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Development of Flight Control System for Close
Range Surveillance UAV

Shin, Sung Sik'" Moon, Jung Ho®> Roh, Eun Jung®

Abstract

The results of flight and HILS (Hardware-in—the Loop Simulation) tests
show that the performance of developed flight control system i1s very
excellent. This paper presents the development of flight control system for
the close range surveillance UAV. The developed flight control system
consists of both hardware and software such as system software, flight
operation software, and flight control/guidance software. The function of flight
control system includes normal flight mode such as stick auto, knob mode,

point navigation, pre-program mode, and emergency mode like command loss.

In addition to that, the flight control system includes advanced functions
such as dual redundancy, fault tolerant control surface and navigation, flight

envelope protection, vision based auto recovery, etc.

The results of flight and HILS tests show that the developed system

possesses performances suitable for the purpose of close range surveillance.

<Key Words> Flight Control System, Dual Redundancy, Fault Tolerant,
Flight Envelope Protection, Vision Based Auto Recovery, Model Based
Development (MBD), HILS
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3.2 HIAMHEFREH 2ZEF O

H A AFEH AZES o= RTOS, FPGA, tlufo] 2~ tefol¥ o533t dalg]s
S 2EstE Alad] AxEdolet FHE AW FEA7]E XSk vl A o]
EAZEO9][10],[111,[13], =82 E(Stick Auto), =H X =(Knob Mode), HIHE
(Way point Navigation), AFd3Z 218 (Pre-program Mode), 4}7]%WHA}%E 3]<4=(Vision
Based AutoRecovery), AR =(Launch Mode), 254X =(Command Loss Mode),
H] 8 o & W & (Flight Envelope Protection), %™ 1435 &40, HFE th3t FA7A
7191 AlAZtol] wel v PA S AFor fEdE Fhug FEEE=(Camera Guide Mode)
S ¥gtele v YE AZEY R FAEL

we, T
1 o off

ol

Model-Based Development

UAV Operation Logic Flight Control Law
= Manual/Stick-Auto/Knob = Pitch Control
= Waypoint Navigation = Roll/Heading Control
* Preprogram = Altitude Control
= Return Home = Speed Control
= Camera Guided = Guidance Control
» Automatic Launch = Orbit Control
= Automatic Recovery = Flight Envelope Protection
= Flight Test Mode = Navigation Redundancy
= Emergency Mode = Actuator FDI

= Control Allocation

Dual Management
(Sync/CCDL/Fault Management)

Real Time Kernel (VxWorks) Actuator

S iEil Device Driver

VxWorks Device Driver Serial e Discrete
Device . Device
. Device .
PowerPC BSP Driver Driver Driver ~~ PWM  Analog
Module Device ' Device
BIT Firmware Driver = Driver
Hardware

<8 4> HIgHOHEREH 2ZEHNH FE8<

53] HlgAe] X FELZEY oS} HYPEEATEY o= RAV|HE kAo m A7}
o] Fo]H o Mathworksjiit MATLAB Real-time Workshop Embedded Coder®2] A}
e S E&ste] 1A gz g5, MLz 45 9 FHAHE HA 53
a1, Safety Critical S/W<¢l OFP(Operational Flight Program) A& %2 ZthA| A }H1].
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( OrbitDecisionCalculation ] b,
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162 g0 Be RTW-ECE 243+

<H 2> Ns2DEMAI| S& dHu
Properties RTW-EC Target Link KCG
Simulink . . Low-
Support High Medium Medium
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Friendliness
Customization . Medium-
Options High High Low
Standard Low- Low-— Hiah
compliance Medium Medium 9
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Comntrol Svstem System
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control input)©2 A H 1 yeRFoltt I xFY Hujr|e 99 w= 234 FF
7](actuator)9] ¥& HE= AA Ao]dH(true control input) &2 Aol y=R™ o]
o 259 A vFaa s Al2ES oo 2FWol e A LHoREA
m > ko] o] wrEEojof dtrf 2FY I wAlE FHoRE ndstd ofdjet 2ok
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IS O
rir

Bu(t)=v(t) (2)

o714 BE Aol F&E3(control effectiveness matrix) =  Z7]E kX mo] L,

rank(B)=kolth. T3 ZF7]E &0 W9 Aldk(deflection limit)¥} W3I& A3
(slew-rate limit)oll ols)|A oS3 22 F5245 20 "ok

u
AZNM w=upin, U=Un©ITF A (209 TEHAQ A (3)S AFEH, AFA2H
W 239 A BAs ATH0R gt 2ol 2l § ok
Bu=wv (4)
u<u<u )
A4St A B)E HEEE s Ve g o2 Bu=vel o8 AMEE vy Fd
(hyperplane) ¥} 245 7] 2] 7} o] F+= vk vk (hyperbox) ko] nl/d

5)
TE2 u<u<u
(intersection) & & Fo] x| A #t}.

4.2 Pseudo-inverse CA J|Yd

Pseudo-inverse CA 71¥ o A%, A%7)o FE£xA4S ngsx] gow A (49 (5)
= ugsy o] 8 4

min, || W,(u—uy) |, (6)

subject to Bu=wv
21 (6)=
u=(I— GBu,+ Gv (7)
a=w; (pw; ")

- 251 -



N
>
rir
MO

I 722 Fee 23 d(closed form solution)E ZH=th o 7]A 1 A3 Ak
ZH(pseudo-inverse operator)E YWERATH 2 (6)2 ZE7]o] tig FEH20S wshA] &
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S 4 Pseudo-inverse CA 7|He &Y A9 & ALtst= Aol H]
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5. HILS AlAE

HAAAFE = v T A vdo] E7F53 vl8) 4 (Flight Critical) 1] ]
thowhbA wE ol A el A AZEol7E HAlE AE 2 HILSAAS S dSdrh
HILS(Hardware—-in—the Loop Simulation) A &< FCC(Flight Control Computer)2] %
g ATE R HPSES AA7Lo T HolslE HILSA| B olEl ¢} HILS A& o]
A S A E A7, a8l AA 8480 XAFEAEN], FCC, TA174H],
A g ToE FAHET.

Image
Generator

Vision Processing
Unit

ey
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Flight Control Airborne Comm. Ground Control
Computer Control Unit Station
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il N

L

HILS Al E# o8& dSPACE® 7]¥re] AAIZF AFEHZ FAEY /Y AXEo:=
Mg $Erdy Hagegza QA Hol~ A4 5 /ML =MATLAB/Simulink®<} 2
AzZF e ZRUEE 9 §4 QdE o] AE s ControlDesk® & #8319tk HILS
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