FATE 2 W BT 5 F R % O Vol. 47No. 2
202542 H Journal of Electronics & Information Technology Feb. 2025
NS 2L T = A A
LoRa#&h BT RE R EF IHEDFR ML
kY mEsY  F 4% maraR®
D E g kLT 245 85%% F/R  400065)
D(Erird k#B1EEEEIRFESDBERRATLLERT E/R  400065)
OB (5 AR (Aol) RS HUB B FE 1o AR by, B IS IR U BE N, B/ MEACTRAF L N E B, %0 HE T

LoRaMZ% [ BEAZ BN, 3 #rSlot-Aloha bl NI AT Ak HElE, 7 T Slot- Aloha bl ™ HodE 6 2 Al 4% 46 il 1
FNEERFI (] RO . @/ HT4R H, 7ELoRa MATAEIE R, BEESIROEEEZ, Aol ¥ B2 B4R WAL
s o e IR PR 10 R B A 2 [B) 5 K3 SO LSS B ROR AR I 1) 8, 12 50R R 2R B0/ 5 [A) S B sl 1 2
W77, A RMESE-THNY (SAC)FVEX LoRalM 2% N Aol T AL . (A REIR, SACHVEMR T4 5

FEEGIR LA I A, A PRI Z T2 Aol

REIE: (FRFR; LoRas TMBME-IFINEIL, WML, RAeHng

FESES: TN929.5
DOI: 10.11999/JEIT240404

1 3518

TE L5 B, B Re Sl PR IEAE IR
HURES, ASRIATHE R G = SO E 2 2R T
eft TRIFTARA HLE . Forb, KSR S R 2%
A T H R B AR S ) 58 rh 4 e B X A
o, KBE AT FESS 4l (Long Range low power ra-
dio frequency technology, LoRa) %% LLH 7z 1)
7 w0 B AR FE R e & 2 | H . O IEERE
AL A I EAR R . FERREC Il R, i
4% Sk 7 B M LoRaM X AT # ¥t 5, H
T N A I M A ARG R AT B, O SN R U
it SR ANECH 0 R i B v, DA R SR B Tt ok
MACAS AR . 9 1 B0 G b A B A (PR B, AR
KA Aol (Age of Information )R =4 EHis £ it
B . AoTWRIIL 1 4R 78 Vi B AN A% ik 2 v i iR
THEOL, S 7 HE EOR AR /A RS 22 A TR) Y AT
T 3T R el ARRI A . Aol & X v H
WAL B i T AT 38 AR 0, ) A S T P 5 224 I 1] £
I [ ] B

W], BERT AoTHIMT FE 32 BEAE rp T FZ e mg ),
R 0l A2 E 5 R 55 4 HE A 2R G Hh oG] AN (] U FE SR R 1
AoIRIHEAT X Lo Mo SCHR[3)BFFR#R tH 1 —Fh
“TEAERRSEIRSS” (Last Generated First Served, LGFS)

WA EH: 202404045 SEIEH: 2025-01-08; P& HIAR: 2025-01-25
EEEE: PHE $220802003@stu.cqupt.edu.cn

FETH IR BREAHARTH FLITH (KJQN202400643)
Foundation Item: The Science and Technology Research
Program of Chongqing Municipal Education Commission
(KJQN202400643)

ERFRIRES: A

XEMHES: 1009-5896(2025)02-0541-10

WL RES, FFEEARFEIRS I W AT, Rk
FEEHEBA RSt Aol Ak, SCHR[4)7E(E TE RS
ARENEIEGLT BRI T B0 FE S5 ng LLSE B Aol i
Al ITAER, Aol N B W4 F& %2 T 2k I 25 43
I, SCHR[B)HE T — R T U BT SN 1) Ao AL U7
%, H LA OR BB A i I R, SCR (6] )25 8 T
— AR T R B T R A G A B RE R T &R
g, vk AR TR S B, DlRME R
GREFEAN T35 Aol STHR[T)HEH T —FhJE T Sud iy
PeH R BE QM 4% (Improved Dueling Double Deep
Q-Network Computation Offloading, ID3CO)%
%, AT OB i i Aol, i HAERE
B, ZEAEMERE LR TOE k. TR T
MHUNFEREN BB R, R T —Fr
1 2 8 RE AR R FE s AL 2 S REZEDRL-UCS, i &
45 R WoR I MERAE RS E N s P RS A UK Aol
HAl, KTFLoRaMZsH Aol ST H> . SCHR[9]
T IRAELoRaM 4 H 5] N Aol & HARAL A&, & 257y
T EARA, FHH T FreshLoRa-AfIFreshLoRa-B
PR ELIER LA Aol 17 FLAE SRR B B0 5 3R [10]
SEH AT E 1k N AR 7 B SRR AT TR AT
fELoRaM#&,  FAT4E %R A 4l Aloha i,
Bk AT LAEAT B () A Hdls , Jo 75 S5 Ry 78 1R I
B BRSBTS (TN RIR SR, AR A
BN FIN R IERS, AIRE RAME ShkdE . S
WR[LU R T SR 4E ALoha L2 i# 2 A LoRaff il
PREVEAERE, I B BRI, o A I, Al
Aloha /Ll 7E &8 FE M 2% ] e 38U RE T % . LoRa
W 28 (T kS Bt R, Horh i S 1 (Spread-
ing Factor, SF)E Y HJ5 W IR = 5 R 4615 5


http://radars.ie.ac.cn/CN/10.11999/JEIT240404
mailto:s220802003@stu.cqupt.edu.cn

542 G

o

=]

