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© Vision-like system

Vision-like system< A& 3 EH(Optical)
Zhelgh Ao ghdlEtE o] &3k, Q1AshE
A =]l o2 A, 2¥olm A7t= F-]lo] 7hssith
L3l Passive systemQ2ZA] An|AY 2 FdQ
Fxbo]l 22 EH o g A7 FRl7le A eich

H 5ol GAAY 71w IIE <lste], Vision
- like system< IAMA9] FAUE Aso=z Q14

sha, w@ ofe] sle] AME olgdte] WAlrste)

A 2 A g@A7) 7Hss A Sith
a8 Vision-like systeme #38ke] AR <l

3l TAAe] A &3 Bkelo] oY@, 7)oz Qs
saAe) QAo FATE Qlof, FRl7lel H@A e
B2 A Ao el @Ak TAR S 9l

©O Radar-like system

Radar-like system< #|3FA oHUZE o] &3]
IAAE AR Ao®, e wet IAAY] A
331 PR = 212]o] 71sElt). B3l Cooperative
system¥+= @] Transponder®} #-& Au|E A2k
sk ek HlgA% 'X7} Thssiohe Z}ﬂo] At
A Qbelve A4 19 We g 7)AA]
WSS sh, AE WAk, ﬂ/‘}xﬂ ol A HRAL
H Ao maAzE 9 S S8l fXIE Hetst
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7Fsete] dgmiet 7 F2 AR @37l AL
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© Cooperative system
A R FA7edA F
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&3t &= TCASS] 7% x4 <l Cooperative
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Qo] BE PR FAVET ofyg f217]9
oot s AT B oA oo tid <
T % FAE AEHo®w sl gt
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oA EdsEde} d¥shs TCASE
o83 FE3|Y Zo}i]% o4 weA|1ElY] 7]eo
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S0l AdE WY e FHES aRHoRE ©
A& = glojok shH, e A 5 AAITE
o= FAste] 91F We el AlFd i,
FHE 3|97 5S AT F glojor

Ak oz f{Rl7]e FEAIL FuR ALEY
I JE TCASE Ao Ad 58 7|+2
2 FE 990 dv IR FdHo] 20~48%
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5% madAd Baw A7%e 502, 45 WA
2 Agsted 4.0, IN2AS sed 04z,
717t Mok 20%, 5 FENAE Az
@ 12529 A A7kl Basd, oo FE3
s Ao gAMe, ABEA 1T FEY

ol glolA &2 e] e
A Qe E ot Aeorojor & gA4e ©AZ
(Field of regard)e|th. ®&A17te] A9 FE¢ ¢
o] LA = 9= BZE WYL Hojok o
olel wet F17] vlgA|e] FE3I] T FHl= A W
F @Mo] hssfjor gt ey X]gd RADAR
1t} Vision-like system® 7%, EX Wekog g
A W97t BAH oz o]y Z9-oi= Cooperative
system¥} 3| ARG ojof ma}pH o]t}

S E 2= NASA ERASTYoA A& F9l
HALES §-217](Global Hawk 7]5)2] €15 Roadmap
o AXE DSADetect, See and Avoid)ZHol] thak
Draft 870t}

H 2) HALE Class DSA Subsystem Draft Requirements
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Parameter Notional Requirement
- Avoidance maneuver Ground controlled 1719 F=3| 9] gk AT 5 on I
capabilit & autonomous E ANEE §R17)/FA7]0] Faale] WA
'etection range 10km ~ 15km S 23 o APAHS A=t Yg= dAol) &
« Collision miss distance > 500ft ‘ A okt PR o7 AlFEo] Sy gon, R
N X Azimuth : + [10° = _1:_ 1 P ) = = 7}
mse field of regard Elevation : + 30° Fol = A7 2 ol e dE = 7
nse for revisit rate 1~2 seconds’ Alesl el dyEd aviRie &3
- Time to collision warn’ > 20 seconds’ nre A e Tl A W83 A7 A S|t
- Time to collision predict .
accuracy < 1 seconds H3) 0 22 2 829 So)| EST A
lax’ closing velocity 950 knots’ AEUE | a7=4
Teight <25 kg Air force DSA Flight Tests
- - IR nose camera for Global Hawk ASC
ost < $200k ~ $300k - DRA optical flow EO sensor AFRL
« Environmental condition 0~ 70 kft Navy DSA Flight Tests
- Skywatch transponder/receiver
*: TBR : To be revised - Midair collision avoidance system PMA-263
- Amphitech oasys radar + IR

