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This paper defines UAV flight operations mode
messages based on the STANAG 4586 standard and
designs flight operations concepts for each mode. To
verify this, message processing procedures from CUCS
simulators are designed, and algorithms for each flight
operations mode are designed and implemented.
Finally, validation of the implemented algorithm is
performed through the test environment.

457 I(UAV) AYEHAARI(CUCS),
D C (Flight Operation Mode),
1|O1(Fl|ght Path Control),
71|§_—.(Filght Path Plan)
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Fig. 1. Concept of the flight path plan
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Table 1. Characteristics of flight path plan components

Component Description

= The point where the UAV follows the flight
= Configuration definitions: loitering, payload

Waypoint control, vehicle control, vehicle-specific
control
= Consists of multiple waypoints
= Flight path characteristics can be defined by
Route five t_ypes (Launch, A_pproach, Flight,
Contingency A, Contingency B)
= If a flight path includes a loop route, a separate
loop route must be created.
= Consists of multiple routes
= Multiple routes can be created, distinguished
Mission by the Mission ID text.

= However, only one mission can be loaded to
the UAV.

2.2 STANAG 4586 WA R B4 2 X g]

2 =EoA = dF Aol dxH AEHE 7HY5t
I HPAHZ Aojo it & A /~AE WES
2o AR Ao thst A X B4 Y& o F
A gom o33} Zo] H|PHE Ao & o] 2a3dh
H A A &S A5t ZF HA]R] 7+ A 2] Aa4E AA
oF it}
23H|PHZ Ao] LE A9

AF ZFAS d&5F FTo&= CUCSE FAA A
o].2t&, g2 o]F 5o Hdh ¥ UAVE £4l
ofo] v 3Y-& =5t A "}, o uff AFE-E] = H A A]
&[10,11]Z Table 28} Zro] FE =, B| P 2 Ao

G2 Fo A AR E = Al A= Table 39} o] 4
2] 5kt
Table 2. Message group for flight path control mode

Message ID
range

Message group

Table 3. Messages using flight path control algorithm

Message ID

Description
(message name)

#2016
(Vehicle Operating
Mode Command)

= Define flight path control mode,
flight path Waypoints, etc.

Flight Vehicle Command 2000-2999
Flight Vehicle Status 3000-3999
Flight Vehicle Payload-Relevant 4000-4999

Payload Status Functional 21000-23999

= Defines the distance from the
#2018 target, direction, and turning
(Slave to Sensor characteristics.
Configuration) = Uses this message to track the
target and control the flight path.

#2019 = Define enemy location information,
(Slave to Location distance, direction, turning
Configuration) characteristics, etc.

#3001 = Message to respond to #2016

(Vehicle Operating Transmit the received Select Flight
Mode Report) Path Control Mode to CUCS

= Message to respond to #2016
Transmit the received Commanded
Speed and Commanded Waypoint
Number to CUCS

#3002
(Vehicle Operating States)

= Message to respond to #2019

= Transmit the received LLA values,
separation distances, look-down
angles, etc. to CUCS

#3016
(Relative Route Waypoint
Location Report)

= Used when transmitting Latitude,
#4001 Longitude, Altitude, Speed, Time,
(From To Next Waypoint and Waypoint number for previous,

States) current, and next route points from
a drone to CUCS.
= Message to respond to 2018
#21800 » Used when transmitting received

Slave to Sensor
Offset/Direction/Look Down Angle,

(Slave To Sensor
Settings Report)

etc. to CUCS
#17002 = Message used when requesting a
(Generic Information specific message from CUCS to
Request) the UAV.

