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DEVS-based Digital Twin Simulation Environment Modeling for Alternative
Route Selection in Emergency Situations of Unnamed Aerial Vehicles

Bo Seung Kwon*, Sang Won Jung*, Young Dan Noh*,
Jong Sik Lee*, Young Shin Han'"

ABSTRACT

Autonomous driving of unmanned aerial vehicles may have to pay expensive cost to create and
switch new routes if unexpected obstacles exist or local map updates occured by the control system
due to incorrect route information. Integrating digital twins into the path-following process requires
more computing resources to quickly switch the wrong path to an alternative path, but it can quickly
update the path during flight. In this study, we design a DEVS-based simulation environment which
can modify optimized paths through short-term simulation of multi—virtual UAV's for applying digital
twin concepts to path follow. Through simulation, we confirmed the possibility of increasing the mis—

sion stability of UAV.
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Fig. 1. Workflow between real—world UAV and digital

twin model.
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Fig. 2. Digital twin based path—follwing simulation example, (a) Multiple path planning and (b) after path blocking.
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Fig. 4. Show local way—point generation method, (a) Obstacle between nodes and (b) after cell decomposition applied,

Fig. 5. Cell group division of input field and path follow—
ing by each path planning algorithm,
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Table 1. Cell properties of cell group maps.

Cell property Risk point
Obstac.le & Adversarlal INFINITY
object exist cell
Obstacles in the 1~254

adjacency cell (set by object properties)
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Table 2, List of path planning policies.

Method

Note

Shortest—path based path planning

Use A* based modified path—finding algorithm, All cell group
make shortest move—possible path if not exceed limit (< 255)

Active risk avoidance based path planning

Use BFS based modified path-finding algorithm, All cell group
make most safety path which in route list, not distance.

Risk-threshold based path planning

Use BFS based modified path-finding algorithm, All cell group
make the shortest path which not exceed risk threshold. (< 128)
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Fig. 9. Model structure of space model and platform model,

Table 3. Structure and multi—agent functions of UAV Agent.

Agent name

Functions

Path Planning

Planning routes and assign to DT-UAV model

Analyzer

Get results from DT-UAV model, analyze P,,P,h

b

Path Decision

Send optimal path based on result of analyzer

Event Receiver

Map update by external event (scenario based)

UAYV Control

Request emergency route change by critical map update
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Fig. 10. DEVS—-Time based short—term path following simulation,
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Table 4, Parameters of simulation model,

Parameter Value
Cell group size 10 x 10 cells
Number of cells 10000

UAV Time advance 30 per cross cell
Number of DT-UAV 3

Prediction Distance +2
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Fig. 11. Risk map for experiment environment and edge data of C36 to C18 route,
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Table 5, State of single UAV Agent model,

Atomic Model State/Function
Agent assign Ax* based shortest path
UAV move command/simulation result delivery
interact UAV model and Space model
Platform (sensor) receive alert message from Space model
(movement) send next path to Space model
Space (logger) receive UAV position from sensor
(propagator) calculate sensor/obstacle distance in current/neighbor cell group
Event Generator (1) idle (2) generate unexpected obstacle each 150 devs time

Alm, EVG_on® 7§ 58509 Alzte] AH T} o]
AlEY ol A4, UAVZE ol &8 whd 49 ARG
H AEE AEE st 3 A4S UAVE AXA
2 Q% A AAL aelskA] Fskth olw ] ob-
stacle range= UAV Aol EA)3l= 3t Ao
U AR EHERE UAVE 38 AEE A&3HA

180
160
140
g
< 120
S
v
8 100
80
0{— &
Cell Map + BFS
T T T T T v
5000 4000 3000 2000 1000 0

Operation

Fig. 12. Operation cost difference between Cell Map with
BFS and Single A*,
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X
<
>
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— EVG_idle
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20 40 60 80
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Fig. 13. Single UAV path following simulation result,
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Agent send cell-to-cell paths to each DT-UAV Models

Each DT-UAV advances by a single Space Model synchronizes obstacle
path at the synchronized DEVS time information in its GIS to DEVS Time

DT-UAV sends the position which it AR e, Giofree M{)del
. checks whether an obstacle exists
will move to the Space Model

within the same cell

]

DT-UAV and Space Model examine whether a threat
occurred to the UAV through interaction

If collision or
threats is occurred
If there is still a
path to proceed

Delivers risk of the route traveled, distance to
destination, and DEVS time to Agent Model

Fig. 14. Flowchart of simulation progress for multiple
DT-UAV.
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Fig. 15, Path—following difference between real world UAV and DT-UAV,
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Fig. 16. Show obstacle event situation, (a) Non—DT path—following and (b) multiple DT-UAV with alternative routes,
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DEVS Timedl e ZE HAE27 248 &g A0t
=H AR e A7y 7V 717k DT-UAV1E] 4
27 daE A