2 %

AT %

WM E ., V2 kAR T 4 Aloha thh iSUH2 H 73 e
FVE TR £ 5T ELIE 4 (1 SFH LA B LoRal 25 (1) ]
PN, SCBR[12) LA TR A RISF I TR, 2
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EXPLoRa-SFillid St £ 4t (1 SF H G M %, R
I 2 v B HE 0 1) B AR B S TR BESE, kil £
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BEPOPRIT
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243 Blresult 7 B [ BT A Zi, - KGR (1] 52 4%
JENO (en) s MWETESEIRIMAER, RIS
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BE1 aBE%

KiA: B8 Arsensors — {sen, senz, -, serin }
Wit REAMAR A ISERIE B

result = {(SF1,C1), (SF2,C2) , -, (SFn, Cn )}

1) result < @,sf € {7,8, -+, 12} , f518C € {0,1,, ¢}
2) fori=1,2,--, N do

SF; «— BaHLMsESE A ik %

C; + FNLINCHA Fik

)
)
3)
)
5)  result « result U (SF;, C;)
)
)
)
)

(

(

(
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(
(6) end for

(7) for j =1,2,--, N do

(8)  xH I T IILMISFE bestSF; =0
(9) R T HRILKIMFEEC bestCy =0
(10) minavgAol = M_INT

(11)  for sf +— 7 to 12 do
(

(

(

(

(

(

(

(

(

(

(

—_

12) for C < 0 to c do

N

13) avgAol = average (Aol)
14) if avgAol < minavgAol
15) minavgAol=avgAol
16) bestSF; = sf

17) bestC; = C
18) end for
19) end for
20)

21)

22)

result <— result U (bestSF;, bestC;)
end for

return result
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C (i) NS sR MMM EIER IS, C (1) =
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it A A 2 ity 328 1) I G Ak 1 A B B4 L T Ao TR
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JE g A 2 Sy b A I o 0 A 3 R ) A A
ISR A, WORAESR MR EIN B G Te, T2 (1)
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IS I P S0 A S5 AN I PR AT SR AE AR A, A (i)
FN L BT BAE: EX (1) N E NI RIS
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(3) %pheki % AR H A& ik A LoRa
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WG BARLoRaM 45 F ¥ Aol i) e, Kk, BB
i R T

ri = —(A7 (1) + A3 (9) + - + A3, (D)) /N (5)

3.3 ETREBUZEINMUAER

SACHLE L — i L T e K 10 BEATL SR WS R i
OHERYRELE, SACH) FZ R — Al IE ML (en-
tropy regularization), AR R)THE ZHZOH D
Z—, WEZH T 8 5 (policy )RR B £ A A
4T 9, RIS FH R B A SR i BEATL I AN 1 2
S5 PRI 3 0 25 1Y 5 SR WS R BE AL, AT 3G 0 B 22 4R
o PRJE SR S EE . ASCHR[21) AT AT, 51
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H (n(-|8)) = =Eans(s) [0 P (r(a]s))]  (6)
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FlE PIEIRAS s FikBAT 8N o M. In P (n (als))
FATEN alEIRAS s T B SREMEAE 2 (1% 44

FrAE IR B oAb 2 2] kA, 22 2] B

Rt R 2 ks, Rk
T = arginaXZtE(st,at)Np“ (R (s¢,at)] (7)

Mgl TR B br g, Y
= Z E(Shat)NPw [R (st ar) +aH (7 (-[s))] (8)

Her, o NIENE A%, B RREREE

St,Q¢ )™~ Px

W& AR I R, IR AS-BIE X (state-action
pair) KR, b po o SRR A2 BUHIRES- B XS
74T o

SACHE P PR ME R HCN

Veor (8) = E(St;at)'\’pwzzo [7
+aH (n([s)))|so = s] (9)

SENE R ECH
Q:oft (37 a) = E(St ai)~px {Z:O Oryt (R( St, at)
(-1st))) |so=s8,a0=a

+O‘Z
(10)

AT AR O BR B Eh R R Bk RO

Qlort (8,@) = E(s,an)~p, [ (81, 1) + 7V (s)] (11)
LR UEIR R s 5 2 SR A — B SACH %
e, I RAT B R4 R SRR SR A R AR (R
SR E AT ) B BT, B (8 R 48 Qi Hh 1Y
ENAEAE R B GT, DR I 2% Vit (RS
I B BB R AT
{8 tanh bR AR SRR AE (-1,1) Z 7]

a; = tanh (a;) (12)

A SC B AE 28 I A & S 4 B0 RH . 1) 455 3 AN
SF, XtF B EahiEkin, AEEHE N, SFHL
NG, BABEBEIESE AN 6", ATLIE X
AR ERHIME, S T 5 ssh 1 25 )
LR AT U, BRI SO SIETE (-1,1) 18
I L 5T 1)KL 125 5 P45 T NS RIE BB 1 N B B
FTFSACHI Aotk WA 2.

