Technical Paper

EISSN 2508-7150
Journal of Aerospace System Engineering http://dx.doi.org/10.20910/JASE.2023.17.6.133
Vol.17, No.6, pp.133-143 (2023)

FAZA A7 28 g 77 +§5A7E FRHTRA

S 1 1 1 1 1
Ayt Aget. 299 A8 1A

Implementation and Verification of System Integration Laboratory
for Multiple Unmanned Aerial Vehicle Operation and Control Technology
using Manned Rotorcraft

Hyoung Jin Kim"' , Sang Eun Kwon', Young Wo Jo', Bong Gyu Kim' and Eun Kyoung Go'
young g g g Gyu
'Agency for Defense Development

Abstract

This paper describes the system integration laboratory’s requirement analysis, implementation, and
verification for multiple-scenario unmanned aerial vehicle operation and control technology using a manned
rotorcraft for Manned-Unmanned Teaming. System integration laboratory consists of manned rotorcraft flight
simulation, unmanned aerial vehicle flight and mission equipment simulation, ground control system simulation
for unmanned aerial vehicle control and change in the control authority between the ground control system
and manned rotorcraft, and operation and control system for mission plan’s writing and transmission. Each
implemented simulation verified the requirements through software and hardware integration test.
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Table 1 Level of Interoperability ASR732 flslxdelzle] 7 e 59171 $A 7=
HEE AT HA e Vs AEste] Tk
Level Description Aol g%t

Indirect receipt and/or transmission of sensor

. 2.1.1 ®els|™Mer| =eo| 54
1 product and associated metadata, for example ™= i <
KLV* Metadata elements from the UAss FRlE e me] FA4L FEHer|e] NP
9 Direct receipt of sensor product data o] Al Am]x Ho)(FF £3) 9 22 ZEk wo)=
and associated metadata from the UA Eg g018A0)7] 988 wo|at 4 glojof Fhrk(

Control and monitoring of the UA

3 e . 1 2)] A = = 3
payload unless specified as monitor only AN smE trls AR7](Smart Mult
Control and monitoring of the UA, Functional Display, ©]3} SMFD)+ A %HH])

4 unless specified as monitor only, less

launch and recovery. . . .
Control and monitoring of UA launch and Table 2 Simulation Requirement of Manned

5 . .
recovery unless specified as monitor only Rotoreraft

xKey Length Value #*Unmanned Aircraft

Item Simulation Requirement
2 §-5el ol AA st 7| FHE Qs - Auto & manual flight simulation of Manned
AH-64 Apaches} #1387], ¥ AFE 52 % Rotoreraft
Teped RS A% LOL 3 ~ 4 B4 5H2 @ uore fight simulation
; , - Flight environment simulation
=l O rC & — X olsa
Wkt E AH-64 Apachest F1&e7] Gray Flight |- Flight object(UAV) flight simulation
Eagleel tigt f5<2 34 AAE A=A TH4]. simulation|- Ground object(Target) simulation
3= Aol MH-60R%} F-<la27] Scan - Manned Rotorcraft status information
Bagleg B3ste] 79 @4 AAl ta Adg 5 transmission

- Ground object(Target) status information

gk 5]. FHAAME 2547 (Light Armed o
) B B o transmission
Helicopter, °]s} LA FAg371E& st & - AFCS* model simulation
20 " A Al Bask §Rlv)e 1Y) A Ve - ADC#* model simulation
Maelar girh, B =R A= oA A 738 - EGI##* model simulation
| Line - FADEC##=** model simulation

r_{

Replacea |© SMS###*x model simulation

ble Unit |- FQMSs#:#:#xxx model simulation
ol sl 7=kl simulation|- ADTs##ss#x#x model simulation

+ SCDUssssskx model simulation
2 = =} - IDMCssssssxx model simulation
- DTS model simulation

=
e FAFAe e 7 s FA) LLEANE
3}

SHAFRAY 2TE B, 79, 2F

- Flight simulation display

2.1 ESHZ=EAE QTE B4 - Control device(HOCAS ks control
solg Aol o] oy Al s|ES AZat = o= Cockpit panel) for auto & manual flight of Manned
ESLAZ3LA o o o J o] 1= 1 . lati Rotorcraft

