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ABSTRACT

Purpose: In the near future, it is expected that UGV(unmanned ground vehicle) will be put into battle due
to IT technology and unmanned technology development. In this study, we analyze the combat effectiveness
considering communication effect where complex combat information and commands are transmitted.
Methods: We use ABM(agent-based modeling) and wireless channel module which provides sophisticated
communication effect through geographic information and UGV performance. And UGV combat simulation
using wireless channel module is used to grasp the combat effectiveness according to the number of packets,
which is a unit for storing all information and commands having high complexity.

Results: The result of this study is to derive the optimal number of packets which does not decrease the
combat effectiveness and the number of lost tanks. The number of packet increases, the survival ratio of
our tanks are decreased.

Conclusion: In this study, we reveal that the communication success or failure could affect the combat
effectiveness. Also, it helps develope the standard communication protocol between UGVs and could be applied
to analyze the cost effectiveness analysis in UGV combat environment.
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2. Literature Review

<Table 1>& F7|AA2] AF gy} EA3 BAlaz B4 Idd JdFES YeRdT) 7]& A5 Aol A
H WE UGV/UAV/UUV(Unmanned Underwater Vehicle)9} & §-01 §-7] @ 01 7] £ o5 71 A4
3k B EF, T ol aea R R A 840 ne s,

Table 1. Literature Classification according to Study Feature
Year Type of Methodology Unmanned Goal of Effectiveness Combat
for Study or Manned Analysis Environment
1992 {(Using Device) O
2009 L g O
2010 L g ([ (] v
2012 | ODevs, OPNET) ° O -
2013 ¢ (] [m] A
2013 ¢ O BI(Combat Entity) —_
2013 $(RPGM) O OJ —
2013 $(Marcov Chain) O O —_
VAN
2014 4 (EKF Algorithm) QO O _
2015 ¢ O [ | —_—
A
2015 4 (MABMS) ([ BV&V) -
2016 * ( BV&V)
O(TDMS)
2016 L [ J B(Decision Making)
This
Study ¢ O =
& : ABM O : UAV (w] : Commum(‘tatlon & ' .
. . Combat Effectiveness A\ o Aerial
< & Other O : UGV . o .
. . . [J : Communication = Ground
Mean of | Simulation O : UUA . .
) . . Effectiveness V¥ : Sea
Symbol 4 : Algorithm or ® : Manned ) . .
. . M : Combat Effectiveness : Not
Mathematical Method : Not . .
() : Used Method Mentioned & - Other Study Mentioned
V&V : Validity&Verification
FRAFZAAZY F4€ A5 33l vjs) ABME A7 A A

al., 2013)01] o

FAF71AAE FJE A8 sk ABM doll= HEYA T4 AF
Warfare)i T

g A7} FaE e,

8 A

LERE

AFE

1§ AT JLE FATIAAL TG T
| LY

2 ool Rul(Lee et al, 2015)9l tidk A1 glom =7} A4

= oJn]3= NCW(Network Centric

A Park et al, 20100 AF7] Fofoll tgk A-(Shin et al.,
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o83l LE 4l TFol= UGVZE 59% A dES 8sk 4541 WH(Severinghaus et al., 2013), 9= A

21 37 7 H(Sagir, 2013), UAVE ©]-8-3F UGV 7+ 541 VIE$IA 7= (Thulasiraman et
al, 2014)°l digk A77}F Stk Kaste er al(1992)2 1541 FHE AA o] &3t AlEHO|AS S8 HAIA
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Figure 1. Data Format of MIL-STD-1553B
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MIL-STD-1553Bol| A HIA|A] AEd-& 98] AH&8l= dlolH 342 Command Word, Data Word, Z2] 3 Status
Wordz 745l o, o]& o] &3t T4l #A2 th53t 2tk W4 Command Words 41 830 $4l& 9%
3k, 2071 HIEGBiDE ol&ate] $4l 2 2l 9% 2 AEsh= Data Word®] 7ol tigh JBE w=th Data
Worde 5713} 2lsol AMR-E= HIE 3709 o AE8 HE & AlQg 167] HEE o]&ste] T 54
A5 4n 2 e Tl vpxehe 2 Status Words A% Command Word % Data Wordell ©31 17} o
2] 7 B AR A AR o e AR o] AMS Al Fold didel Al gl Ay tE HAIAE aT-gkt
(ICE, 2012).

