 & AT 55 1 5080 48 L 3R 43 391
v (i) € [0, vimax J IR, (D) € [0, 11375,

MRPEE A H AR (10) 7T LAER 8 22 il ok 5 i R :

ri =7 (5i,0) = —Tdelay (i) (28)
Al

1, Taetay (i) = max {fiocak (@) buav (). 1 ()

N T A RO 25 DNN, f AR AS 13— LRk
W22 2 (IR A5 34T TAL B, 4R )5 ¥ H 15i% 5 DDPG-
CPER #1#k 5%+ . DDPG-CPER H#IE A VAL AL 1
F.

#3%: 1. DDPG-CPER 4% 532

1) Require: &2l %5 Episode $t E; i FEA SR E 1, Critic 4% %
2 Facrie; Actor R 2] B cor; FTHIETy; BEEHTH Tr; L5010
K/INByy; mini-batch K/ Ny BA YA pe=ng Mk o j=0 R T 73
AT RS n

2) 53 BIBEHIFT 4L Actor %64l Critic 4502 AL T

3) WIaAk Actor H AR 4% IR : 04—, WIUAAL Critic H AR %51
BUE: 0202

4) WIEA A 5t

5) for Episode=1,2,-,E do

6)  HIUEM T-UAV 4B MEC R4 HSH, SFFVIMEIMMPIRA 5
7)  fori=1,2,+ Inax do g "

8) HRIGHA I SEIERR R BT T, R s, 0 — 1L s, BN s

9) N Actor M2t AIZH 7RI 25 TR 75 - 0 =min(max (u(S;|6)+
nj,—1),1)

10) agent AT BN Ea;, 19 3 Bl A5 48R & s, H1HE TD-
error

1) I ZIRPIRS 501 V3 — HO B 11

12) if 256 M A7 f# 25 [H]F 4 then

13) FRETCER S a,r,515 1) BIE B 0B,

14) LA B L IS R Yi=r+e DN B RBEATHEFF, 155
rank(i)

15) RISy =101+ AT WKV, 1521 rank())
16) Xt &I AT B A F BT 15 Bluh)=rank(i)] rank(j) Bt

HARIR LR =1/ wk)?, BIRFEEEP =Y, 3, Vo, o e NE
ESYiEYgE]
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17) else

18) VAREZE P RAEHUH O m 1) 55 0 42 56 3717 it B 2258 [ i
By,

19) end if

20) MG B, T, WA R PN LR RE AR a0,
§je) V=120

21) PRI O f: yj=rj+v 0 (Sj1a (Sj110 ).602)

22) IR MR R B Critic 424

L) £ ((melsiaso?))
23) MBI Actor 1%
24) BT Actor A Critic &Y |
25) end for
26) end for

e

L

3

4 A FLIAN M
41 HERE

1F UAV §iBh I MEC R4+, e T-UAV R%
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