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ABSTRACT

The Slotted-ALOHA (S-ALOHA) and its variants
have been widely used as the channel access protocol
for the wireless sensor networks. The performance of
the S-ALOHA systems depends largely on the
collision resolution scheme. The S-ALOHA with the
conventional binary exponential backoff scheme well
operates in underload condition, while the ALOHA-Q

being applied the reinforcement learning provides a

good performance in heavy load condition. In this
letter, we propose a hybrid scheme that dynamically
selects the operation mode between above two
schemes according to the load level. The simulation
results show that the proposed scheme provides best

performance in overall load range.

B

2| T Ak, 3, 98 5 tlekdl Bolelld &
S5 gle FA A UESY=Z(WSN: Wireless
Sensor Network)+ 59]2] oWl EE 71x|slo] A HE
D= o9 Al el AlA reERNE HHE
FAEl] FEREE Adshs A3 2u(Es AolE
ez A dubH ]l AlM == xpA) wiEE]
2 AYE ke 24y 7)7)0)7] wiitel] Ao
2] 2 A Fell Aofe] slefele o] E8o] &
ololglc}. wjzpr WSNe| 54l Ald A~ Z2eF
2y, EslHME oflux] A7l 23s ALOHAY
Slotted-ALOHA(S-ALOHA) % 1 W3 E<] NB-IoT,
Sigfox, LoRa, Weightless & ¢12] A|Z=&lof|4] Hz]
A= 3 gl

S-ALOHA?®| A5< AHF 5 dli e 24
-5} 7|&2] S-ALOHAE A4S 93] o]#l =
< W9 SZ(BEB: Binary Exponential Backoff)’? 7]
& AMgRil 2 el o]2|dt S-ALOHAE
ALOHA-BEBZ} ¥t} ALOHA-BEB A]2~El-- I
7F AS vle AE A (delay)o] w2 73 A
& ek e 4] ) oAk oo Al e
2 7% 543 £ WSNellxe F71- R
sk Agte] AFE 5 sl o] AY AE FE0l
78] Al A5Ast Wik

o] A& sA3l] $18l, el S-ALOHA®]
71ASS A48 Higke] Ehis] Qe gk
|2, A Edhgs o]-83fe] 3 2] A A=
a71E AHE3 2= 71y #43 S-ALOHAP
o, ek el FedQ-Leaming) S 44
slo] sl Abstell ] WSNE| Ads-s =] A7)
ALOHA-QYE & 4= 9lck

ot
>
el
2
‘
0,

fr o
il
=

% This work was supported by Hankuk University of Foreign Studies Research Fund of 2020 and by the National Research
Foundation of Korea (NRF) grant funded by the Korea government (MSIT) (No. NRF-2019R1F1A1062597).

+ First Author : (ORCID:0000-0001-9007-5871)Department of Electronics Engineering and Applied Communications Research
Center, Hankuk University of Foreign Studies, hjkwon91@hufs.ac.kr, SHI(AAI214), 413

°  Corresponding Author : (ORCID:0000-0001-7515-7422)Department of Electronics Engineering and Applied Communications
Research Center, Hankuk University of Foreign Studies, dgjeong@hufs.ac.kr, A<, £A413]%
& 0 202008-192-B-LU, Received August 11, 2020; Revised September 9, 2020; Accepted September 10, 2020

172

www.dbpia.co.kr



e B A Y EYIS 93 slo]BEl Slotted-ALOHA
ALOHA-QE ZH|S 7Hko g Exlgic) 7} Al 3, ALOHA-Q= =] 7ute g Exlsin] 3}

ke g =ZHSl AR gsk skl
-é’r Alm=get. mets] Edfgo] kM o w Rhgsl v
= shte] Al desellxRl vEe] Hlole7t A4

=739, ZHY W B2 &3] dulE 4 gk ol
g A 2|l Al&3E Ado] QE+= event-driven

dle Eie X‘%Elf%} o 2 whglo] k.

. WSN2| S-ALOHA EAl g

Helak N 7le] xﬂxi e} sh}e] Al=m reg

A= gl F WSNS wElgh) 7F A o g &

2 2ol shle] e j shed, o] WA= 2}
Ale] FAle ARl b Aol Aggiel A
& Al A B3 53} o] o] Uslel] s Ay
g 4= glor} WSN 38 7hetksbd Ad oA~ v}
Ale] Ao glers nE AF A FE9 73,4

ATl 2 Fel) glek 7 LFelAe] A%
e A4S A28 2] SR [q,a} el uﬂl—_ A
“3(S: Success), & ] wl&= Z=E(C: Collision), #
g r=7F 35 W R Idle) & Rk 7
A e FEo] MG Ae] S-S AEsh,
FHd) AHE 54 355 Zspd A7lS H71et
B ool 1#sH= ALOHA-BEB 7]Hell4 7
A e 2pxIEEe] AA I=9(CW: Contention
Window)2| 2715 Fe|abs, 2 W9 Wellx] el
ARE e AR leksich) izl A5
HAH Qg 5 Fmo] AT wfjuict CW«l i71~

13}

144 J-H]OLC’— e 202 ?—Hih:‘r ZF A b
9] @ shle] £ Alelsle] AEg A
g, 3 =z HH 7t S5l sl "=
AV Q(nd) 7} ¢ A ZASJelA &
AA e p o] AFEE Yeplicke sk
2713k 002 ApAfs) v Agriet ot
dare|el ol fElo]Exl,

r°"

o
i)