3. UGV Combat Simulation with Wireless Channel Module

ABM2 Mz g 7jAEe] &
A, Z7) v F7AA G v 291E50] Bof HlAag Al FE o
oAM= FRIFANAAZ FAE AT A3l B ZAYS 98] ABMo| 7Hs3t Java
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Ho
1—1:1
i
-
e
rob
i

3.1 UGV Combat Simulation using ABM

FRAFZNAAZ; B AF AlEdeld RA"S <Figure 2>9F o] Aol <l UGV, %57 Fd4%-<
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Figure 2. Simulation Processes for UGV combat
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HA AZ)-SA7 = ol sshaA UGVel Mol Al 27] 71& ¥He Wil 27] 7] ¥Hs 33 UGve d
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AlZEo] 1000% /g otk ad T8 310 opd Aol A o] A9]-SA17]= UGV 3 A=Y L B4 4

.
A UGVE 2719 71$etehs B9e Bod 37 9y WA ga Fold o)F J=E webd /15w
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A 3ol ol RARIIAA He % AF R okE e AYdE

Main Unit Agent Sub Agent
+ Providing combat environment + Defined by Sub Agent » Function-oriented Agent
Generation, positioning and + Defined our team and enemy * Rule the Unit Agent action
moving path setting about + The combat weapon entity
Unit agent
( cell = 5
= Consider terrain (&0
properties uGv

e
H

L

- =

“Q -

Commander

Based
Command

Battle Field

Figure 3. Various Agents used in AnylLogic
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5 71 7Pke Aol 9§ Aol ek AR E A3 BA| 7)ol A Hlit). B4 do]dEE RS B 91X AR
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Figure 4. The Scene When perform the Combat Simulation
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3.2 Communication Process with Wireless Channel Module
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* Msg. : Message
“ACK(Ack led 1t) : Ack led

9
() : Action [ : Results after Action
<>:Judge - = =+:No

Check ACK*™ Check the N th ACK*
Reception Transmission N th Msg, Transmission
P Attempt Reception attempt
Failed

the Nth MSG. [~
Transmission

Reception

Reception
Success<2sec?,

Success<2sec,

YES YES

Attempt o
Transmission s
<3 times?

Attempt
Transmission
<3 times?

No

o | The N th MSG.
Transmission  f=f—
Success

YES

ACK Attempt N th Msg. ACK Check the Transmit the
@. Tr:::re“r‘nsziton Reception N th Msg Reception N +1 th Msg Nort &: Mg,
Success Transmission Success Existence

i | M N = N+l

Figure 5. Communication Process

_ Wireless Channel Module
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+ Using xy coordinate
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. C2NLOS (Applying Long-term fading) | | + |65 ; Line of sight
+ DI_LOS ** NLOS : None Line of Sight
Movement of Agent « D1 NLOS *** SNR : Signal to Noise Ratio
— ***x*CSR : Communication Success Rate

* Moving Distance H

+  Velocity C—: Calculate

[—1: Information

| TX(Transmitter) Performance

Choose the Suited .
Performance Information . Gettlng"*
EX) PER(Packet Error Rate) Received SNR***[dB] -

| RX(Transmitter) Performance

Function
(1, 100)
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Figure 6. Process of Communication Success or Failure
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FAl AR C2, & AF Dlolgke Al 7FA AZ T ol &l -5l wet 7HAAd dr oJ5E gusi=
LOS/NLOSE 1283 6714 Ay el we} Pathloss Model g o]-&3kt) B Q-tol| A ARE3H= 6714 Alvke] 2
o] W2 Pathloss Model <Table 2>3} #t}.

