SHRAYBE Y RSS2

Journal of The Korea Society of Computer and Information
Vol. 29 No. 9, pp. 169-177, September 2024
https://doi.org/10.9708/jksci.2024.29.09.169

Efficient Resource Allocation for Energy Saving

with Reinforcement Learning in Industrial IoT Network

Dongyeong Seo*, Kwansoo Jung**, Sangdae Kim+*

*Post-doctoral Researcher, ICT Testing Research Center, Electronics and Telecommunication Research Institute,
Daejeon, Korea
*+Professor, Dept. of Fintech, Daejeon University, Daejeon, Korea
+x+Professor, Dept. of Medical Information Technology Engineering, Soonchunhyang University, Asan, Korea

[Abstract]

Industrial Wireless Sensor Network (IWSN) is a key feature of Industrial IoT that enables industrial automation
through process monitoring and control by connecting industrial equipment such as sensors, robots, and machines
wirelessly, and must support the strict requirements of modern industrial environments such as real-time, reliability,
and energy efficiency. To achieve these goals, IWSN uses reliable communication methods such as multipath
routing, fixed redundant resource allocation, and non-contention-based scheduling. However, the issue of wasting
redundant resources that are not utilized for communication degrades not only the efficiency of limited radio
resources but also the energy efficiency. In this paper, we propose a scheme that utilizes reinforcement learning
in communication scheduling to periodically identify unused wireless resources and reallocate them to save
energy consumption of the entire industrial network. The experimental performance evaluation shows that
the proposed approach achieves about 30% improvement of resource efficiency in scheduling compared to
the existing method while supporting high reliability. In addition, the energy efficiency and latency are improbed

by more than 21% and 38%, respectively, by reducing unnecessary communication.

» Key words: Industrial IoT, Wireless Sensor Networks, Resource allocation, Scheduling,
Reinforcement Learning, Energy efficiency
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I. Introduction
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Fig. 1. Industrial Wireless Sensor Networks
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II. Preliminaries

1. Related works - Backgrounds
1.1 Scheduling in Industrial WSN
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Fig. 2. Superframe scheduling example in IWSN
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2. Related works - Literature Review
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III. The Proposed Scheme

1. MAB-based Resource Allocation
1.1 Scheduling Update
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Table 1. Proposed Scheduling Update Algorithm

Scheduling Update

Input: G(V, E), F(Data flows), S(Superframe), R(Resource)
Output: S’ R’

1. for each cycle(T) of Superframe(T)) do

2. for each data flow f&F do

3 while allocated_resource(f)<maxResource do

4. Path_primary=getPrimary(G, ) // 7|23 &
5
6

Path_backup=getBackup(G, f; // A A=
flowSuccess=tryTransmit(G, Path_primary, f)
/1712 32 A4S

7. updateAllocatedResources(G, Path_primary,
Path_backup, flowSuccess):

8. if (flowSuccess) then
9. R*=allocated_resources(f)--

A& 83 Al 18 &% Zf‘.’_ FAE
10. failure_count[f] = 0;
11. Return R
12. else

R=allocated_resources(f):
13. failure_count(f)++ //AZ4 AD§ A
14. flowFailure=tryTransmit(G, Path_backup, f)
15. if (backupSuccess) then
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16. R*=allocated_resources(f);
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30. end for
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Table 2. Proposed Scheduling Update Algorithm

MAB-based Resource Allocation
Input: G(V, E), F(Data flows), S(Superframe), R(Resource)
Output: S’ R’
1. Case 1: e-greedy
€=0.1 // Exploration probability
for each iteration do
if random() < € ; // Exploration:
S’ = selectRandom(S);
else // Exploitation: &4 St A S 2= AFHEZ MEH
S” = argmin_{ s € S} allocated_Resources(s):
end if
9. end for
10. updateAllocatedResource();
11. updateSuperframeSchedule();
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2. Performance Evaluation

2.1 Experimental Environments
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Table 3. Experimental Environments

Parameter Value

Traffic type Process(Sensing) data
Number of devices 8

Link Quality (%) 75, 85, 95(default)
Transmission range (m) 30

Number of channel 4

Data generation rate (s) 1

Superframe length 64 time-slot

Time-slot duration (ms) 10

Number of data flows 8, 16, 24(default), 32, 40, 48
MAB iteration 200

Simulation time (s) 3,200

2.2 Experimental Results
WA 2 Aoy 22 siEetnat sk A
o Al &£& SHAA Aok Yoro] Y

SR EOE]
07}6}%

50 4
—— Typical IWSN

«— Proposed Scheme

45

Allocated Resource / Superframe

25

T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Iteration

Fig. 4. Result of Resource Efficiency
(Allocated Resource per Superframe)

