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UAYV Computation Offloading Algorithm Based on TD3

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

Abstract: Unmanned aerial vehicle (UAV) is equipped with an edge server to constitute a mobile edge server. It can
provide computing services for user equipment (UE) in some scenarios where base stations are difficult to deploy. With
the help of deep reinforcement learning to train the intelligent body, it can formulate reasonable offloading decisions in a
continuous and complex state space. It can also offload partial computing-intensive missions produced by users to edge
servers for execution, thus improving the working and responding time of the system. However, at the moment, the fully
connected neural networks used by the deep reinforcement learning algorithm are unable to handle the time-series data in
the scenarios of UAV-assisted mobile edge computing (MEC). In addition, the training efficiency of the algorithm is low,
and the decision-making performance is poor. To address the above problems, this study proposes a twin delayed deep
deterministic policy gradient algorithm based on long short term memory (LSTM-TD3), using LSTM to improve the
Actor-Critic network structure of the TD3 algorithm. In this way, the network is divided into three parts: the memory
extraction unit containing LSTM, the current feature extraction unit, and the perceptual integration unit. Besides, the

sample data in the experience pool are improved, and the historical data are defined, which provides the memory
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extraction unit with a better training effect. Simulation results show that, compared with the AC algorithm, the DQN

algorithm, and the DDPG algorithm, the LSTM-TD3 algorithm has the best performance when optimizing the offloading

strategy with the minimum total delay of the system as the target.

Key words: mobile edge computing (MEC); unmanned aerial vehicle (UAV); deep reinforcement learning; computation
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4 LSTM-TD3 1E45H#H %

5T EiX MDP H#49 &, $#&H LSTM-TD3 4£ % !
BB, A LSTM X TD3 ) Actor-Critic [F£% 347
B
4.1 LSTM M4

235 NN B MEC RS HTICEEEI
FEA K B 0] 5 5, 7EIE SR B, 7 SR AS
AP 2% M uT T AML AR R 77 A 5 ), Bk 520
— I BRIE AL PIR A R P 5, 1 SR 6 A 7 50 258 gk
A5, B REARTE M BTIRAS RIS B AF vk, 24
1M % 48 DRL 3% Hh (1 4 % B b 28 0 2% &5 R AN R L i
{16y Ak B 1] e 70 B3040, T 6o I SRS B )1 R 3 A, I
SRR 22, DR L 75 BT SRV 1) I 4% 8 A T gt Al Ak

KEE I IZ M 2% (LSTM) I FH I 145/ 55 B AT
TIEFEIERN, BN T AEMOIRAS, A 6 A TR R ik
MR A B, AT 8 4 b4 $E A0 A T B 18] 52 51 B0 405
R e R Y. R, T AR R IR B
LB 1) — R BT [A]AH M ECHE, LSTM RE 6% 18 i $2 5L
R B 2 Wi B B e ) D s BOE R IEAE R, A RVR R R
Tk B AEZThBE, B RER R Actor-Critic W44 it i I FE
ARHHE 1) YNGR R R P s 450, DLORIETE 4 Atk
AR S A R PR

LSTM (1) 5] NAMY Be 5 4 v S0 7200 45 B8 44 (13 )1l 5
BOR, A H AR RS PR R R G TS SE R BERE. [
I 0 AMLLE R 28 PR 55 11 3o 2 H e 4 31 1 K AR AR 0,
BT & LSTM 75 K & Il ZR 30408 (14 s, DRtk mT )
FI LSTM S TD3 5595 ) 19 4% 45 K AT e ik, AT i ok
AR B S 1 81 ) AL
4.2 ET LSTM MIZ#i TD3 &L

(1) Sk 2B AE A

SR 6 W P PR A B AT T o, B T
3 S A, SOk R A 2 SR (B s, ay 7y Spen £
Hoh, £, RBIEPATIE o, JFREFIE LIRS, hlA
¢ IR, KR 11 sk s

hl: St—1, Q115" 5 St—1,01—1, lf l’t> 1 (19)
! s9.a0, otherwise

Hor, %, a° AR &, AR 5 I R A &
ANBAE 1] B R A — B 4 P SR A E (=1 i, sk
BAER 12 (s, a,) ZHEUEE XSG, 75 000 77 sk 504
R ZEAE R AU )
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(2) Bt LSTM-TD3 [ 4% HE 48

ASCHEH ) LSTM-TD3 5755 N T LSTM M 4%
XF Actor FI Critic WZSHESLHEAT T B0, $2 H itz 52
B2 ] LU g sk B 2R 47 AR R, T2 HUN Actor il
Critic P48 A 2 1) J7 SERHE(S 5.

