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Abstract Age of Information (Aol) has been introduced in wireless networked control systems (WNCSs) to
guarantee timely status updates. In addition, as the edge computing (EC) architecture has been deployed
in NCS, EC close to sensors can be exploited to collect status updates from sensors and provide control
decisions to actuators. However, when lots of sensors simultaneously deliver status updates, EC can be
overloaded, which cannot satisfy the Aol requirement. To mitigate this problem, this paper uses actuators
with computing capability that can directly receive the status updates from sensors and determine the
control decision without the help of EC. To analyze the Aol of the actuation update via EC or directly
using actuators, this paper developed an analytic model based on timing diagrams. Extensive simulation

results are included to verify the analytic model and to show the Aol with various settings.
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[Fig. 2] System model
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[Fig. 3] Example change in age at the actuator

WA, Fig. 3] Ok thast o] Ak 4 Utk
Q=TY  +¥Y +5V )

ToRA AIZEOE LHo]
] o EC2} Actuator?]

Q,% 7IHEo 2 A HAE

T Aol A4r & Sl=d,
g A|7to] exponential EEE wEckyl 7S}
213 Status Updates

28 AIZF Yol Actuator7}t 2
$A1813L Actuation Update® $dst= 49 Hot

Aol= T3 Zol Ak 4= UeH15].

=) oﬁ

28— g 2p,
Aol :i( oy — [ fbg 7T Py fh n Mg
frg g Gy ) oy — 1) gy

+1) )

9] AlofA x4 Sensor®] transmission rateE 9
u]skal &= Actuator®] computing rates 9Ju|gich
[12]. TESE 28 A1ZF QJofA= Al(2)01A4 Contro lerof]
A AAFE Actuation UpdateZ} Actuator® A4EH:=
AZHE oA Hdt AolE AKX 4= it

25

—+—Proposed Scheme

-&-Conventional Scheme

20

15

Average Aol

10

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
He

[Fig. 4] Average Aol according to ut

Average Aol

—+—Proposed Scheme

-©-Conventional Scheme

0.1 0.2 03 0.4 0.5 0.6 0.7 o8 0.9

[Fig. 5] Average Aol according to 4



128 MEQENZ=E==X HM9¥ H135, 2023

Aotets WY e VA5 Hsl 4 ECE
Status UpdategE $3sh= 7| Wyt A|Qlole=
< HwotHt AEHOlAS fi5t HEE Fo= =
0.58 7Yt w8t wi= 242 13} 0.3°08 715t
At

Fig. 4= w7F W o AQteh= whdat 71& vy
Average AolE HoEt}. Fig. 404 & = Q50| #7t
12 A= 7] W2l wf v/t A dolle HAsE
o] @ojz)7] wEo] AolZt S7VHAl Bl s/ 1) 2
o= =2 ASEE Qo AFT Fol B 5= A o
Al AolZt 71| Hl= A & = Sloh B3 Ak
o] 712 ®of Bls Actuator AHAAR] HFBE
2857 2ol W2 AolE 2= AS IR 4= ¢

Fig. 5= 7} A% uff AQtol= Wt 71& 9]
Average AolE HojEth Fig. 55 E3 Sensor’t
Actuatorg e &E0] £&+5 2HZQl Updates
Bl Aol7t ok A I &= Sl o 29
Boll FHE 5282 40 = Actuators 8ot W

o _}'\__ (o]

~
Mol 9y S

o
i

()

E =F2 Wireless Networked Control System
(WNCS)OIA Sensor?] Status UpdateE AFH 53
< 7k &= ActuatorolAl 2H AZ5te] Controller
9] HslE Zo|HA F2 Age of Information(Aol)E
AT & e Rt Aottt B85 24& 9 A
e AJ7to] AoAAY Actuator? computing rate”}
SV E At WY Aol7t HolRE Bk &
Foli= multi-source Aol #41& XL ool theF
S 7 BES 8ot ECY Hopt Aadsts de=
A ASotax gich

REFERENCES

[1] R.K.Manasano, R.J.Rodrigues, E.P.Godoy, and D.Colon,
"A New Adaptive Controller in Wireless Networked
Control  Systems," IEEE Industry Applications
Magazine, Vol.25, No.2, pp.12-22, 2019.

[2] S.Park and J.Bae, “A Design on the Zone Master

[10]

[11]

[12]

[13]

(14]

[15]

Platform based on IloT Communications for Smart
Factory Digital Twin,” Journal of The Korea Internet
of Things Society, Vol.6, No.4, pp.81-87, 2020.

M.Lee “Performance Evaluation of Smoothing
Algorithm for Efficient Use of Network Resources in
IoT environments,” Journal of The Korea Internet of
Things Society, Vol.7, No.2, pp.47-53, 2021.