(

@
2
=
o,
r‘_x.,

B 2 b m
=
FlO - ?1‘“ l‘n 11‘“

o i
Q

N
L gy
ok
m])

m
o

Q41 (nyi) = Q(n,i) +p(r— Q. (n.i)) 1

of7]ellA] /)(0 <p<1l)y= <5E(learning rate)S
vehle, r2 A Aol gk BA e Bolos
vepdc) 2 o:]:,Loﬂxq_ ro gro@ A AT A
+1, %*]*1% ARgsic) 7 Al = Q Fho)

7H e 29 Aulsle] A4S Awshd, AEH Q

e 71l &20] F ol EAjsks Aol delz
& &RS Gl A5k 2 2L N 2%
BrhF 7%, Sl $hRE Folt BE ks 34

=
fhe 29 Ag £2e Bl FAIA

°
2 A= X _,.cd_zé;glvg‘

=

. Mekshk= stol=2|= 71|

B o ol|x]= A F-3el| A= ALOHA-BEB HHA| o
2 Exzteln], 15-8lo|4= ALOHA-Q WA o Fx
6’]—__&1[1 - ]—/RL/] 7(]—x4 ° U‘: o].Q_s}_ﬁ 3]. ] a]
7S Al J‘&E‘r JAo] Eatn =B 7k
‘BEB 2=’ 3 ‘Q RE

25 164 i‘: | Akt 71‘1‘,0% 718411 *lﬂ

chgle %au_w dglo] shtel sizle] AgEe

Ji [r14

c

@ mode

time

M BN FEREE el A AR ek Agele), ele] she), Q 28] FAelt o}
Fa A AEHCWain) 2 Li*lﬂt} o] o] Bhte] Jeﬂ Q& o]Frh BEB X2 &
BEB mode BEB mode Q mode
M slots M slots (=AM/N frames)
frame 1 | frame 2
HIIHHIII---H%F—H—HH%—'—'—H& R

Mode decision
epoch

a2 1. Akl 71je] At =
Fig. 1. Time structure of proposed scheme

T

Mode decision
epoch

—_ T

Slot index Mode decision
in a frame epoch

1713

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-10 Vol.45 No.10

2hsh= getellis Zalql 727} ik 3, meAn
et Aol M &F Zolo] dAFI|vk} 249
Hate] Zhieel| w2} BEB 2Eot Q R F dhte] &
Arezh ddso] tg 57] w1k AldE nE
zhal),

ol flall A=A k= vl F|vke} Aladl RalE
FAYY 0, T T 1 el AF A3t A
(£{S.C.1Hl &x2] et & o, Al2=gle] el
e (ngne.n) 2 HeRd 5 glom ool thg8h=
EE Zd=(intensity) & that 2Eo] AJ2]3lch

ng+ne —n,
T(TLS, TLC,TLI): T (2)
A= x=7} BEB % Q 5 F AEE= Ale]o] A
B Pisle, AeE HES A eESA] Fu

|

o} R=AgRS AAIG oA Fold A2 F RE
oM A F=0] ofnle} Wixrt AR chErks Aol
t}. o & Hkdste],  7He] dAIRk(threshold)& AHE-
gk} BEB ®=7 F=bsid £ 3t —7—7] ol 2%
Eef Zrb Apdell Aaixl 7h ¥t 2 75, o
< F719 SR EE Q XEZ A3} wbd Q
g R & Bl Aot ThyXdeh U2
BEB Rt& #gklc)

Thy$} Thy= ol8Hom A 2 gy, ezt
ol Aot AlEHel S F3ll AAE = sick ol
5 B 5% ¥slE ALOHA-BEB A|2~Hl3}
ALOHA-Q A|2Hlo)| 7}5}= A Eeo]de J& ”6}
ollA] Alztete] Hahs: s£oi7be Ml pasio], A
2 ALOHA-Q9] 4%<°] ALOHA-BEB: T} o} uﬂ
ALOHA-BEBeIA ZA4¥ T'(ngnq,n) 2l & T
o} 919 IS ofe] A wEelste] dolxl HS

Th) = AR = glek olof ARk W= Th,=
2E F sck

V. 85 @t

Alkshz 7] A A8 fls) A5 AlEwe]
AL asledth. WA ALOHA-QY =ZH|Y =718 N
o7 AAsgleyAAE 71E s 5 o8 7}

). Th, S} m AP wpg o Feigich Alxw)
FEZE ACIYEF A 2 AN meeias B
Eo] A/ NS 7<] L_-TL_Oﬂ ulz} sfjzle] AT & 1

& A Ee S 3 SeirlE g Ry,

1714

%

B 1A% 34§13 AR sl
Table 1. Simulation parameters for performance evaluation
Parameters Values
The number of sensor nodes, /NV 50 or 200
ALOHA-Q frame size (slots) 50 or 200
Scheme selection period, M (slots) 10,000
ALOHA-Q learning rate, p 0.001
Minimum contention window size, CWmin 4
Retransmission limit 6
Pre-training time for Q (slots) 1,000,000
Performance measuring time (slots) 1,000,000
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