Table 2. Pathloss Model according to 6 Scenario

. Shac.low Applicability range
Scenario Pathloss[dB] fading Ant. height default value
Std[dB] e
—A=238,B=412,C=20 B 30m < d<dg,
LOS | —PL=400log,(dlm]")+11.65—16.2log,, (k) ;g dyp < d < 5km,
c1 —16.210g,, (h ") +3.8log,, (f.[GHz]Y /5.0) oy = 25m, hpy = 1.5m
NLOS PL=(44.9—6.5510g,, (h ;) log,, (d[m]) + 31.46 . 50m < d < 5km,
+5.83log,, (h y) +23log,, (f.[GHz]/5.0) 7= by = 25m, hpy = 1.5m
— A=26,B=39,C=20 - 10m <d<d yp,
LOS | PL=40.0log,(dlm]) +13.47 —14.0log,, (k' ;) “;g d pp<d< 5km,
co —14.0l0g,, (h ) +6.010g,, (f.[Ghz]/5.0) 7 Dy = 25m, by = 1.5m
NLOS PL=(44.9—6.5510g,,(h ) log, (d[m]) + 34.46 g 50m < d < 5km,
+5.83log, (h 1y) +23log,, (f.[GHZ]/5.0) 7= hopyx = 25m, hpy = 1.5m
— A=21.5,B=44.2,C= 20 B 10m < d < dpp,
LOS | — PL=40.0l0g,(dlm]) +10.5—18.5l0g, (hpy) o= é dpp < d < 10km,
o1 —18.510g,, (hy) +1.510g,, (f,[Ghz]/5.0) 7= hyx = 32m, hpy = 1.5m
PL=25.1log,,(d[m]) +55.4 Som < d < 5K
NLOS —0.13(h 7y —25)10g,((d[m]/100) c=38 1 = 39m. h . 15
TX = 94T, Npxy = 1.0m
—0.9(hpy—1.5) +21.3log,, (f.[Ghz]/5.0)

1d|m] : distance, m

2) hyy t Height of TX
3) hpy @ Height of RX
4) f,. : Carrier frequency

4h/ ’
5) dyp= M(ﬁ v = hopy — 10m, B e = hpy — 1.0m, ¢ = 3.8 10%m/s)

FT271 7k A=, F5A717F A8 Fol, W)l FiE 218l ske] Pathloss Model s 3l AIAI7]9F &
A7NE o]83t] F20A7] of 4e4] k] SNR(Signal to Noise Ratio)

&
2
=
~
fo
2
dlo

Received Signal
Noise

SNR = 10log,, @)

H|-&-S ¢u]3l= PER(Packet Error Rate)oll thdsle] £ A
15 1007H 28 o] &3t ?Y 352 A gslo] BEX AT o5
N 37 53 e gokdl @ 428 o) AAE =), B AT
ER F41(Yoo and Jang, 2009)= o] &3} Th & Aol 414
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4. Combat Effectiveness Analysis according to Packet Change

4.1 Initial Condition Setting for UGV Combat Simulation

B QoA ALIASl A A BAE 98 2 RARAAAe A A, 223 A8 R o A4
FA7h EAHT, <Table 3> o} s} Ao FRATIAA] % D AR Fo} & FAE, Figure 7> A
g7l dhal e,

Table 3. Blue team and Red team Setting

Blue Team Red Team
Number of Tank 30 15
Number of Commander 10 3
Number of UGV 2 0
PoD" ~0.02< d”+ 100 -0.04 > d+ 100
PoH” -0.013Xd+ 100 -0.01

1) PoD : Probability of Detect
2) d : Distance between Blue Team and Red Team
3) PoH : Probability of Hit

