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Development Trend of the Autonomous Flight Control Technology

Kie—deong Seong*, Eung-Tai Kim**, Seong—Pil Kim***

ABSTRACT

This paper describes the current research trend and future development direction of autonomous
flight of the aircraft. The autonomous flight means that aircraft control system recognize and cope with
the emergency situation confronted during the flight by itself.

Current research for autonomous flight technology is mainly performed for the application to
unmanned air vehicle. Considering advent of future air traffic management system and increasing
demand of the unmanned air vehicle application, however, autonomous flight technology required to be
combined with future air traffic management system . In this paper, the current air traffic management
system and anticipating change in future air traffic management system was investigated and research
activities of autonomous flight technology was described as well as future prospect.

H =Fo = 2] (Autonomous Flight) 2] 7538k
gg7)o] of| 7] %] 92 de] iAo tisiA L &) 7}
Aol AN 7 ES FRIV7|E Y= s QLo AL g8 ulE- A

Q7 w}a} AHEH] 375 0] Shanl s kAl Al 2~ El) 7}

HE
Off
O
i
il
I
%
otk
=2
fu)
ol
o

Key Words : Aeronautics (8+3), Autonomous Flight (X}-84]3), Collision Avoidance(Z=3]3])

* 47174, gAY FEAIE g ErEd A b d
kiseong@kari.re.kr

wx G, ST TFATY FFAY FvH7|Ed A e Ao |
eungkim@kari.re.kr

wex 448 Shaelg - ATd AT e )EdATA dan|gAold
spkim@kari.re.kr



144 87178 9 | FEeakd

AF88] 3 (Autonomous Flight) & &g712] o714

= Ao b M e e 77F a2 Q1A

AL, Ak &t sk s ofn| gt A-Em s

= 2 H 2 WA, =309, AbF

o]&5, AGA AZTS g AP A, 1 o=
[e]

= hS
9 AW, QA £Y 5 LU,

71&¢] AFsH A (Autopilot) o] 7d-5- V2] Y3 H=
of wkeh vidgS AU, 2FARe] 22l 2a) Szl
219 v HHE fFA%E Vs eR, 3T E
oleh=A &7l aH, 713 Wst ol s e o®
A o= gl 71ss onlshs AolHRt Aam| o]
7| ZGAE TR

Aol Agnrles FAVE AR NEEL

Aot AT g alE Al A28 =i
287 S el whet AR 7o) el
Al &E)IE A ofof g

Alz='lel Fo aet 3 & wAE
A A Fo AES AHE 3 -8u| 37 &

=
A AFE stetdt F G Fou

st

2. St M ETIA|A|AH]

FFIEAALATC ;5 Air Traffic Control)o] 2]

T Eapdelel Fusta Qe vlsre] 4§ 2025
= @A) 23l FEWERst S slow

A

o

Fe o glom fro] A9 25w & F71s Ao R
=

TUlo] FFalEd S7HES A 10%=A AlA
Bt AFE(QHETE 5%) 2] 2vlol] Eeb= S Fol=
Holil glom, uf 7.5\ dn}r} 2u)= S7slar 9lof 2025
Wolli= A9 4uf o)do] Eaugds Agfafof &
Ao 2 =l ot

ol&]gt gy IAlTH S Agtsl= 7P 2 80
}27] A 7E A]2de] BAAE Q] A ARt <&
F= dA BAA 2R 2] A wliTo]th dAje] ATCE

O

ol

Y FRAA B FENF S s, o]
Gzo| et FB710e) FEAY WA F 24 o
YT7) YIS WAL A T Ao )2
s glek. olelst A ol 7] 59
FAYS AT, 55 24 T e 2]
Agel A A AN Qe weh 95

skal, 20157 7HA] 7h=ell v5< datskal Stk
ol2fgt AbAT] A AT W

T

N o

O>" OE

—~ N

® o

X o

o

g =

' 2}

o [

&

g

o My

o ox
ot
il N
ot

r oy
N,

o~
d

i

3
U_;:

>

- B BA el ofF - A R, A
AAZRE Sl A5 7] g
Aol A(QIHERe] 45 A2 9km,
0] 0.9km)
- ATEA - FemRE JPHANRIE SR B
7] 108km, %°] 6.6km)7A] A
Zeoll X e
AT EAT S ol - dEalE