3) FAA AC 90-48C "Pilot's role in collision avoidance"
4) Environmental research aircraft and sensor technology

5) Technical standard order approval. #118(1), 119(1I)
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* ASC : Aeronautical systems center
* AFRL : Air force research laboratory
* PMA-263 : Department of the navy program

executive officer cruise missiles and joint UAVs
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4 1 Visual-like system= 0| &%l
I A3 58

Visual-like system< F<17]9] 34 AXFA 2
Hggdol Fom, Al dEHoEE= H=F Air
Force Research LabsE TA2Z Defense
Research  Associates(DRA)9}  USAF  UAV
Battlelaboll ] ATDSS®) Teams T-AJste], 23]
AT Foll Ark A= Zd 99ol AIFE Lo,
oln] 7hero] k& ¥ Detection systemS ¢l &+
710l Fatele] HlgAHE B3 FAe] E&AS
Demonstration 3t @It} Demod] F+ &S t}&
7} 2}

(¢}

© Total field of regard®] 2 &4

©O Detection/declaration probability as a
function of range

© False detection probability

System®] #¢138-87] Demo$ol+ o|n &
7|24 Algade] 91FH Predator ¥ Global
Hawkell #Fztste] 45353 9 vixbs 39 A]g
S Adsta 9ov, thg #E 4% Predatorol &
Zate] G=ald Alg o] dA ol

=

H 4) DRAY Predator AIELE

FES-FUEANd TS 2

Phase I : Man in the loop (¥+A}%)

Nov 03 ~ April 04
May 04 ~ June 04
July 04 ~ Sept 04

itegration planning
hysical integration

light demo

PhaseIl : Autonomous (A%)

FY 2005
FY 2006

CAS Integration
light demonstration

6) ATDSS : Air Traffic Detection Sensor System

/1 (2004) pp. 142~151

18 3) HIZAIEE fdi |0 F=E dAN 2&

ATDSSe] Algell AMg-=3= Sensori= Visible
staring Sensor®ZA], 1004x1004¢] s|A=E 7}
7 3709 CCD 7HH2H(30frame/sec, 10bits/pixel,
LVDS interface)°]™, SensorolA 7x]¥ 3| AA|
52 A FH oA Vector THAE o] &3 &

=1
ugEe T FH e AHPEH

+  Adreraft motion causes image to
move across detector armay

= Algonthm quantifies this motion

*  Aircraft do not move with the

43 9 7
e 7Eo R NS B3l FlVle &

H YA P o] Cases T=°] Ads= T4E
-

lr 2

71M el A EURA E4l TRrAe] FrE
LOS(Line of sight) Case®} BLOS(Beyond line of
sight &, Satellite communication relay) Case® 4}
TR 2y 4o 2= Sensord 54 A
Nose-on Case®t )&},
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H 5) Predator B Response time

Pilot times(sec) Predator B Times (sec)

(FAA AC90-48C) Type LOS [ BLOS |Auto
Detect | 1.1 Detect 0.25
Declare | 5.0 Declare 0.33
Decide | 4.0 Suggest 0.17

Comms down 0.25 |10.625| 0O
Act 0.4 | Human approval| 5.00 5.00 | O
Comms up 0.25 [ 0625] 0

A/C Lag 0.10
Total |125 Total 6.35 | 7.10 [0.85

55 AWkl {97 2FAE FE3H
-2 AX| 713 Predator B 33719 A%E

o] wluo|t}, AF3] I o] A, Al
g A e A ATl TEE o
FA}2] Response time¢l 12.5%

0.85%= UEtitt.
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4.2 RADAR-like systemE 0|88t &&=
Slul A4 &