N=3 50 oz o] 3] % o) 3l simulation . . .
sHHsHE TAs s FAd/FAREY - Control device(Mission Grip, SCDU panel)
A& AEA /B A e ge] Fdgsith & for mission of Manned Rotorcraft
AT ES g g9 fAFHelvIe Fogle 79l - SMFD mounting structure
- o _ _ #Automatic  Flight Control System, #=kAlr  Data
33 7]1E Holsti= Aol HQslt}. o e g A
_0 571 elst el 4 Ferelst '_E ?—_]- Computer, #x*Embedded GPS&INS, s#xxxFull Authority
S wely] sl fols ey 2 Feldyr] 39t Digital Engine Control, ###xxStore Management System,



sl del7e gk b 517 854V FgAsHE 74 4 A5
wworrFuel Quantity Measurement System, 2.1.4 2E8H&H| 2| &
wekkeekAirborne  Datalink  Terminal, sk Smart ARLAE /A FA B AET S AR A
Control Display Unit, woooroookntegrated  Digital Map ol esnal e ol 3
=)= 3l & ok S
Computer, wekksekksData Transfer  System, BoE AT & lofor &t
sopoeooioksHands On Collective And Stick
Table 5 Simulation Requirement of Operation
2.1.2 FAe37| neof & Control System
FRlEgE ] vl Re], g BojE T AT
11]78’31 E'_-O/] ?1_'76‘3”]' ?__%:—'3]-0% _1—71_?—]-&_507_7]% Evoq—se]_ _/I: [tem Simulation Requir‘ement
9lo] o} &t} Mission . L .
shofer et lan/ Mission plan and scenario writing simulation
an .
P L, of Manned Rotorcraft & Uamanned Aerial
) ) ) scenario’s .
Table 3 Simulation Requirement of Unmanned writing and Vehicle
Aerial Vehicle . Transmitting simulation of Mission plan &
transmitting .
. . Scenario
simulation
Item Simulation Requirement Virtual War|- Flight simulation of Manned Rotorcraft &
Field Unmanned Aerial Vehicle
Auto flight simulation of Unmanned Aerial simulation |- Ground object(Target) simulation
Vehicle
Flight environment simulation
Flight Flight object(Manned Rotorcraft) flight 2.2 s¥¢HEsEd 79
simulation | simulation 221 sl=gof 73
Ground object(Target) simulation _ )
eer o oanon 2.2.1.1 gels|My| mo|
Unmanned Aerial Vehicle status information
transmission FAs)Hdelr] we) 4L Fig. 13 o] #l3Hd
Line . . o) ol (A= ZZA(o.=)0 A 5 o]
_— . FLCC#* model simulation o1 7] o AA(FHF)e} T (§-F)e2 FAH pos
eplaceable
DU " - Datalink model simulation =3
ni . .
. . EO#* model simulation
simulation
#Flight Control Computer, #**Electro Optic
2.1.3 X[MEHFH| 2| &&H
FAEgE7] 2ol AN Agste] F1&837] &
W QT gu] AolE B F 5 glofo} Bk,
Table 4 Simulation Requirement of Ground
Control System
Item Simulation Requirement
Ground Communication opening simulation
Control Flight & mission equipment(EO) Control
System simulation of Unmanned Aerial Vehicle Fig. 1 Simulation Environment of manned
simulation |- Map display Rotorcraft
FRAEAY 7] o] 8L FAE

1




136 FaRPARE PAR-RE X5

(On/Off) =

Gl g,
SMFD 278 A9 ous AT dde57], 74+
7t Ethernet $241& 938 Ethernet 2=91%], F<A3|x
o]7] Adu] RejE 9k AAAE HFE, AA
AP AFEH AE HF E2E HFE, w3
o]7] v royE % PR FHFH, dEtFId

H 94 =9 ¥IEHDMI — ARINC-818)% 93+ <
4 A7), AN ARAFE 9 4EY AE Y
4w owan wel A5e A% A4 wAt 2YEE
= pashon
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UE 7} 28 E 25 A=ztstl o
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Fig. 2 Simulation environment of unmanned
Aerial Vehicle/Ground Control Station/
Operation Control Consol
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SCDU &E-e {3 de)ry] g Felagr] njao| ROFEE AXEYOE L)
e AumAAR, d2H, 15, &5, /T2 Figure. 4= F&37] gAAR 9} felsdelr] &

$keto] SMEDE AFe=S sttt
o] Aol A =z g n
¢17] A ARE SCDUY %A & ol

HEHUAIBHOIH |

{ FADEC %—4 SMFD |

AFCS : Automatic Flight Control System
SMS : Store Management System

ADC : Air Data Computer

EGI : Embedded GPS&INS

FADEC : Full Authority Digital Engine Control ADT
FQMS : Fuel Quantity Measurement System
SCDU : Smart Control Display Unit