A 27} e

- FZ A

@a7)e] gze] 4% oz E 10uele} 18km),
2 A30] 8,000f(e} 24km) 2 T4E0] k. ojel g
590 gl vaje] ole] FE7)7h gaeh ool AF
AT IR, 4E S 9lste] I 13} o] 57



37174 9 | a1k}

S vgak 29,000ft o]stelAl= 1,000ft=, ]y
315 29,0001t o]/del A= 2,000ft= &7t 74
28 Ag5ta gov, £ozE dold g
40mile o]l A= 3mile, 40mile ©]’doll A= Smile?]

FRelE A8 9l

have a sysiem of control
for Med and High Allfudes

Low Alldude Flight is the
Wild Wes: — VFR

38! 1. ATM(Air Traffic Management) X2k Ay 78

WEF Agse guE skl 2y 14
S Hko 2 Fo|= RVSM(Reduced Vertical Separation
Minimum)©] =iz 9low, ¢-ejufete] 7% 20051
9¢ 3045-H o] & ATt

ol =7} 5= A2 Al7n|go] VOR(Very
High Frequency Omnidirectional Range)= AR&
a17] mizolH, VORS A7l A2 VOR FeLell A
AN 7= 7 Y a[AE Afolo] FAE = 9174
2AHE o]-&ste] & 7] WEkE ot WA o R 3
717} VORg &3 th Alvof = VORS
H| k= Ao}, S A4l AXd THES

g2 A7k wral g 2

S o

6(]:

2

<
pus

Z7Veh= 3 g 4= glvha Adsle], 94
S Mo g FFv|e] ARE RE 33 7|9 BAE
7l 719 o]= njglo 7 k7| 9

(Communication, Navigation, Surveillance / Air Traffic
Management)= Al&3s}aL, 2015704 488
HAarskar 9ot

vlzrol A= o]o thelk A T2 AEZ NexGen

[e)
e

53k 6/2 (2008) pp. 143~153

145

(Next Generation Air Transportation System)<-
A&star glom, 20253704 oF 7009 E(2F 8029)

o] %4 AFo]t}

7}. CNS/ATM
1% 29} o] @A) d-FaETA| 7} 244 TA
ol osiA] e Ear, g2
= #AIE, CNS/ATMS L
o] aka7izke] YA, 714 AR 5 BAARE 37|
SollAl AFata, ol Fale] It AEH o 35
< B FAT AL T 5 YES
AL A G5 AR F2A7)E delth

Communication
Voice

Navigation
Ground based Navaids

3 1 veaen
~

(G

nnnnn

J8 2. & ATM 7HEE

Communication

Satellite %
e /
R

2| 3. CNS/ATM JHE=

L}. NexGen
NexGen®] &-33= 20250l &Aoo 30 oS
23ket 5= e IAAAES JdelE Hlow o)F

AZES dAle] 30%= AR 71AL, AR EZHES 95%=



¥
Waypoints associated with

Controlled Times of Arrival

38| 4. 4D Trajectory 7|8t YT

ol LR oY 2S998t &Y S
AAsto] Agaf argi et o] 244 k= Dynamic

Multi-Track &= 7S 19 63} o] A+-8kaL Atk

1000 {

38| 6. Dynamic Multi-Track Airway JHET=

w3 e FREAdA ] TUE HAE 9%
AT, HAAA, o) H9E 98 418 v Y
WA, dw 45 Q7w AE 1 A

Cl. Free Flight

o]} o] AT AN 28 19 Tl A A
g A3} o] 71| Aol 1 AAE VORS 7|
o2 nEgshd 44d FEE VISR WIS
@ols Hu e, FuE F U A e 7 vk
o Stk of=gh HlA/NES ArHlgol2kaL shH,
= @778 A7) rledlR AlEggits Zle] ofyet
o] Fu5 F o st AR gT= delt

5 )

J8 7. 71Z9| VOR 7|dt &0t RIRHIE &2 JHHIx

nl=ro] g WA E 2R FSA1ES sk
383} o] wEAZA(TMA : Traffic Management
Advisor) A|2BlL HFHTAY] T2 =HpFAST
Passive Final Approach Spacing Tool), &%ARE-A}
QA H7EEHURET : User Request Evaluation
Tool), FALIAFEH(CDM : Collaborative Decision
Making) E9), ¥AX-IAE o]y S41(CPDLO),
A)Fo] 52 (SMA : Surface Movement Advisor)