=2 5 Ulof] F-9171E WIZE Class A 399
A 1719 A HEAE S s Ve, AEA
719kS ZERE= Access 5 Al¥S £t gy B
A8l2 NASAS] ERAST(Environmental research
aircraft and sensor technology)’} F%©°] o]
Fatal 9lom, ERASTE WIZE oA §-17]

—coﬂ Al TEﬂJ] A7y AeAolgte As <l
£ ol &% FE3|Y FAE ATt
@ 9,1 ol @7 NASAS] Dryden @747}
Fund& Al&ste], 2002 3¥€5E NM. F Las
cruces H| 7oA RIYA|Fo] XY= AT]

Amphitech Radar on Prateus

J& 5) Proteus #3D|0l ZatEl SE3|IIE RADAR Sensor

53k 2/1 (2004) pp. 142~151 147

AR TR L = AR F 542 RADAR-like
systems o] &3 FEI I Aulo ko] 9o,
v & 24 718 5 39 715s sk
e NS A s Aol

H|ZA S-S 9% Hardware 2+ Scaled composite
Abe] #91 &-87121 Proteus @719 ol e
Ka-band(35GHz) RADARS! Amphitech 2] OASys
(Obstacle Awareness System)E &3}, H]3)
AR S vE T gYdd £ JdA9& 7K

= Proteus @379 Noseol &€ OASys
RADAR®] /e, 18 62 HPAHE 17| 9
3 Intruder?! F-18¥ General aviation ¥ &&7]

o] EiFolth

& 6) HIZAI

=0 Proteus®t Intruder® 2&

%<9 F 20709 Caseoll Wlste] FE3)9 H]
YA o] Ao, thFe nPgFdEs 77l
Intruders RAFSH7] $13te] Hl@A o= A&
o] %59 379 General Aviationw 7]
aEal a&e] F-18 37| Eo] F& EAE
9%+ Intruder@ AFE-H At}

ERASTeA 218 5 FE3)9 3¢ Logic

o AE FF719 ZAE IntruderE FAO
2 500ft 279 714 Bubbled WEo] F&
H A 22 32xo] H A Bubbleo] 7+ H A

GrE = wHomw MARYY, I =
92 g8 HAx 571 B AdE 20012
4= At

o
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25k FE v AAE Y ARs dF I
Som Ald Ay, RADAR-like system< 34
Jolt] WEAMA A (RADAR Cross section)ell
GARA7 A Wstete Ao ® vEheTh
14 gAo JUFE Aol A= F-18

15 o]&dte] HIEHE 610Kts® A sto]
Aldston, A4 F-18 37|19 & do
Y WA Ao e Estal AuFE] Bg F=

e}

io]—

il

4.3 Cooperative system2 O|E¢t &=
glul AL &

A7)z e g AT YA 2" W
Jste] FFErle] FyAAA 9 FIyrdS g
ZA1 X (Surveillance system)E2 ®22 @S
3 gtrh. olo] WIZHERI7|e FE3]9] A 3
o} &= o]Z 83 Cooperative systemo] it
3] A= At Cooperative systeme 43,
A%, M4, As T AY RE WA vE

SystemE3} A= o], WIZHE F17] A|AFo) A
wo Ao s gy, FA suks AF =0l
Cooperative system W29l FE3]3 AHZ=
TCASE °]&3 An|et ADS-BE °]&3 A7}
At

fl

4.3.1 TCASE 0|82t &2 A3

TCASE #9olghg7]e] gxZel F+74
A, FF7E % Al
sto] 9] 14NM ©]
Aol SAHRE AFg)

T3 TCAS-TIE FHAH Qo] $23]97]15S
gk SAAAE HEF 2 b ASELFPEER AN
5H T':r/}’

TCASE 15¢ e 23 2 DatabaseE HIE O
2 Fajelel A7 AT EY Y] dae|=z Q5o
ol oA Alg|Ade] dEle] 111 Mitre®]
A7-ATel oehH, FAASQIS TCASA - NMAC
o] 7FsAdE oF 0% EY T UE &42& LE}
W),