74 iAo ek g1 &5<2 PoD(Probability of Detect): UGVSF Hx} EF -8 3
PoH(Probability of Hit)&= AFA 0] 7F5gk Aabgk ARg-gtt). d ok @t A Atole] AR, d9lv= mE 5&
obrdl BF " Al d= ' BT A o) Ag)-SA7] HlEe] 3 o) 19e & 5 A=, o= g el A%-E
A717F 3ee] MApel Al ©A] FH] wE HEs WEl7] etk dl= "ol Al UGVZE Sl olfre Wl Y7del7]
o WA 7]5skA %L—Fl EF 29 MIFAAE BA8E W 524 9s AR witolth & ol
ol A AR AT $7L <Figure 7>3 o] A% s A9S oI o= 343l LOS/NLOS 342 vrehi7]
A3 =7t = Cel % 7183

nqm
o
R

fo,
>
nqn ik
=
9
R

o

0

.

3

o P

Battlefield area : Hwacheon-gun, Gangwondo,

~ L Korea

Total Cell Size : 400m*400m
Number of Cell :1,200
Mean of Cell : Altitude

Figure 7. Battlefield and Cell
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4.2 Combat Effectiveness Analysis Method : Paired T—test

B ATe w2 5EEE AW ARE gE 7 g bE AFAe 74 3 W3} Folg golele Zlo®,
0] A7 ARt A5-9F n7h o] Z& AFEshe 499 RS 247} 10003] AlEd oIS Aad & mEE
A5 A v)&) BSR HH ks o83t 27019 Hs o83 vlal #4991 T HA S o] &3t o] & B3l BSR
o] froJgh zfol& Holm FrAsHA == 54 A /Het frolgk BSR AbolE Hol= 7l 7 AtolellA] BSR Bt
o] zpo|7} Z EA A E BAS S BRI} 2 wAA ALY A A3 7] AR RS gleldit) B AT
= oke] HA TGl whE ofwre] MFE I gheto] o EAo]7] whitel] Ao A A= IR g
oA ol AR ARt 2AGTh

=y

RARAAAZ THE AN AFEAES WolEeH 2= 97 £8 Fab] el dhaitel sk 1) o)
7% Abg ek wdol ojs) 9% AGehs 9B melstel nlel 2 58 ALgaks melol] dis) Ui E8 T A
A% o] §9ch <Figure 8> vhg EX T AAL ol§82 m) AFEAT ] §EE AaT Bl AR 5 el
gla sgelu).

BSR Average* of Model
using 1 packet

BSR Average of Model
using n packet

Paired T-test
and Analysis changing

-

Perform
the Paired T-test in CL** = 99%

YES

p-value<0.01?

No

X
Using n packet means
meaningful decrease
in icatit rate

v
Using n packet does not means
meaningful decrease

in rate

T
v

T
Y

Using n-1 packet is
Optimization packet
in military communication

Analysis BSR Average Model
Using n+1 packet

and using 1 packet model

»
—
=
i
>
>
oo
ol
ol
rlr

o8]
wn
Ze}
o,
=l
=
u

v
Analysis the Changing of BSR
according to
packet number change

S

*BSR Average : BSR average of Model using n packet
that simulated 1000 times
**CL : Confidence Level
: Information

Eelo] BSR At gkoll thell 212 =& 99%°14]

& o] =
it vl ol 28 T A4S AAEh os 22 T 3274 23, 5 229 BSR Bt #tell vigk pgke] 0.010]=hd
Al e8] AF Avol] JS A Hrr "ol Hor gusle], AF Ayl JakS n|xA| kA s A
4291 n-1707F A5l Agat H Ao w7 47} "k T AL 58 A9 w7 5= o} 9o= g7 4= sl
o3t BSR H gt ol83te #7  F7ol i B4l AFE Wl ol Tefsith £ Aol AE 207171419
HH F7A AFsrd o, AFg3 B4 22388 SPSS ¥ Excel o] 88131t}
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4.3 Combat Effectiveness Analysis Results