Bt e ST

SMA : Surface Movement Advisor

CDM : Collaborative Decision Making
TMA : Traffic Management Advisor
pFAST : Passive Final Approach Spacing

T8 8. A 2EEt



47174 ¢ / a4 7155 3 6/2 (2008) pp. 143~153 147

el 45 20005 20053714 EC9] A=}
ENAV (o]ef2]), AENA (¥¢l), DSNA (L&),
HCAA (Z18]22), MATS (ZEh, NERLU (%3=7), NLR
(Mg #=), SCAA-LFV (¢4, EUROCONTROL
s oY fFE=TPIREe] g “AFAS A
vz g 738 (MFF Programme)” 2= A& 5AM S
Eoto] A4 A agae] vl ek rHe delE

ool v} gl

g 10. 3ol o] ZAIXY =&

S :
. Safe Flight 21 (SF21) 3) Ground-to-Ground(ZZ¥ 11)

n] A X 7o) FEo 7 st LI ZAEZ )
ﬂ;ﬂ;:;iihl} - &H; a9 O;}D aay CRERAAL AELE
—o? L‘_vj—o 8F ShH= TI° = Yo - XAk o] =A o W3 LA B 73}
3]0 A ZI33 Ohio Valley X2 133} g ~7}

19 2323710 £ kst w8 S 1@ v

19981d% RTCA(Radio Technical Commission for
Aeronautics)ol| 4] Flight 2000/Halaska T2 A EZS
tiAsE7] $lske] Al2bE At
SF219] 522 w771l A 2-8- CNS (Communication,
Navigation, Surveillance)”]&3} 225 d3sp7] ¢35k
A0 Z o3t A2 7S A8kt Jofxe] S-S
=o)7] flste] A8 o] & B35t A THsISITE
SF219] W-&-& 4itofel] oA 97l-aedxk= 7hAd
= Ao R,
1) Air-to-Air(Z1¥ 9)
- 713 Y T HA
- AR A 7R
- See and Avoid 7|5 78}
il

R |

I8 1. S8 XM2E F2us

4) Ground-to-Air(Z1¥ 12)
=717 2 dg doly gl Al

' o] 42 ; 28 12, AACE #TY|29 HidEe
T
= T et 2 2= A,
e

O}, Capstone Program
J8 9. S20Me| HiEEmE JHE . .
Capstone Programa &-3-3& 7|49} v]dxlat
1

2) Air-to-Ground(Z2¥ 10) F(FAA : Federal Aviation Administration) <2}
= ol v] AR ol A ] tiA] A 7]5 SR 27F A7} D~k A 9] gy b a5 5
- Ao tf gt WA= vl el tist - sk A A1717] 98l Z8Ysl 3pA| = 1999d e A|2HE] o] 20061



A AN 2] At 2, ¥ ol
Aol A o) oA B Su, BF 23
Aozl g A7E Qe

H}. Ohio Valley Program
UPS®} FedEx7h FHolste], 12402 =75
183t See—and-Avoid 7|% 73}, 234 o7 =

O

FEA, 3UAR FFNAR LPro] BANE 59
st
3. At=H[|™

3.1 el7|o] Krg|a

FT=39E 93 TCAS(Trafﬁc Collision Avoidance
System)¥}, AF5-0]2-5-2- 913 [LS(Instrument Landing
System) 7|50 AR&-F] AL Q)

TCAS= A7de] #legle] &e7] 43 AR ughs
F3te] stk Il ek ARE AFsia
A RETE gl o] TCASE 37H] o= 4
¥ =d] TCAS-I& %%"]'51‘ ARAE A FshH= 7]50]
AL,
=

(3

=

TCAS-119] 49+ o]t 3} 2] 33

A&/ sh= 7150 dom, Al A <1

TCAS-TIel &= 33 474 3|9 2As & = = 7]
o] F7}et}.