-2+%] Transponder®]
F HY ol g st I

IO}-J o

oo

o]#]g TCAS?| AL ngoz %
E3]7] G| gt 2-go] Gks] AP

TCASE ©]&3te F=3|9 7ss
Qe gFEAel e v I AR} A4<2] Battlelab
7} NASA ERASTe|t}. E3] NASA ERAST®] A4
TCAS ¥ RADARE SAlol Fasle] Bl o 41F]
e =R FE39 FAE At ok

Battlelab2 & TCASE &3]y A9 +
AS A8 AFEAow, QF-4 Fa7lel F2se
13X EE 38 ol 9k Battlelabe] 45, &
S S 93k W= ¥k 500ft, L% +100ft2]
AdE R A48 i g s naAet &
£33 AgS st

Aol AR A 9 e dEA A @
o, Al@d3} %H*ﬁ*% tﬂ%ﬂﬁ}fﬂ == ¥ ERIisk
ratio)S AtEsHE WAooz M-S AT 2
. a9 7& Battlelabow AXE AR F, A
of de® TCAS AHB] ZAe|t), 12A] Wak
o] Atia® -200fte] 3Ao] gloy Z=Ew

d

a7

)

& 98lA+= 1,500ft/min ©1d9] AsERE J53l
oFgTh A% e ge,
8l 7) TCASE 0l88 &3l ZX NBFEE
432 ADS-BE 0|82 SS9/ H7SY
ADS-B 91438 A 2810 weba Bl &
Q171e) Gaerd e gste] A e A

AP B

7) Mitre 97W32
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ADS-B(Automatic Dependent Surveillance
-Broadcast)= 4 dHelHHIAE F3t Al
o] YA(dWrA oz gl F2E GNSS
AZ|ZHRE dojx)E FAIS. $AalE ol 914
ARE FHo Y= B
of oJaf FAHAA, K
Aol X AR} F9]0
aA ok T3 AXAHR

7t dole®gaE S UEd ¢ don, BE
o] &2 ol EAES AT £ g T 4
Ha Hae g7 A, S5 LA Ho &

HAolm kAg FPetHE HE F A "rh

ADS-Be] A& AH = TCASSF A8kt TCAS
Hoh 3#9 AAAH Agwrt i @t
Z Zlo] Axlolth

29ee] gl SCAA(Swedish  Civil
Aviation Administration)= EADS/IAIAF] Eagle
371l ADS-BE Aste] A" 2FARY
IFR ®& 7fgez 20020 29we] wzkaa
oAl o]F3te] o Wit FFeE FA5E I
H A E S J3A o=z F333ith

ADS-B Z Xl

18 8) Eagle &3JI01 H&tel

B3 Alge 2002 3¢9 2149 A&t 6
4 120 FRENOH, T 63], 25413 HAE]
Art. "]?ﬂoﬂ AHEE Eagle #3719 7|AE
MALE®F o 2M, F32 1,100kg, Link range=
200km 1#]3l Endurance: 24+ A|7ro] @3t}

Ald Al ATCE Eagle ¥217]5 tE e}

8 9) AYH Kiruna SE0A OIS0

| Eagle &38|

Ald Al Eagle §¢17]:= ADS-B VDLm-49¢}
HEA 9l GarminAle] ATC transponderE AR&
o, HAAE F Ao A = 350km A
1ol A4 dolv =z A& shal, =44 o
g-g7153+= % 1.5km, % 10kme &
& TAAZT

SCAACA 8%t nPA AL s FE3T

X
M ©

72 glen, Ao WA HAgnst
e YAARE ATCY GCSHIe] AN z=F
ARZE ZAATEE, QI9f Al b Eel e E v
T AHHoR FAAZ otk 2y B A
P2 9 T " FAdA TV T 9
S A=F d 2 9nrt gy