4 HEL%R

N TR A 2 R L NI R, K2
¥ S RSB B

HF 3G e id K e S Eas I 4E R i KGPU
M, PR EE R E L FEEREMSE

(R(s¢,ay)

HENAGEUNT ST &mEE, A8 %mA
BE T H 43 B 6 S SF A T8, M & AR Al 8 47
N BUSERE N2, ZKinsE N12, SFHEN
6. LoRal g #if i K/ —f~10~100 Byte,
PRI A S £ K /N 50 Bytes
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300058 o A5 (8 J L W8, 1 TD37E4 000% % A4 1A
FUS S B S SUE P BB T SA C 1P AH 214 g
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N ZudcE N
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1. FgaA: PR E NS Qu, (5,a) B8 w1, Qu, (s, a)ZHws,
TEIE M %y (s) S8 0, BN Qu, (5,a), Qu, (8,a),
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Abstract: Age of Information (Aol) quantifies information freshness, which is critical for time-sensitive Internet

of Things (IoT) applications. This paper investigates Aol optimization in an LoRa network under the Slot-

Aloha protocol in an intelligent transportation environment. A system model is established to characterize

transmission collisions and packet waiting times. Analytical results indicate that in LoRa uplink transmission,

as the number of packets increases, Aol is primarily influenced by packet collisions. To address the challenge of
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a large action space hindering effective solutions, this study maps the continuous action space to a discrete
action space and employs the Soft Actor-Critic (SAC) algorithm for Aol optimization. Simulation results
demonstrate that the SAC algorithm outperforms conventional algorithms and traditional deep reinforcement
learning approaches, effectively reducing the network’s average Aol.

Objective With the rapid development of intelligent transportation systems, ensuring the real-time availability
and accuracy of traffic data has become essential, particularly in transmission systems for traffic monitoring
cameras and related equipment. Long-range, low-power radio frequency (LoRa) networks have emerged as a key
technology for sensor connectivity in intelligent transportation due to their advantages of low power
consumption, wide coverage, and long-distance communication. However, in urban environments, LoRa
networks are prone to frequent data collisions when multiple devices transmit simultaneously, which affects
information timeliness and, consequently, the effectiveness of traffic management decisions. This study focuses
on optimizing data packet timeliness in LoRa networks to enhance communication efficiency. Specifically, it
aims to improve Aol under the Slotted Aloha protocol by analyzing the effects of packet collisions and over-the-
air transmission time. Based on this analysis, an optimization method using deep reinforcement learning is
proposed, employing the SAC algorithm to minimize Aol. The goal is to achieve lower latency and a higher
data transmission success rate in an intelligent transportation environment with frequent data transmissions,
thereby improving overall system performance and ensuring real-time information availability to meet the
freshness requirements of intelligent transportation systems.

Method To address the requirements for information freshness in intelligent transportation scenarios, this
study investigates the optimization of packet Aol in LoRa networks under the Slotted Aloha protocol. A system
model is established to analyze packet collisions and over-the-air transmission time, providing theoretical
support for enhancing information transmission efficiency. Given the Markovian nature of Aol evolution, the
optimization problem is formulated as a Markov Decision Process (MDP) and solved using the SAC algorithm
in deep reinforcement learning.

Results and Discussions The study examines Aol variations during collisions (Fig. 2) and develops a collision
model for data packet transmission (Fig. 4). Simulation results indicate that the SAC algorithm outperforms
the Temporal Difference (TD) algorithm and conventional methods (Fig. 6). As the number of terminals
increases, the system’s average Aol also increases (Fig. 7). Additionally, the variations in average Aol under
different time slots for the SAC and TD3 algorithms are analyzed (Fig. 8).

Conclusions Given the limited research on Aol in LoRa networks, this study examines the Aol optimization
problem in LoRa uplink packet transmission within an intelligent traffic management environment and
proposes a packet collision model under the Slotted Aloha protocol. The greedy algorithm and SAC algorithm
are employed for Aol optimization. Simulation results demonstrate that the greedy algorithm outperforms
conventional deep reinforcement learning algorithms but remains less effective than the SAC algorithm. The
SAC algorithm significantly improves Aol optimization in LoRa networks. However, this study focuses solely on
Aol optimization without considering energy consumption and packet loss rate. Future research should explore
the trade-offs between energy efficiency, packet loss, and Aol optimization to minimize energy consumption and
data loss. Additionally, this study does not address heterogeneous network scenarios. In environments where
LoRa networks coexist with other communication technologies (e.g., Wi-Fi, Bluetooth, NB-IoT), challenges
related to interoperability, data consistency, and network management arise. Investigating Aol optimization in
heterogeneous transmission environments could further enhance the performance and reliability of LoRa
networks in complex applications such as intelligent traffic management.

Key words: Age of Information (Aol); LoRa; Soft Actor-Critic algorithm (SAC); Deep reinforcement learning;
Optimization strategy
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