19939 12974 31914 o)ite] Wav|of=
TCAS-TIE o)A o= Fasles slal glom, 1996
FE = 10904 o] wzlkelalel gAle-SES )
2-g-3haL ek

TCAST TETS 75402 ARs| 7+ 7sihs
B3 9lof, 2FARe] 24} glol= 3|97t ErFs st

AlZ=glot}. ICAOI A= TCAS AAE HAAF AA Bk

& 6/2 (2008) pp. 143~153

AR qPAekaL Qo) AA| ZEAFES TCAS?)
Azl digk ghAlE 7HA]A] Zall TCAS A K=
ALY A Al whe} FE 7o
Rom, ol gt ApEde| k4l
7% 7N Al Al ol = AL o”jr

TCAS®] & shte] Wl S590A Agrt gvkes
ot} o] A|Z=EE AIZHA 74ﬂ2 7|Eo R —r«]
T4 (Caution Area)®} 7dA74(Warning Area)S.=
T ﬁiﬁﬂ “ZFD} "erﬁ 0—1«] 749 oF 20~48% %

A1 ,
?%ﬂ% 15 ~35% ¥ ?5‘514640] AT AL ou|si),
= TCAS«] —Or olule] TAIZHY FEHERE
QA= A %9} &2 ZAIY] ey A] 2B o A =
AH8E S oi‘:]r

A Al ~Rlo| A= olefgt FE3]Y s
5t HlAAZMA] S As 8T8t 3lom,
ol f3l AAIT) FeA|~EIQl CNS/ATM 7=&
0]-8-3+ ADS-B (Automatic Dependent Surveillance
- Broadcast)7} 71 Al €= a1 9}

ADS-B+= 38717 GPSE45-H JJr‘:’HSL a1 2] 91~

W = AR E F7)4 o2 vbslal, o] & T
7] B APFRA| oA FpalEke] s f1x] ket F
EARE F3 39T 5 JEF 5= Al ~Hloltt
FAAT 1992W4-E] ADS-B9] 7|4 H7HE A%
stal 8st7] Ao, 1998WH-E ADS-B %
o] of FAFH WE AH| 2 7]zl gt -840 Al H
H7ME AA]8taL Qlt). Capstone A8 Alaskas
A3 8] AR T o R A ADS-B7ss 7
3l7] Y8l 4] Bethel ¥ Yukon-Kuskokwim Delta
oA A-83t7] AAeFA AL, Alaska A & E3He}H
d Phase [IIE 9% A AL = %F é}t <ot

A F71e] FE3Y A= FERAA G
gt A57F &ds] o] FoA|ar Utk “]34 8-
a9 133 Zo] 375 AR HH3 Smile, A5}
1000ft 94 FF7|HEFAo R AHolslal, o]
gt =39 AFE Fasta ot

1000 ft
E aircraft altitude
1000 ft

32l 13. ES30] HiEESTY FH|

R

ot

oy ol ME
M




3717 9 /| et

w

=% O = =] -

FTES S5 VYo R AN ST
(State-based Conflict Detection)¥} H]| 3§ A & 7]wt
o= 71" (Intent-based Conflict Detection), ©] F+
7HA] 7]m < =g 7] O & 37HAI7F ARE-E AL Q)

5719 @ ek e 7]‘*

TEZ FIse o Ayt Srge
7 149 2ol I3 AW Ei S

Intruder's

protected
. / zone
Miniraurn

Headin
g distance

change

Ownship\;ﬁ
vise

Awvoidance
wectar

wector

Speed
change

X

Intruder

8 14, dEf7|H SSE0] 71

route
ownship

waypoint

route intruder

intruder

ownrship predicte
foss-of separatio.

resolution’
waypoint
ownship

,_}_

ownship waypoint

ownship

intruder *

I8 15, A=Y S=80] 71y

Egk o] g =39 Al 944
4% 3|97 F0] FEAES U oA
FA7F ek, aE e gu
Agske e H
Ha gk dAEE
7‘?<l o ﬂﬁM ﬂ]‘ 0&?7}

=53F 6/2 (2008) pp. 143~153

155

S A 3] Sgel A Bagt vl gaeel A
7] AR, B37) A, AR An 5 18l

AP R o ek o
& el

8
ILS A 288 &5l F3) Ao Ax5
AAE deF= g9l ~
A= Olﬂﬂ—?% 457} % H](Ghde Path) ¢} 2544
72l AglE 4+ Marker Beacons ©]-8-3}o]

G377k AEH o BF2o) AT 5 YET Sl

Fi AR o]t} ILSE %—: o wel, A% 800mol
o o] 7F5e CAT I, A4 350mol ol q o]