Table 8& A& oW EZ <ldle] DT-UAV1Q
A7 93 A7 INFE GulolE FJUd A -

A
=

Table 6. Message properties for interaction of atomic models,

Name Contents

Atomic models

Evg_msg

DEVS_time(end), X_pos, y_pos, Z_pos, range

Event_generator, Space

Path_msg

DEVS_time, route_data{(x1, y1, z1),..}

Agent, DT-UAV, Platform, UAV

Res_msg

DEVS_time, T/F message, risk_value, distance

Platform, Space, DT-UAV, Agent

path DEVS_time, Only single path(x, y, z)

Platform, UAV
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Table 7. Simulation result of UAV, Agent, DT-UAV models at DEVS Time 2610 to 3270.
simulationAt 2610
Time pos X pos y pos z risk distance in list
Agent 2610 55 45 15 - 64.03 -
DT-UAV1 2940 55 55 15 INF - throw
DT-UAV2 2940 65 45 15 2971 58.3 alt
DT-UAV3 2940 60 50 15 3141 57 select
RW-UAV 2310 45 35 15 - 78.1 -
simulationAt 2940
Time pos X pos y pos 7 risk distance in list
Agent 2940 60 50 15 - 57 -
DT-UAV1 3330 60 60 15 3835 49.5 alt
DT-UAV2 3270 70 50 15 13085 - throw
DT-UAV3 3270 65 55 15 3376 50 select
RW-UAV 2610 55 45 15 - 64.03 -
simulationAt 3270
Time pos X pos y pos z risk distance in list
Agent 3270 65 55 15 - 50 -
DT-UAV1 3660 65 65 15 7733 42.42 select
DT-UAV2 3660 75 55 15 6452 44 alt
DT-UAV3 3600 70 60 15 7098 43.1 alt
RW-UAV 2940 60 50 15 - 57 -
Table 8. Obstacle distance log in Space Model at DEVS time 2700 to 2760,
simulationAt Object pos X pos y pos 7z distance threshold sensor
DT-UAV1 55 48 15 6.16 Alert
2700 DT-UAV2 45 58 15
(+90) DT-UAV3 45 58 15 B
Obstacle 52 57 13 - -
DT-UAV1 55 49 15 5.38 < 5.19 Alert
9730 DT-UAV?2 45 59 15 o5 (Collision)
(+120) DT-UAV3 45 59 15 < 6.19
Obstacle 52 57 13 - (Alert) -
DT-UAV1 55 50 15 4.69 Collision
2760 DT-UAV2 45 60 15
- 10
(+150) DT-UAV3 45 60 15
Obstacle 52 57 13 - -
2760 DEVS Time2] Propagator 3t o] HE 7] = DT-UAVE Z2 A ZolE 93 "ol H
< Yepdt 22 DEVS Time®l ol &2 (52, 57, st F& o|HMEV BRI, HFH R 2760
139 A e Ui, 598 ARE FFoA g DEVS Time°ll ©7] Al&do]Ade] A WAA=

DT-UAV2, 32 934 voll glof ZA7F LA R

DT-UAV$} Agent Modeloll Al A&



1020 ZEIOICINEE ==X M253 X8=(2022. 8)

Wtk @7 AEdolde AFAE EUE, Agent
Model2 Real World UAV Al i DEVS Time®l
Tg3l7] Ao AAES ARE SIS £ JLs ¢
F Atk oY @] AlEH ol A AlEY 0]
Elol 24399 depthttE =714, DT, , AH
oA DT-UAVE°| &3dure B A =27} threshold
5 =33 491 Agent Modele]l DT, AlAL] A=
o External EventE &3] 4 block WA A& wH&
7% Real World UAV7} E2F8l= DT, 91X A
Agent Model®] Path planning & oo A ES &
g Nz HA2E 99 & 5 Uk

o
[N
r

TolAE DEVS 349 7]ukste] tA <
Made HAEF UAV A2 FF A8 A
FSHAIL, THd @AM o] S Al o]
Al FAFHAE 5 A=S AT
G 453 A AR e A
?ﬂl FAE AA A= A
ol A st
7oA DT-UAVEL
Abd %—8@8}7%4, AH A aFoR F
2 ME H2se A3
S EE8H FrR A
BAEE 39T F Atk A
A& FFehs Agentst did
= 7Md UAVU% 22lan F7hA Q1 vhet
%}H& F Algfﬂl o] A -dﬁoﬂ HstE & %

e

tlo y, to fo s
o 2 R
mooyy ot

ot

Mool o m
N

i g A 9 o

o o =
r—g EIE
e rlo
> o
w ok
@ =
O i
rﬁ ml‘
oo ok
) 031 o ofl

o
2
:_
o
2
_>z

o [—-—
N

o M

o rr oy 2O oMo oo o
N N
tlo - =
)