M.Lee “Smoothing Algorithm Considering Server
Bandwidth and Network Traffic in IoT Environments,”
Journal of The Korea Internet of Things Society,
Vol.8, No.1, pp.53-58, 2022.

W.Liu, P.Popovski, Y.Li, and B.Vucetic, "Wireless
Networked Control Systems With Coding-Free Data
Transmission for Industrial IoT," IEEE Internet of
Things Journal, Vol.7, No.3, pp.1788-1801, 2020.

Y.Sun, E.U.Biyikoglu, R.D.Yates, C.E.Koksal, and
N.B.Shroff, "Update or Wait: How to Keep Your Data
Fresh," IEEE Trans. on Information Theory, Vol.63,
No.11, pp.7492-7508, 2017.

X.Wang, C.Chen, J.He, S.Zhu, and X.Guan,
"Aol-Aware Control and Communication Co-Design
for Industrial IoT Systems," IEEE Internet of Things
Journal, Vol.8, No.10, pp.8464-8473, 2021.

J.P.Champati, H.A.Zubaidy, and ].Gross, "Statistical
Guarantee Optimization for Aol in Single-Hop and
Two-Hop FCFS Systems With Periodic Arrivals," IEEE
Trans. on Communications, Vol.69, No.1, pp.365-381, 2021.

W.Dai, H.Nishi, V.Vyatkin, V.Huang, Y.Shi, and
X.Guan, 'Industrial Edge Computing: Enabling
Embedded Intelligence," IEEE Industrial Electronics
Magazine, Vol.13, No.4, pp.48-56, 2019.

D.W.Lee, K.Cho, and S.H.Lee, “Analysis on Smart
Factory in IoT Environment,” Journal of The Korea
Internet of Things Society, Vol.5, No.2, pp.1-5, 2019.

Y.Kyung, ‘Delayed offloading scheme for IoT
tasksconsidering ~ opportunistic =~ fog  computing
environment,” Journal of The Korea Internet of
Things Society, Vol.6, No.4, pp.89-92, 2020.

L.Ravaglia, M.Rusci, D.Nadalini, A.Capotondi, F.Conti,
and L.Benini, "A TinyML Platform for On-Device
Continual Learning With Quantized Latent Replays,"
IEEE Journal on Emerging and Selected Topics in
Circuits and Systems, Vol.11, No.4, pp.789-802, 2021.

R.S.Iborra and A.F.Skarmeta, "TinyML-Enabled Frugal
Smart Objects: Challenges and Opportunities,” IEEE
Circuits and Systems Magazine, Vol.20, No.3, pp.4-18, 2020.

H.Ko and Y.Kyung, "Performance Analysis and
Optimization of Delayed Offloading System With
Opportunistic Fog Node," IEEE Trans. on Vehicular
Technology, Vol.71, No.9, pp.10203-10208, 2022.

Q.Kuang, J.Gong, X.Chen, and X.Ma, "Analysis on
Computation-Intensive Status Update in Mobile Edge
Computing,” TEEE Trans. on Vehicular Technology,
Vol.69, No.4, pp.4353-4366, 2020.



Wireless Networked Control SystemO|A Actuator 7|8t Direct Actuation Update it

H

129

[

A A 2(Yeunwoong Kyung) [BAlEIY

= 201149 2¢ : wedisty A4
A oS (FEHAL

= 20164 8¢ : mEsty A71H
A o5 sHR(F A

= 20169 9¥ ~ 20209 3¢ : 4t
QA RAAAE AAAT

rN

=2020 39 ~ 2022 89 : FHAIT St AFHEFIE
A

#20224 948 ~ @A FPFFU FRSAIES
g

(TR Ho)
AFEJIEY(I0T), SDN, 5G/6G, °154, mHtd AH|A

U Ef =(Tae—Kook Kim) ENER

= 20044 84 : 1Edisty A7|A
At (EEAh

= 20064 8¢ : 1ty H7IE
2YASIHZ A

= 201443 8¢ : sty mutd
SF AN Z A

" 20169 3€ ~ 20229 29 : FEHL AISHE w5
®2022 39 ~ @A 1 SHFAW AFESOE i

(Al Eo})
AEUHU(0T), Ed2 A% YIEQA(CDN), 54, <1
FAS(AD, HHolE, et AHA

Zl & Z(Youngjun Kim) (=519

= 20109 2¢ : sty A4
AAuhg e (FSHA
= 2022 8¢ : 1ty H7]A
A ukg R (FsHEtAD
= 20224 99 ~ @A : Addigw

ARETAR 15

¢

(FAEOR
ARl Yl(IoT), WiFi, SDN, HHIY AH|A