4.3.3 Cooperative systemill Non—-cooperative
system?| Sgt

Cooperative ZH|&= 2124, 714, AHdF &
A T o9& Fuls vld Fdo] #€AT F
TT AE ZEeE gF 7|0 Qo] JlEslr] o)
o] RADAR®} 72 Non-cooperative system
Al et s Bgdow Ho o 4l
Aol =2 FEIY AAE T = Y

[e5

&

8) Medium Altitude Long Endurance

9) VHF Digital Link Mode-4
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OASys RADAR | Skywatch HP
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. + 35° ‘azimuth) R
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Bl 3l N/A + 3,900ft

Azt AAZA <l 32 Le Skywatch HP7}F 74
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7Vs gk A 05 e

a9 102 AF ATE 32k ez 74§
2 Agolth Aldd AHgH X2 F o GA
337124 Beech® Duchess$} King Air7]7}
Alell Head-on ¥} Side-on % A22 HIoh=
Case©|t}.

I Zo| = Proteus IF7|7F FE

7] f18lA s BEES BAIERA on, He
2 FAE F-E& Proteus Fa7]9 dH7te] Het

A 9121% e gk,

oft T off

o mlo
ol
>

ol
=5

1

130003 T ] .._...,..--..,..—T-—-"rﬁﬂﬂﬂ
12500 ] l \\ 12500
3| Proteus s
12000—;- King Air IZDﬂD%\
15003 Duchess m— [ \/."'_" 11500g
11000 et 11000 ©
10500-] e 3
— 2
10000 Jrmsmmrtmert ] e ame
9500 I = ~~~~£10000
9500
9000 = ’\j
9000

£
45
154 1134

Lap, 3535 82
Mg, 353 1825

3625 83 L ongitud®

12 10) 3x& HIBAIE 242D

-3k 2/1 (2004) pp. 142~151

Intruder | Closing Radar Skywatch | Closest
A/C Speed Detect Detect | Distance
Duchess | 230 kts 4.2 nm 16 nm 3,600 ft
King air | 110 kts 2.9 nm 12 nm | 4,950 ft
5. 28

A FRlvle] FEI Y e 7] WAR,
d 724 A8 7ted YRS ATCY E#
Ao A" EO CameraZ o] &3fe] A|4te
A" Z2FAY AT FEY YFo] LREA
= v gat= slolH, 7H7hkE ml el TCAS

L &

=

§2 o
ki

= 7ol ditgl A 5 9lS Aow dAdtdEn.
3 wgoll= ARb FolA {1719 Fayehd
= 9% 918 A LTl dntsl | ZoR 4
3 =3 ® ADS-B AnHlE o

&3] Brp o avpAeln, gk FE3v 7]
o] Byst & 4 9ls JoR dddrh % 7
& T=3Y V] FRFAE Y ok

S K e I B s FU R s b
A RIZE FAVE A EAl R9stES sk W
AEE 24530 gle dehe slvh

gy vl AFETE desa, vgER
A7 FHe] T lEEel wast HE AA
M= 2@FHl, w99 &old 5 oY W
FHoz st UM E 1 80 B
sk Aol B AoR oddn. olE fs)
Ae A e e Ve Jide] d
Aolw, EI o5 AAHeR QIS 4 e
AS71E Mt e ARk vpsofof d}

A FEIY] Ve A AAHLR 27
Ao, € Hololx 1 dFadrst A7) wE
o fEvete A Y A W FArie #
A AFR = sE3Y 7ee A AEE T

P A& Sust 9
obgd )l FoolA
& el s



AT/ Fe T4 EF 2/1 (2004) pp. 142~151

T 7) s890 019 L A

o T H87)%
- EO. Camera
- External lights
1A - Voice relay to ATC
- IFF
- (TCAS)
F7bg we] |- Active RADAR + TCAS
1 & - ADS-B
ADn2d

1. NASA ERAST, "HALE Certification & regulatory
roadmap", 2002

. 2003 TAAC UAV Conference, "Conference presentation”,
2003

3. UVS TECH 2003, "Conference presentation", 2003

4. FAA P-8740-51 "How to avoid a midair collision"

5. FAA AC 90-48C "Pilot's role in collision avoidance"
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