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ABSTRACT

The demand for the integration of large UAVs in regular airspaces that have
been exclusively used by manned aircraft has been increasing. Detect and
Avoid, a key technology that enables the integrated operation, is actively
being researched.

In this thesis, the risk is evaluated using the Well Clear metrics, which is
currently in the process of becoming an international standard, assuming that
state information of other intruder aircraft is given. We investigated the
starting points of the avoidance maneuver, types of the maneuvers, and the
point of return to the original trajectory.

Existing fast—time simulation system has been improved to enable vertical
and horizontal maneuvers with given requirements and modification of
waypoints. Several candidate maneuvers are generated by Iintegrating the
NASA developed avoidance maneuver generation tool to the fast—time
simulation system. And then, cost functions are used to investigate how the
optimal avoidance maneuver and the selection of the trajectory return point
change.

In the case of the five encounter scenarios presented in this thesis,

horizontal avoidance maneuver is found to be the most efficient.

Keyword: DAA (Detect And Avoid), DAIDALUS (Detect And Avoid Alerting
Logic for Unmanned System), DWC(DAA Well Clear), Conflict Detection and

Resolution, Trajectory Recovery
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2.2. Well Clear &8

2.2.1. Well Clear 39

Well Clear 2= f€0]+= FAAQ 722l Part 91  “General Operating and Flight
Rules” 9] 91.113 “Right of Way Rules” 9F 91.181 “ Course to be flown” [8]
of 4¢ ol Atk Well Clear= #5718 bds HAst= 795 9vletd, /13
37 2FAPE FHAeRE AAsodh oo 1wV & WAstE VEo®
Well Clearg A9atr] Sl =5 34 2 7les d&Fststs A7 I3 o
Fom FHLo] RTCA “MOPS for Detect and Avoid (DAA) Systems” DO—365¢]
X DWCE A9 33t} [5] Well Clear= Hazard ZoneolA A4 %®, DO—3650] 4
Hazard Zoneg oFefe] 4 29 o= HoE sl

4
d
]

* [r=81 AND [HMD, = HMD'] AND [d, = h']| = TRUE

. S*:max(DMOD,%(\/ 7_.4)° +ADMOD® — i1 .,

° HMD — \/(dT + Ur.rtCPA )2 i (dy T UrthPA )2

— 0
4y = |h2*h1|
where
d, = xy—
dy =Y~ U
U,y = Ty— T,
Upy = y.Q_ 2)1
topa = d”:%jii;/:w forr = DMOD
0 forr< DMOD



0 forr,, = DMOD
r,— DMOD?
- ——— forr,, > DMOD

Taylay

oo forr,, < DMOD

ry —

Hazard Zone< 19 93 22 =54 AAE @) £33 2k 324w 8 9 Threshold
T s 2ol 1= AT & Ut Well clear?] 7]+ Modified Tau’} 35%
olat 4 uwj, HMD7} 40001t olstd wl, F&717ke] #2727} 4501t o]st U HE
ElH, o]& o] A] Loss of Well Clear (LoWO) & A&t &5 Ad AuHdS <
A%tk Zb Thresholdel we} T 98 @A 277F 7Festth 24 £7EE Well
Clear Score (WCS)E Hagl sto] xayst A7 (1615 A&3st] T+ AY JEE

Aasreln.
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X 1 99 dAE Well Clear 7153 Scorel[5]

Preventive

Corrective

Warning

Alert T LoWC
© ype Alert Alert Alert °
Score 1 2 3 4
Alert Level Caution Caution Warning Warning
Tmoa (S€C) 35 35 35 35
Hazard .
HMD (ft) 4000 4000 4000 4000
Zone
d, (ft) 700 450 450 450
Minimum
Average
. 55 55 25 -
Time of
Hazard | Alert(sec)
Zone Late
Alert Threshold 20 20 15 -
Times (sec)
Early
Threshold 75 75 35 -

(sec)
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3.1. Traffic Collision Avoidance System (TCAS)

3.1.1. TCASY A9[6][7]

TCASE fdda7lel dAldes Fa719 $53EE A8y A% Aagoln.
AAA 2F el S A 0= aste] Al &) FRlelA of 40vtd7bA HEE W

obEol 4l FFIl B A SE, IE YRE o8] FES PAHL )%

e

7
=

TCAS I ¥F%E ¥A9 724 7sS FPste AAHORE, @4 FTE AR
RE S 2F:ALA 39 WS A SHA k=t TCAS II= TCAS 19 BE Vs
& T FE ZFAbA 39 Py e gt S0 AN & i, ditk
T g FEe A=Y ek AN 37 BHE FENTFS A8 uy sk &

I, FAYFOR WY Hol A% WANOE FF/E B A4S HAh

=l

7 20~48% Aol Traffic Advisory (TA)S ZFTAlo|A &3t} FEALY FHLS ¢}
S 783 go] HoF o FFRE | FH  “Traffic! Traffic!” &tz 29 &&Ho

2 delFoh ole@ Ant 2FAF GE 3 AGHCE g5ska gAF 3

sty
03 1641 a2on

% 10 TCAS TAsIA <A
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TAg®o] 81 YAE A&KHA FE5 Aol AT AshEvtd Resolution
Advisory (RA)SAC] Holgol FES 3T F e 74715 LEFrh RAE
ASE AR 15~25x4e dEFH, 54 AIAMFOEE “Climb! Climb!” X+
‘“Descend! Descend!” 5 theFstAl A3, o] TCAS AA19] due|S 432
of o&l A7,