(a) Critic P Z5HELE

Critic P4 1] LU 12 G IZIREL O™ Ht, a7
FRAEFREL O° BT AR A& O BT R E &
PR, Skt 3 R

I
I
|
||
|
|
|
|
H
I
|
I
I
I
|
I
|

> ReLU activation
% : Linear activation

[><] : Concatenate
| FC PRSTEr sl
B 3 Critic P4 HEL

O(ss,ar, hy) = Q™ - Q" - OV
= QM(Q™ (Yo Q% (sra))  (20)
Horh, ORTEEBRME, 0™ RACIZILURLS, H LA Al
SN, FIF LSTM 2% J2 S HL 75 s 00 o A 6.
O°F R T2 R XL PIMEL 10 24 B R AE AR N 25, D2
AR s, FIBIAE a, AN, SRECH AR A RIS 1R 16

}

}

|

}

:l*l ety X

| | |
ht[=(st*l’ :ﬂ,,l,'/,/st,l, aH) : H%:

| % |

] | |

[>< : Concatenate

AR

r
|
|
|
|
|
|
|
|
r
|
|
|
|
|
|
|
|
1
|
4
|

(3) LSTM-TD3 $iEHELE
ARCFK A TD3 Bk Actor AT Critic P 48 HE 22 3k
T tith, FiEE 5 —%F Actor M4, A5 41T Actor

fIEfE 2.

(b) Actor M £ HESE

Actor 2% [ F: A DLE AR 2 i 2 42 L 2™ 5
TC, MRTHFIESR 2 AT AR A 2 B T TR R
HEREC

n(ot,hf) =" . g Pl = npi(nme(hi) onfo))  (21)
Hor, 7™ T 7 s B nl i Az SR BN 4%, HFR
LSTM X} A () J7 S E s #E AT R fE SR, (2% S5H 5
Critic ) O™ H.7oAHAL.

2 R T UL 0 4 R AE SR 4%, DAY
HRES s, MIBIE a, JofN, $2ICE ARSI B 1%
(REISY

M HELL ANl 4 Frw, 55T Actor (2%, 7E 1T 4L
P A HERT, L IZFREE T 2™ R LSTM X 7 52 £ 4
REEAT RO B, FREURRAEAS B My, A0 R AR 32 R T
7 G RRES s, FIENME a, 4T A0 B, SRBURFIE(S B
Cri PI/NFRFAESEEL R IO B PAFAEAS B My AT C A E
BB NS ot 2 N, 13 31 &B1E 7(o,
by, %FF Critic W%, i IZHEEL T O™ FIH LSTM %t
P SE A R AT RO BE, SREUVRFAES B Moy, 4 RTRFIESR
B O X Y BDIRAS 5, A Actor 4845 3 (I 1E (o,
by BEAT RO, SREUVRFESS B Cop P ANMFFIESRHL ST A5
FIHIRFETE B Mo, M Coo AHBEAE IR & H 7T
O [N, 1351521 Q 8 OCs,, m(o, BL), hL).

% : ReLU activation

% : Linear activation

K4 LSTM-TD3 Hi% M 4 HE 5L

W 2% o A1 H & Actor 4% z'; PHE Critic W4, &
Critic W £% 4 & — /N 24/ Critic %% O, 1 H bx Critic
% Q.
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(a) Critic M Z&4t4k

XFF Critic W24, 5445 Critic %% Q,e{1, 2}l id i
IMEETHTINEZS O, MTE AR Q 1E O, HIFT7 1R 22 K XTI
2 SHOHAT R

. 2
TE 1l s1.ar.501.50,)Y,, (e~ Cra) (22)

H#r Q1 Q. H B ¥r Actor %% z'F1 H % Critic
W% Q7 Fe R L [R] wg, HAEX Critic W& H, EHL Q
E/INB Critic W28 34T HAR Q (A RITHE, A Bh T 5
O BRI S A TR e L, BAR A SR