Fig. 4% 1 27z 3717} whe wjajcy

& AUFS HolET J1E WSNS| ALY ey

AR A Y U US0R 3] WHSIAI A

7o 7N5lsra S 25 2RE]X]| ol»%

Bl 2t S0} gaEes o

Aol 30% el Zasi] 2Yske 2
71 WSOl wleh e <1 g

= O
Aeol 7= 2k

AEHIHA

]
A

oL k1 B g
[¢)
I_EO_ur

rS rlo w

7<179| At

=,
X

e
>
)

rulo
rulo Ak m&"
10 9 ofl

= gy flr wo
3]
iu)

ofm ek
>



Efficient Resource Allocation for Energy Saving with Reinforcement Learning in Industrial IoT Network 175

[] Typical IWSN
129 [Z777] Proposed Scheme

Energy Consumption (mA)
@

75% 85% 95%
Link Quality

Fig. 5. Result of Energy Efficiency
(Energy Consumption with Link Quality)

32 | e —e——
31 ] e
.
;3 30 4
£ 294
S 281
g o7
-
2 267 "
8 25 PRI ® o
& 24 ]
£ 2
o
22 1 —— Typical IWSN
21 4 —&— Proposed Scheme
20 - : . T T r
8 16 24 32 40 48

Number of Data Flows

Fig. 6. Result of Energy Saving
(Energy Consumption with varying Data flows)

EI] Flg 60 L‘” 7_<
flowe] Welo] T YEYS 0ﬂL17<] ii%k% v st A
75 RojEeh Y3 B0l A 22 AL WS A of
A B =2olA 0] xFdEo] Lojid =
2o 25 Zxlo] oF &
T o|A] angfo] Wee
“JOPOML guﬂ% A1 9]

of
1o
rulm
o
Hir
o
e
=
o
)
té

3':
tor fu

N P2
il T

=
2
=
2
~
b

ol
ok
oy A
30
-
|J
o
Lo

P~
>
oY
M
=
j o

_,d
__)leﬂ.’.E
A =

ol I

>
>
&
—
=]
@D
@,
Q
g
5 o
I
)
)
)
N
N
)
=
ol
—=1
5
i

Lo

P
o
i

o

ol

o

10

12
)
Q
X

o) o|Al 287t EolE
EOP UEY3 Y data flow?} Hopas
lt 'EIOWKIDP KﬂOP Yo Auiu 1

r
fu
+

rud
>.
dju
>
b

nS

ol

0

o

fr o 3o
2

rie

1o

-l>

ﬂ.l

Y

9

_&a

=2 5

\ 1.'1

]

Pi

=

x

P~

5]

i)
l‘[[‘ w
oo

rr 1R
>,

1 Mo
I

[ Typical IWSN
50 /7] Proposed Scheme
90

80 -

70 +

60 -

50 4

40

30 4

20

End-to-End Packet Data Rate (%)

10 4

t
75% 85%
Link Quality

Fig. 7. Result of Reliability Evaluation
(End-to—End Packet Data Ratio)

[ Typical IWSN
16 Proposed Scheme

08+

06
0.4
0.2 /
0.0 f
75% 85% 95%
Link Quality

Average of End-to-End Latency (s)

Fig. 8. Result of Real-time Evaluation
(End-to—End Delivery Latency)

AT GOl M s gulEs RS SolUME A &

TAZY Al dat HARME AdslioF oftt. Fig. 7 3
Fig. 82 YEY 3 g3 =Xo| wet YEYI U BAE
tjlo]E]50] End-to-End =S Edf] AR HZA

o7 TAh= " Mg AZE(PDR, Packet Delivery
Rate) 3 BF AP Ad Y5 HolEch At Yore

o A2 RS ARSIHAE 7]E IWSNe| AE Al2]d
= Aleds gelg & oot 53] A Kloq HollA, Al
QF Bfoh2 JH|EA] = FA AldE 2o 2H) 7t data
flowo]] tigt A71E32

NE og Z2sH stof BF A
Fosgs 2 4 g

LI w2

>

2 A|FA[TO] 38% O

0.



176  Journal of The Korea Society of Computer and Information

Table 4. Summary of performance evaluation

. . Proposed Improved
Metric Typical IWSN Scheme Rate
Fixed MAB-based 30.4%
Resource - .
Efficiency allocation: allocation: Less wasted
4é6slots/cycle | 32slots/cycle resources
Energy Average Consumption 21.2%
Efficiency (Varying link quality 75 ~ 95%) Energy
31.6mA/node \ 24.9mA/node savings
End-to-End Packet Data Rate Similar level
Reliability | (Varying link quality 75 ~ 95%) L
90.4% ‘ 908% of reliability
Average of End-to-End Latency 38.7%
Real-time | (Varying link quality 75 ~ 95%) Reduced
1.033s 0.633s delay
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