2.4 M PH 2 Ao} J WA 2] A2 DA

oA EAT HAIASZ o]-&35to] CUCS-UAV
ZF A A A 2 AAFE A S

Fig. 20f] UEtd HEe} ZHo] cucsol A v & A
o] £I% #2016 WA A E UAVE FAlsH, o] &
2243 UAVE #3001, #3002 T A XS CUCSA|
S Alsto] ZHAlo] AIRT WP & Alo] R E, v A
& g 52 85}, CUCSO] A] Slave to Sensor
2 Aolg Y3l #2018 HAIX S FA4151H o

oM of,
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#2016
S f?:Oi)‘l_ _______________ - Request to change Flight Route
- Move to the requested flight path or
#3002 waypoint
P SR E RS e S i s s e D s e
#2018 - Upload parameter values related to
Slave to Sensor mode
#21800 - Slave to Sensor Offset, Direction, Look
EEEE s e s iR et S st Ry Down Angle, etc.
#2019 - Upload parameter values related to
Slave to Location mode
#3016 - Slave to Location LLA, Direction,
(t-----—-—-—-"—-"—-"—-"="=-"=-"-"=-"=-"=-"="="="="=—"="="="=-"="=-"=----9 Looking Angle, etc.
#17002(messsage type #4001)
#4001 - Request for previous, current, and next
e £ route information (periodic)
........................................... L
#2016
#3001
L= — it i i et i o i ]
#3002

Fig. 2. Message handler procedure for flight path control algorithm
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Fig. 3. Flight operation concept for the designed flight
path plan
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Table 4. Field contents of native message for Slave to
Sensor interface

Field no. Filed name ‘ Filed type
00 Presence Vector Bitmapped
01 Time Stamp Unsigned
02 STAREPOINT_LATITUDE Integer
03 STAREPOINT_LONGITUDE Integer
04 STAREPOINT_HEIGHT_WGS84 Integer

2.6 YA = Ao &

(¢

1S A /A

g

HP AR Aol YN F2 CUCSEHE Hgghe
#2016 T A X 9] B]PH 2 A o] L=} o]0 T H]
37 & (route) BFY-S F2Isto] UAVE] Y= AF
|8 25 33 8]

(mission) Ho 3 il
A 9 &2 4 (waypoint) AHAE ,‘5}&13 =21

2017| HIBHE MO Y02IZ A 2 73

Folt, sig 4 HolH 2= Table 59F ZTH[8].

Table 5. The definition of mission data structure

Structure name Type Variable
uint8 missionID[20]
uint16 wpNum
Mission
uint8 totalRtNum
routeDat[totalRtNum] Unsigned
Route uint8
uint8 routeType
Route uint16 initWp
uint8 totalWpNum
wpDat[totalWpNum] Integer
Waypoint uint8
Waypoint uint8 nextWp
TAT HPF = Alof REof gt HPH = A E
29 G2 Ao figt gAo] dE = v YT
Z U 3tz A odA HYAR Y2 H|PYJ T
Aol71z AdEstal, v FeA o7 olA= s

YA HEE S5 AF ool L5t T]ﬂ &£
5o olEe YA ¥ uPAR UL A otol
ojo Bt= FEAE +FH T
#2016 W A ] 9] Select Flight Path Control Mode
of tgt 4 °= Table 63} & 2 H[10], o | A = H]
FreAof7]oA 2t REHE HQ3% folHE &
7] 913 S A4 & 3 2] 2L A QHRie

Table 6. Definition of Select Flight Path Control Mode for
#2016

Flight path control mode Value

Waypoint 11
Autoland Engage 19
Launch 21
Slave to Sensor 22
Fly Contingency A 23
Fly Contingency B 24
Slave to Location 25
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25 o]l HEE #2016 WA A9 Select Flight
Path Control Mode Zto] 21’91 AL UAVOA =
Launch Mode@}tl e3gtct. s & k3 gt
O HPFE Ao daFoA= dF HlolE Y
H| Y73 2 glo] e Alof| A B] P73 2 EfQlo] ‘Launch’
H P F 25 ot s F JAIAE A4 stH, o] & H| P
Ao 7]of AESttt. ofof thet & ile]E&2 Fig. 4
o 2.

T2 H BEE= #2016 W A X 9] Select Flight Path
Control Mode F}o] ‘1’0] UAVO]| A= Waypoint
Modeg}t 1 etsln], CUCSIA L s B E Ao
£ 9%t o] 58 F =28 Q0 Commanded Waypoint
FEE Zsto] HAAE ST g LE g
JTow HPFE Ao ¢ EFNA= IF H
o|g| 9] HIPAH=E Tlo|EACRRY HIYPHE B
o] ‘Flight'Ql H|PFZ 25 ot g A A E FA 5}

‘ START ’

Recv #2016 Msg

NO ight Path Control Mode == Laund
Mode?