7Vs8 CAT 11, A1 A 200
CAT III-A, B$} Al7go] $bd3s] ke
250 7}53F CAT MI-CE F-EH o},
A =ule] JAHFEe] A5 CAT NI-B AlAo]
A Eo] 9lom, 735 CAT—HO]U% CAT
[-C7} 2=

o]/\loﬂ /\ﬂc zLEo] 7}M5}

SEN M =

) Fo
ofl ot

= of, -JE'J /‘JQE
ILS (Instrument Landing System) /\]i‘%‘% oA gt
T 9L Aoz A,

AFRL (Air Force Research Laboratory)ol A<=
AACAS (Automatic Air Collision Avoidance)&

W¥sta, 2000858 fEATFE 8ske] 2001d
A ghaelE e, 20030 WA YR %S
7hukstal o, AGCAS (Automatic Ground Collision
Avoidance)E 7|HHo =2 7 B HIAES AX|= Tl

oF Atk

3.2 727 (2] AtsH[H

FHzo] FR17] &-& N @8] Abdo] H5aA|
gethe A ey A71= A Hlf‘ﬂ

(Flight Autonomy)”|s2 £7-3
A& 8 2 vlddAel ZF A ol A X}%H] Y
Ao we} e 714 s T Ao, =4



150 3717 9 / a7

A FEALY Abgell ofste] 3
£ W3dA (Fully Autonomous Flight)&

oA E I Aok N R 88 e
71¢] x]'%‘ﬂ]{iﬂ Fog AEsH ZIAE ol g,
g vt AA S ofe] okl
7o) 7\_?3'3 T arolof it} o] & ¢l

A 7l Foke vt 2ol aofd 4 sl

2] Qlukz] o=

o SAAA TE FR17I9F A Aol R 2] AlEREE
3|

=i L ASHI AR

57 o 63 A 7% HAW B S 58,
A2} g #-gAo)

s 5 2% Ao] e Ee el

3 HlAlo] 7% maAlel A5 o5 Bk

I P

« AR AR FA] Ao V)=

T AE HlgAle] Vs daes N

o
A s b e B
A

n=e] 75 FR17] AEnAe]
ol 109 A= F2afaL ok 1el= A1 7]
oF o] x| 2FAPE 2F8te] VS
Z|ErelH, 2@l At 7] dHE
Sk wAlolY. 39Al= el gyt vE
Aoz HAARE dAshs 7es TSk i,
4t = gl ?:‘.Pr%ﬂoﬂ sl @71 ZHAl
Aot 5eHAl= HhH] 8
Al Az AT
3]'17 71%’\1?‘1‘%741%— —"4“]?’&5}. THAE Ao S
Te LR s 7les o]
™, TeAIE 713 BAkArke E7E AgEAl {10
&
|

iy

N
> |o
fr
o
fr
il
é
—Ll
oX,

i
obo rﬂ

&k 6/2 (2008) pp. 143~153

Autonemous Control Levels
Fully Autonomous Swarms—10

Group Strategic Goals|

Distributed Centrol

Group Tactical Goals,

Group Tactical Replan)

Group Coordination)

Onboard Route Replan

Adapt 1o Failures &Flight Conditions|

Real Time Heaitn Diagnosis|

1958 1965 1975 1985 1995 2005 2015 2025

FO0| xi2dlY Vlesa

we] A olel thel RGBS Ak
Mgor ARBES AHoR Sk 1087
Gl W, WA 4vsh 5B F7 sl
MR e gk B, 20154 ole] 88

Tl m2E AoR et glrt F, AEe

ofm] 7] F9l7] Q1AL 2 ey Aof A2
DVIE A gasm slovt, B R 2

FRIEE7] AEns T EE, Asu| Rt
oillet A, F=39, F=AY 5 ZTAM
AR SEZMA] HgAA AR 08 FEsE As
X2 vlar =94 (DARPA)S Software Enabled
Control ZHAIE F=8)so], 17 173} o] X-45A F<I
e m B 73 stoll AAg 2]

