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Abstract

The importance of geospatial information is increasingly highlighted in the defense domain. Accurate and
up-to-date geospatial data is essential for situational awareness, target analysis, and mission planning in millitary
operations. The use of high-resolution geospatial data in military operations requires large storage and fast image
processing capabilities. Efficient image processing is required for tasks such as extracting useful information from
satellite images and creating 3D terrain for mission planning, In this paper, we designed a cloud-based operational
situation mixed reality visualization system that utilizes large-scale geospatial information distributed processed on a
cloud server based on the container orchestration platform Kubernetes. We implemented a prototype and confirmed

the suitability of the design.
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Table 1. Requirement of mixed reality visualization
system for operational situation
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Fig. 1. Architecture of mixed reality visualization
system for operational situation
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Table 3. Mixed reality visualization system prototype
operation test environment

Operation environment

CPU: Intel 15-1135G7

Laptop | RAM: 8 GB
GPU: Intel Iris Xe Graphics
Specs
AP: Qualcomm Snapdragon 850
Hololens2 | RAM: 4 GB

GPU: Adreno 630

Center Longitude/ | Longitude: 100.476685

Latitude Latitude: 13.75563
Zoom level 14
Image data Google map data(.png file)!""
Terrain data Maptiler data(.terrain file)!'”
Map range 1 km, 3 km, 5 km

Rendering Engine | Unity3D

3D Object Asset | F-15K, K-2(.fbx file)

St Al 2 el 7)< 88 A A7 Al1E(2024 29) /65



41 23teial 2HX MM 25 T2EER! 73 =3d4d FRx g A% vaE {8 A
Alggl e 7]k A A 2 vsEEs AEsh] $ 7 (Map range)= 3 km, 5 kmZ W73l =EE 3}
A fox HAQl F-15K 33 K2 AxF AAS A} Hololens2ol| A o] ZQJAIZHS S7d3kde). 1k A wE
L3515t 7wtk 103 WhEste] FaElolon AHAn=
Table 49} 2t}
Table 4. Test result of mixed reality contents creation AgE F3ll RER A= HAA] wbFol 7t
Unit : msec e gt 2Y7bA e X Alzto] 1% m|vko] AQF
A Ao sk 2|
Count Ly Court Latency 1} Hololens2ol A+ 3 km Y43 AASE w] Ho ‘6.39
Map OL]f” Map OL]f” Z, 5 km WY WAl Al He 734271 AAEE 891
(0) (0) - - -
A2 | gy | 20| OO0 |range | peg | 120 | Ho T 5 ARk ol smdlele] A Aolz WY
Aoz FAHAY I AL S WEste wjF3
1 | 241 | 6176 1 282 | 7403 MA 2] =2} Google Mapoll 2] A= S U3
S wo] A& vlaste] $A7F AXFS G
2 | 252 | 6071 2 | 330 | 12
AAT
3| 249 | 6315 3| 314 | 34 Fig. 6 Hololens2ollA] &3t Zelx YA =2
EER]S 523 shdo|t),
4 | 45 | e 4 | 293 | 7347 HdE % el
5 | 225 | 6456 5 315 | 7580 4.2 3D =l/FL/3|M/0|8 BE Z2EER] 73

3D F/F2/3dY) o5 S VTS HHFeRE A
g3 4 JEF UlE TFdsislen, dyEaysd
7 | 253 | 6860 7 | 424 | 7065 Aol MRTK®] BoundsControl APIS Al-&3le] Z3t
A AF AAE waR FHolA el ez 7
EES  JEF Fdsed F4 A AF 919
9 | 230 | 6379 9 | 338 | 7597 AAEC] AY HelA Hojxle AL BAE] A
/5403 A Aol AAES HEAsE & g
Fa/3) 40l TR Al @Agees TSI o
Mean | 243.1 | 6393.4 Mean | 325.5 | 7340 Alell & MRTK®] ObjectManipulator APIZ AF&3}]
LAt s s Edd AYS fa oled
A== TEET). Fig. 7S 3D Fl/EF4/3] A/0]
TIEER] F FavolE 57 sfdolth

3 6 265 | 6365 5 6 309 | 7159

8 223 | 6361 8 301 | 7198

10 | 248 | 6680 10 | 349 | 7415

A/ OX® DA
‘.'."‘(ﬁ;’ ST OIS/AA

DAY F2H

o8y

Aue
g

totalLoadTime : 00:00:07.7628602

Fig. 6. Prototype for mixed reality contents generation Fig. 7. Prototype for 3D scale, rotation and move

66 / =AMLk 8| A] Al27E Al1E (2024 29)