Check the routeDat of
a Mission Data

Check the totalRtNum of|
a Mission Data

Check the routeType of
routeDat[Rtldx]

Rtldx = Rtldx + 1

Find Rtldx for
a Launch Route

Fig. 4. Flight path control algorithm for Launch Mode
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KNST

1, §F v Y F 2] Commanded WaypointZ} &
A ot=A] gAY Sttt Commanded Waypoint7} 24
St FEA QYA Mol R EH, T HPF R
Aeaet F2H JAYAE HPFEA 7o A5
gteh. o] of gt & 2] &2 Fig. 59+ &t}

STANAG 4586 Edition 4 Volume I1°] 4] & Fig. 7
T} Fig. 83} Z 0] Slave to Sensor(AlA] &) & @
Slave to Location(Y A %) L =of tisf] st
U

Slave to Sensor R E = ol R E 2 H|dY5}7] 3]
Fig. 29} ZFo] #2018%} #2019 H A A& 53| Slave
to Sensor . = @} Slave to Location X =& 9|3l 1o}
2] B gE2 UAVO] S-A A sfiof st 33 WA A
A &= T #20169] Select Flight Path Control
ModeE Slave to Sensor Mode(22) E+ Slave to
Location Mode(25)E UAV©Y| & A15}0] 35} v 37

Recv #2016 Msg
' Flight Path Control Mode ==
Waypoint Mode?

Input CmdWpNum

Check the routeDat of
a Mission Data

Rtidx=0
Wpldx =0

Check the totalRtNum of a Mission
Data

) 1

Rtldx = Rtldx + 1
Wpldx =0
IVES

NO NO
Rtldx < ?

Check the routeType, the
totalWpNum of routeDat[Rtldx]

Route Type == Flight?

YES

/ Wpldx = Wpldx + 1 /

NO
Wpldx < totalWpNum ?

Check waypointDat[Wpldx] of routeDat[Rtldx]

Find Rtldx, Wpldx for
a Flight Route

Fig. 5. Flight path control algorithm for Waypoint Mode
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Fig. 6. The simplification for the formulation of Slave to
Sensor Mode based on x-y-z coordinate system

North

l Direction(19800.06)

Distanca

Offset(19800.05)

center { = Overhead

e R Nerth
circle loitering Direction "

Fig. 7. Flight operation concept for Slave to Sensor mode

North
|

Location(0047.04,05,07

- Orientation(0047.08=Bearing)
|

Offset(2006.03) ~ |

. center ".

circle loitering

Fig. 8. Flight operation concept for Slave to Location
mode

22 545E S Aol g,

UAVE EO/IR Al 278 BZ19] LLA YAHE
£ Y4 F712 FAISkL #2018 WA A 2 5E T2
Slave to Sensor offset, direction, look down angle
52 o] &35}o] UAVY loiter H|3Y o] © Q3 center
point?] LLA X E Al=9]of ttt. HFH Slave to
Location R E=9] ¢ 79| YAHEE ALt
FA7} cucsg MAE o] CUCSERE APEE
FAT o 24 2o digt A EE TY] ol

#2019 H A X]E E3f Slave to Location latitude/
longitude/altitude, Slave to Location offset, ori-
entation, looking angle 59 XA & dlo|g 7} 1
T UAVO] B = o] UAV loiter H| S 9|3 Z a3t
center point®] LLA Zt-& A&l A Ht.