Qu =ri+yx(1=f)x min O (siv1.d' ) (23)
Hor, a9 Actor 4% m FEARTS sy RIS B AL, | B
320 B AnshfE:

a =7 (541 ,hiﬂ) +&,& ~clip(N(0,0),—c,c) (24)
Forb, e NENEWEE, AL AR s, B 7 S AU,
N (s, a) BT B EHRSE S, HoE SON:

B, = (hi = (sm1,a-1) U (srpar) (25)
(b) Actor M Z&lifb

Actor W %% DL I KA 24 Critic M%) 7L Q &
SXT H prxf sk g 2 B0 AT ik, A Mg O T LA
% Critic 2477 M2 TR —

maxE ) v O(s;,m(ss, hh), il (26)

ARSCHH LSTM W 2% Sk it TD3 B Actor
AT Critic #1284, LSTM 1] LB 4 Hb b #3% B2 6 [7] 3%
SN I () 7 74P HOHE, AT {8 Agent BE 8% 5047
HEAT R A0 PR 3R

[F] i, LSTM-TD3 532K B 1 8 37 (1) S ms %) H
PRI 28 SHOHAT S8, E R 7 N T

62 — 69+ (1 -1)6¢ 27)

¢ — 0 +(1-1)0" (28)
HARRARIEE 1.
% 1. LSTM-TD3 $i%
BN BB K, FEAKEE N, %25 a, f o, HTHIEHE T .
i TN AT A BG), RS EE R R(G), RS 1) UEK.

1) MGk Critic 42524091 F621, Actor 25 24107, HERM %2
#6091 021 s 0% 622 Filg7' <0, RBDIRE s,=env.reset(), WU
SHE R —0 FNZ 5 D

2) for =1 to T'do

P IRRI B/

3)  4ET Actor i HEPIRE s, LI B)1E

a=my (s, hl+e, e~N(0, 7))

4y ARIEINEa,, W B EEA . BRI EAR, 45 BB R
A, B (15) SRS 1E R,

5)  Su1, R, d=env.step(a,)

6) (5, ap Ry s, b, d) TENGI D

7) if d then

8) HEIRBIRE 5, =env.reset()

9) G ] 10

10) else

1 ST P SR A+

11) R =(hy (5,1, @) U (51 @)
12) end

1 YR B */

13) NEE BRI BE LI N 2% I ZRAE A
{(St,araRr»YHl ’hﬁ’d’)i}ll from D

14) iz (22) Ak Critic %S4

15) =0 (26) At Acotor 4S5

16) thX (27) 20 (28) BB H AR 45 S5

5 AESLI LS R b
5.1 {HEXIHER

FRAE A SCH 1 MEC 1/ B3R 8060 T8 A HLAE Bh
MEC 5 B #4705 5, 1j JIF 54 Python 3.7 Al
TensorFlow 2.0, SZ5637 53 T gym 1/ 5P & 528, F
gym$& A7 FLAITC ANLIRES, B0 AN B BEHL A
NBEATAT S5 ENER B

() ¥ E

FELXNHUAH B MEC R4, % E—4 2D IEJ
TEIX I8, KN Wxw=100x100 m*, TS AHLI AT &
[ 58 7E h=100 m. J& ANLII/K-F e K78 5 4200 5 m.
T NHUH B 2 SN Myay=9.65 kg. B&/N A B E
A T=400 s, AR5 9 1=40 DEFBR. TE AL
Fe KN E R V=13 m/s, Forh ZE 4RI R T5 A HLE
AT RN 2, =1 s. by 54 B B=5 MHz.
FINREE N '=—100 dB. AT E 7 LT %
N Pyp=0.1 W, o AHLITHIIA RN 5=500 KJ, ToAHL
Aib P A BT 7 JE ] s=[500, 1000] cycles/bit. FAkZ
R 1.

XFT UAV #5707 130 2 i 55 253 1) 2 8044% 18 Jetson
Xavier NX #HATE, BARSHUNIE 2.

