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Abstract The flight test operational procedure artifact includes mission planning, execution methods, and safety
measures for each step of test progress. As the development of guided missiles has become more advanced and
strategic, flight test has become increasingly complex and broadened. Therefore, increased reliability of the flight test
operation procedures was required to ensure test safety. Particularly, the design of the flight test operational
procedures required verification through M&S to predict and prepare for the uncertainty in a new test. The relevant
studies have published the optimal framework development for flight tests and the model-based improvements of flight
test processes, but they lacked the specificity to be applied directly to the flight test operational procedures. In
addition, the flight test operational procedures, which consist of document bases, have caused problems such as
limitations of analysis capabilities, insensitive expressions, and lack of scalability for the behavior and performance
analysis of test resources. To improve these problems, this paper proposes how to design operational procedure of
guided missile flight test system by applying MBSE(Model-based Systems Engineering). This research has improved
reliability by increasing the ability to analyze the behavior and performance of test resources, and increased efficiency
with the scalability applicable to multiple flight tests. That can be also used continuously for the guided missile flight
tests that will be developed in the future.
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High-Level Design

- Concept definition

- Requirements definition
- Functional definition
- Performance definif

CQM 4 MAT[ AB M&S Templates

SysML usecase diagram(uc)
SysML )
| 5 SysML activity diagram(act)
SysML state machine diagram(stm)
SysML sequence diagram(sd)
SysML parametric diagram(par)
MATLAB m-file

-

[ Traceability |Middie-Level Dcslgn

- CONOPS modeling

= modeling

- Functional modeling
(Behavior simulation)

- Performance modeling
(Numerical simulation)

Detailed Design Specific Analysis Tools

Reusdblllt\
. T oD } Aagl
e “M/\IVI/\I&r i veaes
- Software design SIMULINKC M ._,java
—/)

Fig. 1. Proposed M&S templates by applying MBSE
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Functional
/Performance

Constraint

«requirement

Id'="Reql.2.3:2"
Text = "The signal shall
have an electromagnetic
field intensity of at least 12
dB above the minimum
level required for reliable
i operation over 95% of
i radiation sphere

surrounding the vehicle."

Id = "Reql.1.2.4"

Text = "The flight test
resources shall perform an
emergency destruction in
the real time if the missile
leaves the test range
during the test."

«requirementy

Id = "Reql.1.2.5"
Text = "The flight test
resources shall perform an

emergency destruction in
the real time if the missile

is abnormal status during
the test.”

Fig. 4. Modeling of requirements
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Perform flight test (Site_A)

Flight safety

Terminate flight test

SD execution
7 Command g~ | )
= g
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‘Safety process e
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Check flight test
readiness (Site_B)

Perform flight test (Site_B)

X ” Confirm flhe .
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Report computer \
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FTS A officer readiness.
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X RADAR_A
: readiness
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TSPI : Time, Space, Position and Information
FTS : Flight Termination System

TLM : Telemetry

ED : Emergency Destruction

SD : Self Destruction
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Fig. 3. Modeling of CONOPS
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“Computer officer, Report TSPI readiness.” “RADAR_A officer and RADAR_B officer,
| P Perform hand over.”
( " Missile «requirement»
readiness : o
missil
i 4 1d = "Reql.2.1.2" Tenes,
. T g Text = "Range Tracking system P
b JYTR TBescar o~ L shall display at a mini the rAodR e B
B 3 5 present position, predicted King - bdacon
( __________ $ & | |impact point, at least two | —_—T
act [Activiy] TSFi readiness | TSP readness ° § | tracking sources, maps 1 atcan - o
) [cover the full range the vehicle .
®o---4 Check flight test resources fly, critical event points, flight ‘\
SNR S R ADAR ata ;| termination system health s,
| check radar data F status, mission time, and AN
¢ i _ =] altitude.” ™,
: Link budget CI:;(: ﬂf :::: P Yes . (FERTEET) ‘act [Actvity] Hand over_RADAR| Hand over_RADAR JJ 1
| mFTs . TSP state readiness
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e | — o
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M
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Fig. 6. Functional modeling of TSPI readiness oS BN L0s ENR
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“FTS officer, Perform emergency destruction.” [losa [rngen  [swn e s
wequirements e Y Y v N1 B
o S o Hand over time calculation : AR e calcalation - time b
Normal status Emergency status time_a th
Id ="Reql.1.2.4" h
Text = "The flight test pona) _ s
resources shall perform an | N/ time_A ¥ time B N
emergency destruction in g o Decision optimal hand over time
the real time if the missile [—'_—“; ( "~ (t0,t1,£2) : optimal time
leaves the test range = = th)
R i (Sate Nocrnel Fioh sefe wdgemert, Fntsatey odoumens)) T el
Flight safety judgment |
«requirement; | (" Tracking time(2) _—{  Tracking
t | [ Missite outor | | — me_AWJ B J ®
Id = "Reql.1.2.5" (== [