)
_?L
Boye o
J~
=
&
>
2]
L
U
5
o >
ol
&
o
o

3K xR o

M S > o B
e rir ™ nrqan {o i
e E
fd
AC) m[o
$SEl
sEher

_\\.L
ﬂ —
@ n[o
N iy E
Tel
t 2 ol
=
N,
o
N,

i

A

X

Ron® Ip
(m
o =

of
-

REFERENCE

[1] DI Kin, D.W. Kang, and H. Lee, “Analysis
of 3D-Digital Plotting Using Unmanned
Aircraft Vehicle (UAV) Stereo Images,”
Proceedings of Korean Society for Geospatial
Information Science, KSGIS, pp. 73-75, 2017.

[2] C. Manuj, M. Adarsh, and S. Rahul, “Design
and Development of Semi-Autonomous Fire—
fighting Drone,” IOSR Journal of Mechanical
and Civil Engineering (IOSR-JMCE), Vol.
16, Issue 3, pp. 44-47, 2019.

[3] KL. Best, J. Schmid, S. Tierney, J. Awan,
N.M. Beyene, M.A. Holiday, et. al., How to
Analyze the Cyber Threat fiom Drones Back—
ground, Analysis Frameworks, and Analysis
Tools, RAND Corporation Publishers, Santa
Monica, Calif., 2020.

[4] HY. Ko, J.H. Baek, and H.S. Choi, “Real-
Time Obstacle Detection and Avoidance Path
Generation Algorithm for UAV,” Journal of
Advanced Navigation Technology, Vol. 22,
No. 6, pp. 623-629, 2018.

[5] M. Coombes, W.H. Chen, and C. Liu, “Bous-
trophedon Coverage Path Planning for UAV
Aerial Surveys in Wind,” 2017 International
Conference on Unmanned Aircrafi Systems
(ICUAS), pp. 1563-1571, 2017.

[6] B.P. Zeigler, Y. Moon, D.H. Kim, and G. Ball,
“The DEVS Environment for High-Performance
Modeling and Simulation,” IEEE Computa-
tional Science and Engineering, Vol. 4, Issue
3, pp. 61-71, 1997.

[7] G. Michael, Virtually Intelligent Product
Systems- Digital and Physical Twins, Ameri—
can Institute of Aeronautics and Astronautics
Publisher, Virginia, Reston., 2019.

[8] Y.S. Han, “A Study on ARCS-DEVS-based
Programming Learning Methods for SW/AI
Basic Liberal Arts Education for Non-ma-
jors,” Journal of Korea Multimedia Society,
Vol. 25, No. 2, pp. 311-324, 2022.

[9] F. Lingelbach, “Path Planning Using Probabi-



OIHIAICl RAIA [Het Z2 M

listic Cell Decomposition,” IEEE International
Conféerence on Robotics and Automation,
(ICRA), Vol. 1, pp. 467-472, 2004.

[10] SH. Ha and JH. Kim, “DEVS/Unity3D
Integrated System Design for the Autono-
mous UAV Agent Testing,” The Journal of
Korean Institute of Communications and
Information Sciences, Vol. 41, No. 11, pp.
1557-1565, 2016.

A H &
2020 A& AA-3-5t
skAL

2020 ~ Qlshth sk A1
EEERPE R
BAlEok: A28 29 & AE
dol4, UAY B9, 5=

el 1% ol

N
i)

¥ M ¢

0

20224 Q153 A RS 7 e
ARF o4t
2022 ~ <Al st 2717 e
F3 4kt
BARok: AFAS, Axd 2

& AEHCIA, HAE

I

D AFAE, Holy &
2 ANz 2y & A
go) A

Eis 2|5t DEVS JIEt OXE EQ AIS20IM & e

o & 4
1993 I3t A A3
34}
1995 <lakehshan 2733}
42}

2001A w1 ofglzuyd) 273

. FH S g}

2001 ~2002'd A E Yo}l FAU st A7 HFEHF
sy} A YA}

20029 ~2003¢ ZElEA=

sty xwg

Aststw HAFE TS w

ANzd mdy & AEF A, HAE EY,

AZES o] Fs, Al 2

=eista A7]- e

oH

2003 ~

B ok

s oo Al

— —

20043 A#iEgw W) A}
7—] I’:E-] —J—tﬂ—‘\,]_ —J—?S]—H]—}\]-

2004 olsteixoigta A HFH
2 PR ATA
B oA F AT

2005 A e HE Yo
ah3p 21974k

20073@ olglz=udistw ACIMSAIE Visiting Scholar

2009 AHAT N HRFAFE QA AR F
EENCEE R

20139 dZAd g HFHFIRE 205

2017~ A A3t gt ZeiE|o]st

Ao REH A EH O, HlolH

QAT

%

of
K
B

=)
.
A



