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Abstract

This study proposes a communication planning algorithm to support unmanned ground vehicle(UGV) in maintaining
communication connectivity during reconnaissance missions, even in dynamically changing environments. The
proposed algorithm utilizes input data such as mission routes, the number of UGVs, and the maximum allowable
communication disconnection distance to preemptively identify potential communication disconnections along the
mission path. It then determines the optimal relay points for UGVs, establishing a communication plan that
ensures mission success. Simulation results demonstrate that the algorithm performs effectively in complex environments,
such as mountainous terrains in South Korea. These findings confirm its capability to provide optimal communication
plans under resource-constrained and diverse terrain conditions, ultimately offering practical assistance to operators
in decision-making.

a o

% RS Y YRE SR B0l 02 Wl BYOE B4 928 AT S R AUtk B4
lokgic, ARk FUAZS AT AR, FAAYF 5, Hrh B4 B 318 AekE QY02 Wo} I Ao
H wy 71~— P AL B A0l Tielsk o8 dash) ol SRS 24 7 A8e aelel 9RE 3o
ST 4 G BA AL SYITh ABHM 2k, RIS Aot (g3t 2 B PHIME B A BYS )
300, o} Fol AT AUk cheyet AP 20 M= HAS FA AL ATl 28] Sakage] YLHY =g

2 % 4 9o s

Key words : Unmanned Ground Vehicle(UGV), Communication Planning, Relay Position Optimization, Communication
Connectivity, Reconnaissance Mission

* SOLVIT System Co., Ltd.

% Corresponding author

E-mail : jaimete@solvitsystem.co.kr, Tel : +82-2-6241-6667

% Acknowledgment

This work was supported by Korea Research Institute for defense Technology planning and advancement(KRIT)
grant funded by the Korea government(DAPA(Defense Acquisition Program Administration)) (KRIT-CT-22-027,
Mission Planning Communication/Survivability Map Generation Technology, 2022)

Manuscript received Dec. 9, 2024; revised Dec. 22, 2024; accepted Dec. 23, 2024.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

(619)



142 j.inst.Korean.electr.electron.eng.Vol.28,No.4,619~626,December 2024

AA F8 AR Aol 1 wsf Aokt & - 7l
AEAA T8 918 25| A7 - AL dom &
2] 8% Army TIGER 4.0 Hdj29] AgS s &
A 7N Folth. oJAH FRIAAGE A%
a4 Set AAA oldE 7IHe R /9l FUIAAE
HASIAY AT & Sl wH A% AA] FAHe
2 7R Q1] (2.
FRARIAFGo] AL 2ol antao g 2857

SiAE NS H TR 119 B4l dddel &

3Ho= gAElolo} k. B3, B YT 49 F L
B 4 A AP wsleh ok W 2 el
37 Wslo] igstel BA AAHES fAGHE AL o
% 4Be AHAL BT el B4 dE4ol §
A ke A% AN AR T B AF/FF 24

)

<l 2 ez oF 84l Ago] 8+Eh

71& QoM FRAIRAVIAS] B4l AEE FAIS
7] §13t ot A7t = (812 N-LOS(Non-
Line-of-Sight) &7g0ll4] FRAXIAEFS] B4l A2
FAIE 93l Relay Brickelgl= HEHA $4 HAE
FHoE HjRohz HREE ARl o] A= HE
= oHIEE AAIZIo R HUE St S FAE H
AetEz Az AR 3 A AP A DA e F
k= o] stk 9= AAE B4l B3E /A5

7] gist thg 22 Ao} ol |EIXE Agtstdrt. o] A

J

o
f
%
0
ofy
)
N,
X,
o
i

o] A= A F= 2
FotHer ol F 4 B2 ARl tid HiSely o
I EFoIAe] AS TS ASEA it

£ 7= [8]-[1019] SAKS Hasto] FARVIAF

P AT TS ALY Qe A AE daElE
= ARt Ak daElEe AE odF 8 A 7
APIAF] SA A HAgkE s, dF BE, F
AAVIAF = 2o 41 FE 518 A=t T2 oU?t

19

B g0 74e thewt Zuk IeldE Felxa
Aok AV B AR £4 09S EE ALY

S A A B4, A 9% Aees A
At MAIAE R0 A3 4% S
Sfgt B4 Ag Faelso] o) Agstel, WgelAe
Agdlold 23, whEoR VAoIAE dROR k8
2 wpnejgi

—_

AT AlLf2lL

g74k| _E_klg _?_l%l- Alﬁlﬂ ool ol x{x}

1. A& =g
AR BELS FRIXVIAE AV Rl F& &
A ndg pAEL Z7to] pges they) 7t

N
0.
N
i3
ofy
i,
i
4
ool'
E
4 o
)
v
<o
(o,
~
N~
34_‘__‘:
o
ol

Table 1. UGV system parameters.
B 1. FOIKMRIZ AIAR Ii2H0|E

Parameter Value

Transmission power 8 W
Center frequency 2.2 GHz
Channel bandwidth 10 MHz

Antenna height 4 m
Antenna gain 5.2 dBi

Omnidirectional

User-defined (Unit(s))

Antenna pattern

Number of UGV
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Fig. 1. Reconnaissance mission scenario.
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Algorithm 1 Communication Planning Algorithm for the UGV
1: Input: WPy List of waypoints [WP,WP,,.... W Pg,d

2: Nipae: Maximum number of available relay points

3: Doz Maximum allowable communication distance

4: Output: Success/Fail, Neyrrent, WPreray. (if needed: Nyyeed, Dieea)
5. Initialize Deyppent < 0, success < false

6: while D,yrrent < Dynar and success = false do

7. Initialize Neyprent ¢ 1, WPpay  [J, WP WP,

8:  while WP, < WPg,4 do

9: WPy + FindDisconnection(W Py, W Pgpg, Dewrrent)

10: if WPy is None then

11 break

12: end if

13: WP, + SelectBestRelay(W P, WPr_1, WP, W Pgya, Deurrent)
14: Append WP, to WP,4y

15: Update WP, = WP,, Nowrrent < Newrrent + 1

16: end while
17: if WP, > WPg, then

18: if Newrrent < Niao then

19: success +— true

20: Output: “Success”, Neyrrents WPrelay
21: else

22: A\vnr,m] — A\‘v(:urrt‘nf

23: Output: Npeed

24: Increment Deyrrent = Dewrvent 400
25 end if

26 else

27: Increment Deyprent < Dewrrent + 00

28: end if

29: end while

30: if success = false and Deyrrent > D then

31: Diced & Dewrrent
32: Output: “Fail”, D eeq
33: end if

Fig. 2. Communication planning algorithm pseudocode.
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Table 2. Simulation input datas.
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Fig. 3. Simulation mission routes WP,,.
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Table 3. Simulation @ result.
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Fig. 5. Simulation @ result.
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