Text = "The flight test Updating || B ("yaccieucor ) | [ commana
resources shall perform an «!S“ J—e% frack J | f:;i:ﬁ::?n Flg 8 Functional modeling Of hand over

emergency destruction in
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is abnormal status during
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Missile unable |
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Fig. 7. Functional modeling of flight safety judgement
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par [Block] LOS calculation [ LOS calculation lj

«constraint»

LOS Cal : LOS Cal
{LOS=4.11*(Sqrt(2)+Sart(h)) }
[1 [£]

LOS:LOS

LOS: Real

Los

H z

LOS Parameters : LOS Parameters

H:Real

[

g|

Fig. 10. Performance modeling of LOS

7R R A (4)8F 2ol SNRE AFE = 9low,
Fig. 113} 7¢] SysML parametric diagram 2232 &
A ARE FaEA

g = — iGN 4

" Un’KTBEL| R, )

P, : Transmitted power

G : Antenna gain of radar

A : Transmitted wavelength

o : Radar cross section

k : Boltzman‘s constant

T. . Effective noise temperature

B : Radar operating bandwidth

L : Radar loses

F : Noise figure

par [Block] SNR calculation [ SNR calculation JJ

SNR Parameters : SNR Parameters SNR : SNR

| sigma : Real | ‘Te:ReaI ‘ ‘ B:Real |
T

[Tl J
IR:Reall [Pl:ReaIl lF:ReaIl lG:Real\[

IR

[
|| [Pi:Real | [ lamda:Real | [k:Real m’__

%)
=
o

Jo

oo [ o [2 [ ] ¢ [ | o

«constraint»

SNR Cal : SNR Cal
{SNR=(Pt*G"2*lamda"2*sigma)/(4*PI)"3*k*Te*B*F*L*R"4)}

Fig. 11. Performance modeling of SNR

FTSS} TLM9] 7%-9ll= 2] (5)9F Zo] Link budget
o2 A4S ANtet, Fig. 129 o] wdg e
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Ak AA71A, QAR A Feofdt i 7]1E oA
12 dB o]3e] 2137} gry= 2] g} i)
Link budget,, (5)

= Pryt+ Gry— LT)(*LstLM"' Grx— Lpx

Where, LF&

4
= 20log,, (|| R, ||) +20log,, (f) +2010g10(77r) — Gy~ Gy

Prx : Transmitter power

Grx : Transmitter antenna gain
Lrx : Losses form transmitter
Lrs : Free space loss

Ly : Misc. losses

Gry  : Receiver antenna gain
Lgx : Losses from receiver

f : frequency

c : Speed of light in vacuum

«requirement»

par [Block] Link budget calculation [ Link budget calculation ]J

Id="Reql.2.3.2"

Text = "The signal shall
have an electromagnetic
field intensity of at least 12
dB above the minimum
level required for reliable
operation over 95% of
radiation sphere
surrounding the vehicle."

FSL Parameters : FSL Parameters

‘R:Neal‘ ‘C:Reall ‘PI:Neal‘
| | |
——— ]~

R T f
FSL: FSL ooy

FSl
| [FsL:Real }._

«constraints
FSL Cal : FSL Cal
{FSL=20*l0g(R)+20*log(f)+20*log(4*PL/c)-Gtx-Grx}

[ =)
Gx  [omx
LinkB Par : LinkB: Par
—*th:RealJ ij:Reall ‘er:Real‘ lPtx:Real‘
L I
_’FSL:neal‘ ‘Gtx:kenll [er:na.l'
L [
[FsL ] x [tm [ [Px  [otx [Gmx

«constraint»
Budget  LinkBudget Cal : LinkBudget Cal
{LinkBudget=Ptx+Gtx-Ltx-FSL-Lm+Grx-Lrx}

LinkBudget : LinkBudget

[ LinkBudget : Real |

-

in|

Fig. 12. Performance modeling of link budget
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