A7 s AHgete EEa si7 2/05E 7 207071 ARgshe BE 7] Ol ZE T A4S AE 5
99%l A A8t <Figure 9>& A7 115 AH8hE 4-$-HE 20715 AHEshe 499 BSR Hitake] ol$
HE T ARANE HojErt olo] 2w 17] H71& AR 3S wioh 270 siZl & AMEaS wio] BSR et gt oish
T A4}, NG 99%l A F 74-9-2] 2po] 7} 2.5433% wHE 2ko]7F vhaL pgko] 0.0002.2 wj$- f-2] 3 xjo] S
walch w3 A7t soldel el 3l 1E AMSehE 99k BSR Htgk Atol= wiF 2715 A 9o
BSR 3k Apolwtt S71skal Aes & AUtk ol FAFVIAAT T AF SAAA ] 275 AHES)
749 AR 1742 AHE3 Z$-10 BSR i gko] 2.5433% 5 AF Aol G vd Frz gasda R
55 97 UNE ARSEE %9}94 BSR gk 2Fe17F 2.5433% 80} B A7) wiiel] Hj719] 57} Bol
5 A5ave o ozt & AFads Hdsgslr] 9 A1 F g A wdsk 5 9l

¥ mlo rr

HEx
FHOI2) 99% M2 22t
. ] .. i CEES
B EEMA BELH akEt A5t t AR (s
HE 1 W3- 132 25433333 7.BB38525 2423523 1.9178803 31687864 10.494 8499 ooo
HE 2 21 - 1= 4.4833333 7.BBBB2TS 248TR46 38413317 51253350 18.022 8499 ooo
HE 3 mE1 - THE4 B.6766EBT 7.8335124 2508797 6.0282065 73241268 26613 8499 ooo
HE 4 =1 -IEs 7.9866EET 7.7B21636 2454612 7.3531904 B.6201429 32537 999 ooo
HE s =z -IHEe 8.7300000 8.1170388 .2566833 B.0675621 9.3924379 34.011 999 ooo
HE 6 21 -IHE7 9.7833333 7871433 .2489166 9.14093949 10.4257272 349.304 999 ooo
Hs7 =11 - IEe 10.5833333 | 8.1064373 3563481 99217606 | 11.2449060 41.285 85949 ooo
[E=g] AR I AL ) 10.7266667 | 8.0362293 3541278 | 10.0708237 | 11.3825096 42210 85949 ooo
=9 4311 - D420 | 11.1800000 | B.2575358 (3611262 | 105080960 | 11.8538040 42815 85949 ooo
HE 10 2 - 131 11.0300000 76774011 2427807 104034413 11 6565587 45432 8499 ooo
HE 11 31 - 132 11.6600000 7.8649968 25187453 11.0088704 12.3100296 46.293 8499 ooo
HE 12 i EAR T A e 11.2800000 B.2977512 2623879 10.6028140 119571860 42 988 8499 ooo
HE13 I EAR BT AN, 11.6100000 B.4499422 2672106 10.9203936 12.2996064 43.449 999 ooo
HE 14 =21 -IHEa 11.5900000 78733376 .24849768 10.9474507 12.2325493 46.5951 999 ooo
HE 15 =21 - IHEE 11.9633333 7.9566721 2516121 11.3138831 12.6126836 47.947 999 ooo
HS16 D21 -IH2M7 | 11.9233333 | B.1240459 2569048 | 11.26033236 | 12.5863431 46.411 85949 ooo
HE217 421 -I§321M8 | 12.0533333 | B.5B36894 2r144m 11.3528117 | 12.7538550 44.405 85949 ooo
[HS18 IHZ1-IHZ2119 | 12.036BB67 | B.00GS5B7 3531886 | 11.3832451 12.6900882 47.540 85949 ooo
HE 19 21 - 1320 12.0533333 81051811 2563083 11.3818631 127148035 47027 8499 ooo
Figure 9. Results of T-test on BSR average
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70
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2
= 64
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§ The number of Packet Range BSR Average
262 1~10 61.9573
= 11~20 57.5067
]
60
- 57.9467
58.0467 — ) 573033  57.1900
57.5667 .
57.2633 57.1733 57.1733
56
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The number of Packet
Figure 10. Change of BSR average according to the Number of Packet
BSR #Hitgko] mAgk xfo] = A3} slehs whgsh= 7kl tisl ol Aol7) EAlE=RE etslr] 93
<Figure 11>} o] 524 siZ 7|t 17 zbel7h vz 37 sl i) di-g 2 T A4S Adsiolch