Ao} vl BE Ea) B vk Ao

iy R=1

38 17 X-45 T H%7|

NASACIA 20061355 AJ8d 221 ALHAT (Autonomous
Precision Landing Hazard Avoidance Technology)
ZRAEL= 23 ARl FEv A5 ohy) shH 1}
Ao (GNC : Guidance, Navigation and Control) &H=
dojof AZEL S 7|59 NS BEE A5 318
Zoll At} Johnson Space Center(JSC)&= 3HH 2 =



dae]E, FaHAtel HILS AlgS 9936}l Langley
Research Center+= POST 2 (Program to Optimized
Simulated Trajectories) AZELOE ]85 6 AHE
AEdo] A3 TRN(Terrain Relative Navigation)<}t
HAD (Hazard Detection and Avoidance) AWM, 11%=7),
HESHAAES] N 2 HEEE %%0}1 A

JPL (Jet Propulsion Laboratory):= AlAM, <ad]s
T8 AN 2B Bl AESL] 93 AT EY ] o
)& 73, Draper Laboratories (CSDL)&= A&
SyE|Z Ao dug)E A 283 GNC B3s

2 e,

1_,

3 NASA Ames AA741E1$} Dryden Hl&) S
AERE ol E& As o A% 5 Q= 59 AT
S 22 vlsAlo] AZES IS L3 F 6] 3y
Aol ZFekoit). Boid darg]golela Eels o

S Ag 23719 P S 3] Lo E i
st B WA L g RS Ak AL ok dlE
M2 et olsdhe A, TEIYE ERehE A
o2 UAVE©| dAg AgE FAIshdA H]
Hl g7 2ol = ol &S 3
Fo AT & UAVZE Fel#]of 8 4
shal SRR} 22 -5 e ow FoAd
T Ve om WHAAE Als B3R skl ik

n] oo A= 2009744 ISR(Intelligence
Surveillance Reconnaissance) 7]&<S 483l
ERMP (Extended Range Multi-Purpose) UAV 22
AEZ F8fste], 7 o o]e] &g 7|7} A= v
g, & diolut Rt AR B3t 24
5lolge] S & HAoR s A v
(Formation Flight) ®Hel| thgh 7iah-g =a)star Qict.
NASA Dryden Flight Research Centere ol A
=838 AFF(Autonomous Formation Flight)&
NASASQ] a+3-9-F7|40] Aekd A3 e] gglo 7 Ao}
7] ARARE 10% A48k S 532 HY
I} e Eo} thgt so] At - 8 FE o AFE I
Shar ot

szt A= ReSSAC (Cooperating Autonomous
Search and Rescue System)~=ZAEE F3alo] 7]

Ty TRV A7AHRE VINe R AFH Rl we
P53t Belslsh A 7he) ARl W Sol
ek A7 18 Folth

53 6/2 (2008) pp. 143~153 151

FR171e] 8 7= 7'%% FHA A2
AgE oo} gt} o] & 9= 11 183 o] -
AR See—Understand—Deade—Act( 7
Avoid) 7]%50] grr.E|ojoF gtk

18l 18. 2217] See and Avoid

o] 3t o] UFow ojgtg]o} CIRA -4l
A= 19 19004 BojA)= A 2ol #lo|e 9 EO/IR
7hrleks SR AME A9 6b—7] o Aale] =

7]l 883 See and Avoid 7]&S 7HEska O‘E‘r

T8l 19. CIRAS E=8/T] Al

q _—
S o8 3te] W ANEE U Ak

38| 20. Proteus SE3|TAIE7|



152 37174 9 | &2

FEgh GFE o] 83 Abs AF7]4 % NASAE H| ¢t
o] tjgtol| A F1 87| E o]g3te] 7dalar gt

T X %= DGPSE o]-&3 F<17] A& o] &F
71E2 Agdol A e vt glom, dAlE 4
7|RF 31 0] FR17] ApFol&AE 7w Alg A,
71 FEFEHE o] &3t 7 Apol 2 E 7|E
KAISTol| A xla8atar ik, 719 212 477]6t &g
FE A5 #AF7)E JlEfeoltt

MuItI-S_ensa_l Efficient 3-D Hazard Precision Landing

State E Y D ion and Through Surface
Avoidance Tracking
M
\‘ i 5
N | a . ad o

Adimetry, imagery and ‘Surface reconstructed from Hazards deseciod In terrain map Landing site modeled os &
N s M BSUTRMents Pair of images scquired from fEnRINd BOm passive imagery 3-0 taceind suriace to
contribute to state estimation. single camera. {sado Zonos are In groeen.) allow for & DoF tracking.