() i

AR ST EL S BT BT AL S O R A
A B SRR B B 2B B
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i H AR G N A

F 1 OIALREIE S

24 Tt A HE
M UE% & 4
Myav UAVJii & 9.65 kg
I A B 40
B, g 5 MHz
Pxios FEEHFE -100 dB
E, UAVEBER 500 KJ
Jue UES ) 0.6 GHz
Soay UAVH 1.6 GHz
T AT & 400 s
Vimax UAVIEK KATHE 13 m/s
a {ETE 7 -50 dB
o Py -100 dB
Py UEAE T 0.1W
s CPU#:%k [500, 1000] cycle/bit
2 BAlGRE IS
ZH HfE
Live=s Jetson Xavier NX
B 0.3 kg
CPU NVIDIA ARMvS.2 64 bit @1.6 GHz
WA 8 GB DDR4, NVIDIA Volta GPU @ 1100 MHz
il = 128 GB
(a) IREPT B

1) BN, M 280 FH 7 2R AE R Zh A
X (3). (@), fE—E ME B N BT 3h, FFREHL™ 4
THE RS

2) FEANEBR, Jo AN LS 2 AR 1 i 2 3 FH P R
SEHESE. BGMRESHAR., i EXRRHHES
Y gym i B EE env #H47 22 B, 152 407 301
AT — I BRRPIRES, AR A IIREAAE N G50

(b) VIZRF B

YISk B B KAE ARG, T ANURIEA S
MW RE ARSI, X2 BEAR AT I 2R, SR 25 240
5.2 XJLEEES RN IERR

(1) XFLe Bk

1) DQN: DQN Hi 2 —Fuls Q_learning it #1£42
O 28 30T AL B K — b i,

2) TD3: #:Alif) TD3 B!,

3) DDPG #.y%: DDPG & — M iy (model-
free) HIRRA S =) B, T AAEIE S B 2% [A] 2% )
TR 12 5% EH SR PR B Q M R B4 . SRS R B
A Actor FEAEENAE. Q {HREAE R Critic % PFAl Actor
IR H g S 158 msh .

4) Actor-Critic 5 %: Actor-Critic 5% & —Fail

22 SR SRS BS T (policy gradient) 532:. Actor = B A
Dl E B AE SRS, EARYE LRI IR B A,
WA B 22 A5 5. T Critic W 47 5% PP 14T N SR 0E 1)
IR, T PR BRIRAS T SE bR 22 Jih A5 5 %1% AT A S
BEAT VEAG, FR45 tH— RS E R Bl O 25 R 25 ) Al
4R, TS Actor TR

(2) W bR

ANEFAE T R G IE K

tlocal,k(i)s

K
Taety () = ; e(max { tuav (D) + ftr,k(i)} 29)

53 HEERIH

] 5 % AC P28 (1) %% ] 23T T LR AT, IIEL'S
I LAE H, fEA B S ) 28R, B IR [0 0 5,
RGO, I i S X 2 RO TE I 25
I FEHF, Actor Al Critic WX 4% 25152 H LRI 25 S 4L, DA
AT IS BEE UIZRDHOE N, LSTM-TD3 HAAE
ENCE-SERNUERZ FhPcNingiseslil G i E S E Y
0.1 I, ZR G0N & ST W sk, AR, 4% 2] 2K
I (HUE 9 0.000 1), Sk Sics B2 85018, R 278 Il 25
400 25 5 15 FICEL. IR 45 A — SEBR I L, A SCAE
AT ES25 oK Actor AT Critic 2% =] F ¥ & 9 0.001.

250

— 200

=

Z

s 150

K

i 0.001
—r— (),

100 0.01

—r (). ]

N 0.0(?01

0 200 4(.)0 6(.)0 8(.)0 1 0.00
Il & %
B5 AR T LSTM-TD3 Hikhg

Bl 6 X EVE AT 14T T R A, ST
T [EAE 20 SRR BN R R0OR 77 AR R B ), A4 1
SR T 7 3110 25 IR 55 8 AL EAT U SRR AR A DL %
&2, YIrHETA 0 i, AR B ReAR K OSSR R B
PR3 1) Sk 2 Jgh, A0 R 7K, AR R AR FL A
T )5 R, ARRELRN I s ma B ok, B IR 6 T AN, BEAE
FrHIE 19 0.9 I, PEREAR LT, DA AR SCHE TR 4% 117 3L
SEEG R SRR B TR 0 0.9,
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