7t
EEFET D
mzo| song
B2 EEDA | EZen a5 oot t il @)
e BRI b 2.5433333 | 7.6638525 .2423523 1.9178803 | 3.1687864 10.494 999 .0oo
a2 THZ2- 33 1.9400000 | 7.8857702 2406862 1.2856200 | 2.56843800 7770 elefe) .0oo
g3 IHZ13- 24 21833333 | B.0255376 2537898 1.5383629 | 2.8483038 B.642 999 .0oo
a4 24 - T3S 1.3100000 | B.3392045 2637088 6294310 | 1.9305690 4.968 elefe) .0oo
g5 IHZs- 216 7433333 | B.0229283 2537073 .0BB57S9 | 1.3980908 2.930 999 .003
=26 26 - 37 1.0633333 | B.5314416 2607873 3570757 | 1.7495810 3.904 elefe) .0oo
HE7 IHZ7 - IH2le .BODODOO | B.GB27960 2745741 .0813902 | 1.5086098 2914 999 004
=8 IHZle- g 1433333 | B.4099918 26558473 -.5430127 8206794 638 elefe) .580
g9 i EAL R EART] 4533333 | B.3664700 2645710 -.2294609 | 1.1361375 1.713 999 .oe7
HE10  DZhMo- T2 -.1600000 | 8.3421542 2638021 -.830e098 5308098 -.669 999 870
W11 21 -T2 6300000 | B.3196611 2630908 -.0488741 1.3089741 2.395 999 017
H&12 MIM2-123 -.3800000 | 8.25909381 2611756 | -1.0540315 2040315 -1.455 elefe) 146
HE13  THZ13- =4 3300000 | B.995357T7 28445832 -4041182 | 1.0641182 1.160 999 246
HS14 MIM14-14215 -.0200000 | 9.0893086 2874292 - 7E17857 7217857 -.070 elefe) 945
HE15 IH215-TH3NE 3733333 | B.5544284 2705148 -.3246003 | 1.0714E70 1.380 999 168
HE16  TH26-THZN7 -.0400000 B.7843300 2777848 -.7568961 B7BB961 -.144 999 886
HE17  IH2M7-T3Ne8 1300000 | 8.2153990 2914165 -.6220760 .BB20760 A46 999 656
HS18 MZMe- 1218 -.0166667 | B8.7813663 2780074 - 7341370 7008036 -.060 elefe) .852
HS1a DH319-DH=l20 0166667 | B.5319833 2688050 -.6796352 7129685 062 999 851

Figure 11. T—test Results n Packet and n+1 Packet
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Table 4. The Number of Survival Tank

The Number of | The Number of Survival Tank
The Number of Packet | BSR Average Survival Tank (Fractional Drop)
1 69.2267 20.7680 20
2 66.6833 20.0050 20
3 64.7433 19.4230 19
4 62.5500 18.7650 18
5 61.2400 18.3720 18
6 60.4967 18.1490 18
7 59.4433 17.8330 17
8 58.6433 17.5930 17
9 58.5000 17.5500 17
10 58.0467 17.4140 17
11 58.1967 17.4590 17
12 57.5667 17.2700 17
13 57.9467 17.3840 17
14 57.6167 17.2850 17
15 57.6367 17.2910 17
16 57.2633 17.1790 17
17 57.3033 17.1910 17
18 57.1733 17.1520 17
19 57.1900 17.1570 17
20 57.1733 17.1520 17

. Changing of the Number of Tank
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