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[Abstract]

This paper proposes an integration of the ED-H scheduling algorithm, known for optimal real-time
scheduling, with the LoRaEnergySim simulator. This integration facilitates the simulation of interactions
between real-time scheduling algorithms for tasks with time constraints in Class-A LoRaWAN Class-A
devices using a super-capacitor-based energy harvesting system. The time and energy characteristics of
LoRaWAN status and state transitions are extracted in a log format, and the task model is structured to
suit the time-slot-based ED-H scheduling algorithm. The algorithm is extended to perform tasks while
satisfying time constraints based on CPU executions. To evaluate the proposed approach, the ED-H
scheduling algorithm is executed on a set of tasks with varying time and energy characteristics and
CPU occupancy rates ranging from 10% to 90%, under the same conditions as the LoRaEnergySim
simulation results for packet transmission and reception. The experimental results confirmed the
applicability of co-simulation by demonstrating that tasks are prioritized based on urgency without

depleting the supercapacitor's energy to satisfy time constraints, depending on the scheduling algorithm.
pleting percap gy P 2 g alg

» Key words: LoRaWAN, ED-H Scheduling Algorithm, Super-Capacitor, Energy Harvesting, Simulation

(2 <]

fe

=4 LoRaEnergySimell # 49 HAIZF ~AEH dugFo= 4%l ED-H 2AEH
252 AE 3 LoRaWAN Z|2-A 7] |t 4 ol ape=g Al
A 5 AAE ALsals W ARE Al°RdE 2= LoRaWAN UEE2]9] Bj2z9) &
A AARE 2AEY daels e A3 AlE ]l }?6}+ﬁ iR %ﬁﬂ
LoRaWAN®] Ao} Ao kel mhE A3k} oA EAS =1 ﬁﬂ]E FEokaL E} ]
Hke] ED-H 2759 darelsdd Aetes giad BE

= o2 ne
> o Ko

;L
El
g‘;
>~
HJ
1
Q
c
2
L“O
=°-‘=’rﬂl
_l

ri
(i
o M
=2
o)
2
2
9
N
oE
o
ot
N
N
il
Ho
=0£
> b
= B
el
&
%
|24
B
ﬁ
=
o
r
mﬁ
_L
N
)
é
rE

=l

oo Y

% 7 4
G500 Wek A Al U Ao 49 ABAES] oA TR R B A
el ALgIHE AS HAste] BE ABACINY 4 F5HS FAY

fo wo

» FA|0f: LoRaWAN, ED-H A&

oE
|—_|

YU2E, +H AR, O] ST, AlE2]0]d

» First Author: Sangsoo Park, Corresponding Author: Sangsoo Park
*Sangsoo Park (sangsoo.park@ewha.ac.kr), Dept. of Computer Science & Engineering, Ewha Womans University
» Received: 2023. 12. 27, Revised: 2024. 01. 09, Accepted: 2024. 01. 15

Copyright © 2024 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



2 Journal of The Korea Society of Computer and Information

I. Introduction
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Table 1. Comparison of LoRaWAN Classes

Feature Class-A Class-B Class-C
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tion windows network
Power Low Medium High
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II. Related Works
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III. The Proposed Scheme

1. Extraction of Timing and Energy
Characteristic from LoRaEnergySim
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Fig. 1. Software Architecture for LoRaEnergySim
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Fig. 2. State Machine for Packet Transmission and
Reception in a Node
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ID 19 ROUND 2 SLEEP 29999999.999999985 170.99999999999991
ID 19 ROUND 2 PROCESS 5 0.075

ID 19 ROUND 2 TXPREP 40 0.5

ID 19 ROUND 2 TX 1253.3760000000002 183.61958400000003

ID 19 ROUND 2 SLEEP 997.0 0.0056829

ID 19 ROUND 2 RX1 170 6.4

ID 19 ROUND 2 SLEEP 826.5999999940395 0.004711619999966026
ID 19 ROUND 2 RX2 193.536 6.580224

ID 19 ROUND 2 POSTRX 10.7 0.08881

Fig. 3. An Example of Logs Extracted from
LoRaEnergySim Node Framework
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(b) Packet Received during RX2 (RX1 Reception Failed)

Fig. 4. An Example of Timing and Power Characteristics
Depicted by the Extracted Logs
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Table 2. Task Model Terms for ED-H Scheduling
Algorithm

Term Value for T
G Worst-case execution time
Ri Release time
D Deadline
Ti Period
E; Worst-case energy consumption

th2 |
| J

Y
T=12

Time

Fig. 5. An Example of ED—-H Task Model
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3. Extensions to ED-H Scheduling Algorithm
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LPmax = the maximum execution time for LoRaWAN tasks

ST.(t) = remaining time slots after executing
tasks release and finished within (t,d), where d
is a deadline

interrupt RX:
move the received packet to buffer
raise a flag for bottom—half

interrupt Timer:
move a packet to buffer for transmission
initiate a transmission

foreach clock t:
if ST.(t) < LPmax then
disablelRQ()

else
enablelRQ()
ED—-H_schedule(t)

Fig. 7. Proposed ED—H Scheduling Algorithm Extension

IV. Evaluations
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Fig. 8. LoRaEnergySim Deployment

Table 3. Power Model in the Experiment Setup

Item Feature Unit
L1200 Solar Panel for Power 0.449mW under
Generation 1000 Lux (outdoor)
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