Center point Z ¥ = Geodetic & ¥ 4|, ECEF & &
Al, NED #3#7 <0 = ¥Hgsto] NED FHEA AlE
SR 4rESI oM, AFEE HEYS JoE HHEH
2hsto] v Al o] 7] of = LLA g2 ALt At

Figs. 7-82 4] (1) — 4] (6)<F &0l 2T 4 AUt
Al (5)°l A= Orook®] 0°% % hcenter”t dogfser©] =]
™, OLook®] 90°%1 -9N= heenter= Mstarern®t -2

$< 7Hd -

© AN SEH/AAF

1B
o

A E AL

Xcenter = XstarePtn T Xslx €y
Yeenter = YstarePtn T Ysix ©)
Xsix = dof fser SIN(O ;) (3)
Vsix = Ao pset COS(Ogir) 4
ey ©
o=l sy ©

o] 71 A, Xcentery Veenters Zeentere=UAV center point &}
FZE, Xstareptny YstarePtny Zstarern EF A Q] 91 2] I ZL,
dofrrer= Slave to Sensor offset(Slave to Location
offset), Opir2 Slave to Sensor direction(orienta-
tion), Brook Slave to Sensor look down angle
(Slave to Location looking angle) | t}.

EO/IRERE F7] 08 4lst= B9 YA 4k
2] (1) - 4] (6)= 53l UAV] center pointE F7]
Ao 72 Ado|Esto] B P F A o] 7] o s, A
3] vy 3go] = a3t uhetuE gl loiter radius,
loiter duration, commanded speed™= B|J-F A
of7]o] Aggtet. o]of th3t & 11 2] F-2 Figs. 9-107}
2z,

Contingency AE #2016 W A ] 9] Select Flight
Path Control Mode& Contingency A Mode(23) 2
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START

1. Recv #2018 Msg
2. Recv Native Msg
for Slave to Sensor

|

1. Input Slave to Sensor Offset,
Direction, Look Down Angle
2. Input Latitude, Longitude,

Altitude for Target From EO/IR
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Fig. 14. Mission scenario map to verify the flight-path control algorithm

Table 7. A mission scenario table to verify the flight—
path control algorithm

The number of ~ Waypoint configuration

Route name Waypoint and flight path order
LaunchRt 2 122
FlightRt1 3 3-4-6
FlightRt2 3 9-10—12

ContigARt1 2 1617

ContigBRt1 1 14

ApproachRt 2 815

AF AHE 2= 1719] o] F H Y7 = (LaunchRy),
2}5 H| Y7 2 (ApproachRt), 2719] H|AF2LE H| Y
7 & (ContigARtl, ContigBRtl), 27} 2] =7 1|3
7 2 (FlightRtl, FlightRt2) & LA 519 th. 5119 ¢
ol o] F H|YPF 2} A= H|PF == 7 4t
EAT & don, 1 o HAAAF HPBE, F=E
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AANA TS FEHLZ 2A5HA] FOE=E Next
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T} Fig. 179 4] LaunchRt H| Y H 2 2] =2 L4 0]
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Aot ol mf =t whEhu] B gh2 Table 837 2.

Slave To Location

Location LatY 36.74713
axis zero

127.54045

LoactionAltitude:
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Orlentation 80

RouteSlaveTo Looking_Angle
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SlavetoLoaction
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LoiterType Circular

Loiter Radius 300

Loiter Duration
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Fig. 21. Setting parameter values of #2019 message
from mini-GCS

Table 8. Parameter values of #2019 message for Slave
to Location mode setting

Filed name Value

Location Latitude Y axis zero 36.74713
Location Longitude X axis zero 127.54045
Location Altitude 0
Orientation 80
Slave to Location Offset 800
Slave to Location Looking Angle 30
Loiter Radius 300
Loiter Duration 10,000
Loiter Duration Units S
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Fig. 22. Scenario map screen to verify Slave to Location
mode
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Fig. 23. From To Next Waypoint Status screen of Slave to
Location mode
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Table 9. Parameter values to calculate the center point
required for loiter flight

Filed name Unit Value
Reference latitude deg 36.70809173
Reference longitude deg 127.487846352

Reference altitude m 0
Target latitude deg 36.74713
Target longitude deg 127.54045

Target altitude m 0
Target North m 4,340.86
Target East m 4,689.30

Target Down m 0

21 (3)2 A (4)E &M X, Ysie BHZ AAFSHH 2
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Fig. 24. Field data setting of #2016 message for
Contingency A mode

Fig. 25. Scenario map screen to verify the Contingency A
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