ADT : Airborne Datalink Terminal

IDMC : Integrated Digital Map Computer
DTS : Data Transfer System

HOCAS : Hands On Collective And Stick
SMFD : Smart Multi Functional Display DTS

Fig 3 Interface Configuration of Manned Aerial
Vehicle

4n
r o
oot
ok
N
=
09:,"
e
uiss
-
o
=
2
2
)
R
o
N

5
AAE(ADT) 7+ A% P2 e Aot

Jau™AlEolH EO

folgHAd7| ADT

Or
Al YEHTH 29

SEHZA 220/H FLcc

Fig. 4 Interface Configuration between
Unmanned Aerial Vehicle and
Manned Rotorcraft
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Fig. 5 “Fly-by” Waypoint guidance
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Fig 6 Flowchart of EO’s Ahead mode
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Fig 7 Flowchart of EO’s Manual Tracking mode
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Fig 8 Flowchart of EO’s
Trackgin mode
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UAV’s Operation

Figure. 102> F21837] d& A3 AR HAAE 9



139

e~ | S O o
S R +
o WG v ko oo w N ]
e K = L ow o ﬁyﬂ%)%Kﬁﬂ%
= ol oF = Eogw BOP e X0 o 7o
< o] S = Jo <0 ooy = o P
W Ho = X = N0 o o
mb Yy Jlopﬂ o U al N N o < HT_ ) ﬂ_wo ) ol
= 4 ™o o il m ﬂr = i o T o = = n-
< _ i oF AT Wﬁ ol 1m > <#o o }/O = %_ol El Lt o U
= oo Tk S PR e EHE S TE S
g g % BTG = e ST B
2 Y R S T  oor AR
m = . ° ! ~ Boen ,.v_AlL El 70 MIL N ,,;IWyl
& Lok 2t Gz T OT TR g® g
= = 1 S 2 W . ® ) T o
D R 2 o] of & W £ W2 W TLeTw X
..ﬂm_rm %ﬂﬂ@%ﬂwr S & yzlﬂwoﬂovﬂuma
A o o 0 &+ W Ho BL %o oo o or o w
: = B ¥ % - T 4 32 T oo MO E Mo fal
=2 < ~ e ~ & 2o o w m oy X T
= 8 — = o W < s N T P s 3T
|m Q Lt ~ o ~ JI > = ~ 7o) R T <0 OL K
o @ aNT wowe N = o X0 X mo =
N o 25 _— ) o o = oF o, B B E XA
1 . 0 2 ° ! T o —_—
= o W oo oo MM = PR g om g BRST
— D (B — X X 3
oW 5 oF B on o] ¥ l R I s < oo B
s NN 4 . 5 — W X
e s & .mbOf%OH_Tg%E%?
= R E oo =
= _ ﬂLOMElo_ﬂﬂo\qurmW
el
W oz o OB Ll Abwoﬂoﬁ? WO e B R o) I
I R o i g T W o o N
— - o Mo O o i N © o 9 " ™
- T~ < ﬂﬂomomg ﬁmumﬁ%mﬂﬂog
E—C ° X T Ao = = o o X X m < —_—
N 2 <K oy Zo B I S xoX
DS S do A R T
T = A N G RN w
o - ) W o do X o o = Hj o B
o 0 N © o “ = T B oy o4 o = o N w B
S , g mowﬂmmgﬁ ™ PRI
—_— S =3 [ ) —~ '
LT E R o , z o+ e . s g OB
:.L —~ ~ o > _ =K B — o oo Moo 2
h " — o n ol CAN ( rCl o0 o~ ™ T
%i_%7Lurm — 8 (- = . ﬂaﬁ@gur;o%
T X ~ = oz H ™ i X0 K oI WO = B
w T o £ _ T RmBETE o
Eﬁﬂaoufz E2 T o3 X B R 2 9 WO
ﬂuLN,E (G2 xoo],mu%aﬂfr = . N o L A
— B m_l B ﬂ_mo d| ] T = H E = uT M Nro mh o E B MQ
w X W e B ; £ 8 =% p T "2 . N
e LR o 235 o T 5P ow %Eaﬂo#o N
Y o Mo i & 8 o N o0 e %ﬂﬂolm@w?qu
TGO Me 2w A : = oK o B w - T b o B
ﬂmﬂ,A% ia i | = @@%mm% R -t
. = = oy N & WO g a2~
R OW T -2 N W S n o dF 3 o
- o oF oy T o o i Y K
i R I WA RO
S} No o o # B B o =l
S O I

B 3

L

L

3

S

]