4. 8% MY

717 285 = 99s A3 giE Ao] &4
Al EAL AT 2y @A BV o AR 28
war glom, xIdel that AdaA e 7 482
718} o] FolAA] @aL vk

T9s Byt w71 eaEdAlAlsEe]
FEEF FAT TS s2s] flste] AAY
FEFAAA LT o2 Msfskal gtk o] H 7 A
t FEaEeA A Lsels Ferle] AT e
gtskaL glom, FQ17]9] BAlE AW 8ol thet
Ftke o] arskar gtk

olefgt ¥ FAl= BE Fevlel AEH|
7ee g 8ok Yo ¥dd Aew A
Huz olo] ek A7k et = o gk

FR1I7] FE3)9 75225 ADS-BE o]-8-gh W,
Radarg ©]-8% WH, 9&ERE o83 ¥H

T o

ChFet A7k o] oA AL Ql=El, ADS-B W41e] 4
CNS/ATM ZAA2=Elo]l 714 A gslAgh ADS-

ClE R
G5 s 2 Ae71e] 14, ADS-

oy
o
)
o

AN QA 0= GA7E 97 e
AEuI ] glolH FB717} o] i sk BAlE
AN AE Bere] adlol A % gk LA}
2
_]

A F3 AEolM T 53 A g2

o] T F7] G E e Hol
A=, AT 9S A= See and Avoid
)5S Ao g sla glon 7|l TAAlele)
+3E4 = dolE EAl Vek EeHoR ot
shar Qlet.

A2 =39 A9 T3y dazse
o] AUt gt o=, Al A3 HeiA e
olel gk 7N A7 = oJoF & Flojth

Biad b= 1 O B ko P Rl e S A SR o A Bt
o] 7EAATE B e, ol e ulE A
Alz=Elo] Wstel #Av]|E MY sFS AEKHORE
gtetsl= Ao] F8sith

Sk
L =als A7, AP G V@ S99 A7

HI1A], 2008

2. gA1d, “FA A e 7R Q1 e YT
Sk g AT Bl 2007

3. Mario S.V. Valenti Clari,Rob C.J. Ruigrok, Bart W.M.
Heesbeen, Jaap Groenweg “Research Flight Simulation
of Future Autonomous Aircraft Operations”, 2002
Winter Simulation Conference

4. Thomas Prevot, Paul Lee, Nancy Smith, Everett
Palmer, “ATC Technologies for Controller—Managed
and Autonomous Flight Operations”, AIAA Guidance,
Navigation, and Control Conference, August, 2005

5. David J. Wing, Jerermy C. Smith, Mark G. Ballin,
“Analysis of a Dynamic Multi-Track Airway Concept



47174 ¢ / a4 7155 3 6/2 (2008) pp. 143~153 153

for Air Traffic Management”, Langley Research Center, No. 6, November ~December 2007
NASA/TP-2008-215323, 2008 8. Chirold D. Epp, Thomas B. Smith, P.E. “The Autonomous
. Jean Marc Alliot, Nicolas Durand, Geraud Granger, Precision Landing and Hazard Detection and Avoidance
“A Free Flight Autonomous and Coordinated Embarked Technology(ALHAT)”, 2002 Winter Simulation Conference,
Solver” 9. S. Vetrella, L. Verde, U. Ciniglio, F. Corraro, “Unmanned
. Mark E. Campbell, Jin-woo Lee, Eelco Scholte, David Systems Autonomy Trends”, AFCEA Rome, Sept 2007
Rathbun, “Simulation and Flight Test of Autonomous 10. Jum Montgomery, “Autonomous Vision Guided Safe
Aircraft Estimation, Planning, and Control Algorithms”, and Precise Landing”, NASA, Automated Reasoning

Journal of Guidance, Control, and Dynamics, Vol. 30, PI Workshop, Sep, 2002



