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[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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Fig. 1. Industrial Wireless Sensor Networks
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II. Preliminaries

1. Related works - Backgrounds
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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
& A= IWSNO| A dlofg 5o A
2AEF Al deels 71RQl MABS #8510 %*%ﬂxl
HAL e = A i AFdS mpofstal o5 A
% 2715 Yolo|Ed] o 2M AY &g, o
Al 28 S0 UEYS 4% A BEE dit,
7]= IWSNojjA] NME ZF AA T2 HE ZXX L&
7HR)9] tlojg A4S 9Jsf £tk 7t T A2 E AAlst
1, o]5 7|9t 2 Time slot, Channel offsetoz2 L&
5= A2 Superframeo] 1/gAo g sttt o,
7} glojg] 52(Data flow) 7t A& $=g mjsy] ¢Jgt
Superframe AAIEH Al W2k A2 oh2at 2ot
« 7171 b &A1 slot 07H FE0] =% channel
offsetso]] & A&}
o 7} WH2 publish data Q~LAFglo] HA]
* publish data®] A= A 5U] gateway
« 27159 Al 9] Zol= AH]9] scan rate
of <J5j 737(1

. HH]*

.'.,

=iy

ok

scan rate B -3 scan rate 29 slot I

* GatewayollA] ¥ 7JH|HE] A|AfSto], Gateway= @
Sk ARO[} sPHe] dedicated link7} &,
sl H=2o thsll RAI=S 23t dedicated slot =

gl

s J2 QFF Uiulste, 7 Aot o 429
WSS Alestes AAET

* 5142} 717]= 3t SlotofA] gt §

P

|4 =

A 5O AAS
HOE SA 22 »AI5H

Aok WeldE olaidt AAEY pAlg soR
913 o] wet A

E
= — o
SEI7] O AP FEAYES FOIITE Table 12



Efficient Resource Allocation for Energy Saving with Reinforcement Learning in Industrial IoT Network 173

7t data flowd] 2§¥A| ekt g8l AMASS Drorsty
Superframeo] AAIE Eojof & A EFF=S A
Esto] 2750 Wgshs e EolEth

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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17. Return R/
18. else //HAZ 2 & A Al
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22. Return R
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26. end while
27. end for
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29. Return S

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
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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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