A

st

o

o7 e

il

S ¥r 3



140 ARG 2GS YL
W 13 2% AT, : :
Denonstration Ethernet switch
Denonstration Real-time computer
Denonstration Host computer
Denonstration Flight simulation computer
I ‘on Integrated electronic map simulation
computer
Denonstration Image converter
De fion Power
(Manned Rotorcraft simulation device)
Denonstration Display
2.3 SHHEe4E 43 Denonstration HOCAS
EalAZ3 AZo AMES Sz =323 ' o '
cHHeme He lel/st=slol SAH Derronstration Mission Grip
S T3 A 13 AZEY/ElEdo] B
5 23 A s=eo] AZAYNL 23 =2d A=A Denonstration Tail rotor pedal
5 & Az=S a5 , , , .
stedlel aqtiecl WiE 4SS 7Skl Table. 6 Demonstration|  UAV#1 flight simulation computer
o Hedel AEANE B2 e Ao, 747
AF FEEC Axel AL 23 Fmeo] &AL Denonstration| UAV#1 video simulation computer
WA A 7EE LA E(FAAE T, TS A Denonstration|  UAV#2 flight simulation computer
TF Aol TAE A% AL THE A4S Be BE , —
o o Denonstration| UAV#2 video simulation computer
3592 Fasgd
. Power
be o (UAV simulation device)
Table 6 List. of Test Item for Hardware Dermonstration GCS* computer#1
Verification Test
Denonstration GCS computer#2
Test Test D ipti
Method est bescription Denonstration EO Control Device
Inspection RaCk, . . Denonstration Operation Control Computer
(Manned Rotorcraft simulation device)
. Rack . Line Replaceable Unit
De . .
Inspection (UAV simulation device) Tmonstration simulation control computer
Inspection SMFD mounting structure *Ground Control System
Inspection Cable 12 A~XEgo]/st=go] EIAF = A A=A
i . . 5l 7L o] 83 E3}A=3 TES
II;lespectlon.O&;zl Inspection terminal structure gH mel S olgd THHT £XEMC) &
et ¢ FE AFl 9E FHoM, aTE 4 AYel ¢
Deronsiration Data monitoring device wol 79 WAL AL HASAY #A7) &8
Denonstration Switch panel Ao7)&o] GAEA = SMFDE o] &35t AA 2
v g ATEAEAnterface Control Document,
Denonstration Power supply ~ B o B
ol3l ICD) A% A1¥e Was3Th Table. 72 14}
sZEYol/HEde] FAAY HHS Ui o,
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Table 7 List of Test Item for First Software and
Hardware Verification Test

Test Case Test Description

Manned Rotorcraft flight simulation

Test ADT model Datalink TCs#/TMs*

Test ADT model UAV #1/#2 TC/TM

AFCS model

ADC model simulation

FADEC model simulation

EGI model simulation

FQMS model simulation

Operation
Test of
Manned

Rotercraft

SCDU Input/Output

SCDU model

SMS model simulation

HOCAS

Mission Grip

Control Panel

Integrated electronic map simulation

Display AFCS, ADC, FADEC, EGI,
FQMS, SMS panel date
Check Manned Rotorcraft and store
model

Build topography and landmark

Interface

Operation and control, mission plan
Test

Operate UAV
Mission equipment(EO) video
Operation Display obj.encft)rcrg;lsrsrll and status
Test of ! !
Unmanned Transmit flight information
Aerial
Vehicle Build topography and landmark
Check UAV model
Ethernet interface
Write mission plan
Operation Manage scer;gl(’:laot,iol?llsplay target
Test of
Operation Write UAV initial data
Control
System Apply scenario setting
View of virtual war field

*Telecommand  *x Telemetry

22 AL Ed /o] B
4e AF faARY *
Va

AE SMFDE °]&3 sq¢Ase

2
i
ol
>

AA M= Fel

Ao 7] Eo] '
e

M AP Ba axEs
LTAGES BT $59S a0

Table 8 List of Test Item for Second Software and
Hardware Verification Test

Test Case Test Description
Write mission plan
Write scenario
Operation
Test Set UAV initial data
(Phase 1) Transmit Manned Rotorcraft & UAV
FPL, scenario, initial setting data
Display Manned Rotorcraft & UAV
FPL, scenario, initial setting data
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Operate UAV #1 1

Operate UAV #2 1

Operate Manned
Rotorcraft(SMFD)-PFD* mode

Operate Manned
Rotorcraft(SMFD-MUMT mode

Operate Manned

Rotorcraft(SMFD)-MAIN*#* mode

Operate Manned

Rotorcraft(SMFD)-WPN##* mode

Change of UAV #1 control
authority (LOI4)
Change of UAV #1 control
authority (LOI3)
Change of UAV #1 control
authority (LOI2)
Change of UAV #2 control
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