4.3 O|o|X| 2u{zio] 28 Z=EER 78

ojmr] exj#le] Ve EFAFA AP AH 9
of g2y AX oHAE Yo §= VFoeR X2
B8 7 Aol e daE A oAl AF Add)
T AP oIMAE AR EolE sk
lé A AL} e ¢ Q=S Sty LR EE
sl 71 A el oAt &Rt As
g 4 AJrk Fig. 82 eHjgle] TEE
&4 shdelth

oJw]#|

RUNICIRY 157
o r& mlo

0|0|x] 2e2]0] M

ogxd pad  EBYAM
i BT T

U2 Auyae  EnEd
a ":ﬁ g MR

g

-

= ’ s
I ——
B3/

g
ETE -

0[D|x| 280 &

4/ OAw 03N
n//'w{! Aswi OISR

uae  Auae ;ﬂ'»‘
spay  EE&Y g e M

Fig. 8. Prototype for image overlay
44 He| ¥ MY EH 25 ZTZEER! T8
3 Mg AA WES Vvtem A %
WA 54 BE IREERYS TdEsen oF
Google Eartholl Al A|Fate Azl 2 WA 34 7|5

3 AdghS Hwsge A 2 Wy 54 mE
5 % oo Aol7t g °i°ur 7t Zl*:ﬂ}ﬁ} e A

2w Bgshe 94X Aol

= Jlsel sAde A<l # a1, Fig. 991
Fig. 102 Ag 2 W3 24 Z2Ees] 52 34
ol e},

30 24
olg/AA

s/ OBXA
WA e

nyae
Amay  wHed

Fig. 9. Prototype for distance measurement

Q

om X1

a/a4/
ey JER s

auae
Anay  Bual 8

Fig. 10. Prototype for area superficial measurement

45 X2|37HE 37 5 ZR2EEY 7

AYFgn. FF EE TZEEYS A AR
Aol HAstE AA o]F H A 75S T
o, H7 HAEY TS s8] Ya HAE A

Td3I BlAE MY Pythons ARESte] 4
2]

|

¢
[¢}

]1:

2ee Jon FANGT EFAY /A5 A
B AsE FBA g A B4
F ke FelAdll Agshes Fastglon 4
2 BAE Sasg,
AEle A% Ee UE §
AgSAY 71E A eg dol
sege PNt A9 A
13} gor} Aue 4% 715
Q139iet.

Hlo A A%

ot l> o

il

o
:<I}{=1“
E
_E

NE NB;

St AL el 7|4 8k3] A A7 Al15(2024E 29) /67



L.Il'llt”de‘" £
“"unitCode™:

"unitName™
"unitCode":
"isAlly":
"unitLat”
unltLun": ]

"scenarioID":
"scenarioNam

"writer”:
"mapTy

"revisionD

Fig. 11. Scenario JSON file of mixed reality
visualization system
5 4 &
B oAelrE FeE AuelA FAd o)
AP FNARE EFAY TR s EERE 2
&5 E3rdA THAIEE Al aEle] A Bkhs T]Est

68 / S A8l k8| A A27d Al135(2024 29)

Z37] 8 ZZEE] T
A= %k%. WMTS ¢lgl~ 7dto g
golgE 34 & =3
740}“0“% 1 A

[N of

45 o o

il
i,
T N

b oox

e

i 2
oft

(g~

o

kA

2

Mo fo

}\4740]_0:1;]_ u}x] oo

of{
ri
o,
fl

i rlr
U o
il

ol

o

N

>

ot

Y

=

[>

iy

3 = :(m
o

3&

Y

E i
iy i

27
nl

o &

7

o]
7EEAT A

-21-040).

A GE(ERIANE ) Aoz w
TP AFJEKRIT-CT

A&



Zehp N AR TNANE B8
References
[1] National Geospatial-Intelligence Agency, ‘National

System for Geospatial Intelligency,” http://www.irp.fas.
org/agency/nga.doctrine.pdf, p. 7, 2006.

[2] National Geospatial-Intelligence Agency, https://www.
nga.mil/index.html.

[3] Kubernetes Documentation, https://kubernetes.io/.

[4] VWorld, http://www.vworld.kr

[5] T. Kim, H. Jang, S. Yoo, J. Go, “3D Tile
Application Method for Improvement of Performance
of V-world 3D Map Service,” Journal of the Korean
Society for Geospatial Information Science, Vol. 25,
No. 1, pp. 55-61, 2017.

[6] A. Lee, I, Jang, “Spatial Information Platform with
VWorld for Improving User Experience in Limited

ARFY EFAY A% A2 4

Web Environment”, Electronics, Vol. 8, No. 12, pp.
1-20, 2019.

[71 K. Kim, Y. Chang, E. Cho, S. Shin, 1. Jang, “A
Study on Collaborative Support for 3D City Models
using Mixed Reality”, of  Software
Assessment and Valuation, Vol. 18 No. 2, pp. 209-
219, 2022.

[8] GPS Encoder by Michael Taylor, https://github.com/
Michael Tylor3D/UnityGPSConverter/.

[9] Open Geospatial Consortium, “OGC Web Map Tile
Service(WMTS) Simple Profile,” http://docs.opengeo
spatial.org/is/13-082r2/13-082r2.html, 2016.

[10] Mixed Reality Toolkit3, https://learn.microsoft.com/en
-us/windows/mixed-reality/mrtk-unity/mrtk3-overview/.

[11] https://mtl.google.com/vt/lyrs=r&x=12766&y=7558&=z=14

[12] https://docs.maptiler.com/cloud/api

Journal

S tAL 2 el 428k 8] A A7 A13(2024d 249) /69