ZRAY] TCAS M 4 39 ¥ oflet 3 3|97kx] Egsto] 7udd ogo|gle
U Z27) 28] ARrE dol ASE AL AAE ddoR 39 Ve AT v
o] Aes AT F glo] o] FA=HT([8]

TCASY ¢1gl&2 EWHAEYHE S e FY F371Y 1%, §5, A4 5
2 F3 A AE BIPHE B8 T4 Closest of Point Approach(CPA) 2 £

A5 ALs TEE AARE. 1 ol 7 ARl gt A3 7] (Ownship) & 39

71EE Adsto] AL (Advisory) & EHSTE AAG daEFe] A EE IH

TCASY %E& #AstE 274 g 4 3 2o o] F 2108 FAld w5 A
TASH RAQ) 2 et ZF 999 ¢y FS wel vkgo] A4
d, < ZTHR AND dr < DMOD
* tepa =T
where
DMOD*—1?, ’
tops = . ) = — =
Txyrwy T
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TAS9} RAS gL thg ¥ o] %3 & 4 9t TAE CPA A A =

7] 20~40% A FoE& 9n s, RAE 15~35% A Y& oujdth o] dd%

|52 1 E9] Sensitivity Level (SL)el we} YHA ™, 1 Levelel] we} 12
8 7= (ALIM) ¥ M49] 712 v 22 4 5 Qv (6]

—r
rlr
N

TA
20~40 sec

x>

1% 11. TCASY TA, RA 9

C Operation Start )

[1 Initiallization 1]

[] MODE_S Message Processing 1]

[T TRACK_OWN []

[T TRACK_INTRUDEERS ||

[] = Detect_Cenfiict 1]

ultiple Threatr

Yes

| | MUt Aircraft Processing | ]

[ ] Send Inil;JiraI Intent | je—
.

I Traffic Advisory 1]

!

ll Display Advisories ||

v
1] Housekeeping []

9 12 TCAS €18 &E +=AE[17]
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¥ 2 SLef| & 7|+

ZTHR (ft)
Tau DMOD Altitud ALIM
itude
Own SL (seconds) (nmi) A (ft)
Altitude (ft) resto
TA RA TA RA TA RA RA
< 1000(AGL) 2 20 N/A 0.3 N/A 850 N/A N/A
1000—-2350 3 25 15 0.33 0.20 850 600 300
2350—5000 4 30 20 0.48 0.35 850 600 300
5000—10000 5 40 25 0.75 0.55 850 600 350
10000—-20000 6 45 30 1.00 0.80 850 600 400
20000—42000 7 48 35 1.30 1.10 850 700 600
>42000 7 48 35 1.30 1.10 1200 800 700
RAS g Sojew &3717F 5= 33 & 5 Sl= Resolutions sttt
Resolution®] AE7]&L TCASQ EA3 Ad1g|Ze E3 AAHET) ZZA A &
TEWSEE 7Y 7ES Ak 3 RAC didl 5% oy ¥h&-Eof s, &
= AA7F sla A g AlgG st 2.5% o2 HEg-dlof st}
=% 3|y £5E Positivedt NegativeZ F 7FAE YU¥ W, Positiverx A% =
S WHS st AS Welal, Negativers FAEE Adtsls WA HHoz 54
1% WSS AASEEE RACA HAE = Qe BE T e ne o
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¥ 3 RAY

==

o T

Upward Sense

Downward Sense

Required Required
RA Type
RA Vertical RA Vertical
Rate (fpm) Rate (fpm)
Possitive . —1500 to
. Climb 1500 to 2000 Descend
(Corrective) -2000
Possitive Crossing Crossing —1500 to
. ] 1500 to 2000
(Corrective) Climb Descend -2000
. Crossing Crossing
Possitive o o —1500 to
. Maintain 1500 to 4400 Maintain
(Corrective) _ —4400
Climb Descend
Possitive Maintain Maintain —1500 to
. ] 1500 to 4400
(Corrective) Climb Descend -4400
Negative Reduce .
. 0 Reduce Climb 0
(Corrective) Descent
*Negative Reduce !
) >—500 Reduce Climb <500
(Corrective) Descent
*Negative Reduce ]
. >—=1000 Reduce Climb <1000
(Corrective) Descent
*Negative Reduce ]
. >—=2000 Reduce Climb <2000
(Corrective) Descent
Negative Do Not .
. >0 Do Not Climb <0
(Preventive) Descend
. Do Not .
Negative Do Not Climb
. Descend >=500 <500
(Preventive) > 500 fpm
> 500 fpm
. Do Not .
Negative Do Not Climb
. Descend >—1000 <1000
(Preventive) > 1000 fpm
> 1000 fpm
. Do Not .
Negative Do Not Climb
. Descend >—2000 <2000
(Preventive) > 2000 fpm
> 2000 fpm
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L ) 3
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ownship Descend
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i

intruder

I3 14 Negative RA

e

intruder

CPA

13 15 Altitude Crossing 3%
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5 intruder

”~”
~
-~
//
3 /
Initial RA : y
i Reversed P/
y.__;_,_z: ~ RA '//
£ k: ~ s
ownship T
= ~ H
L T
T
CPA

19 17 Reversed RA
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3.2. DAIDALUS &1g8=

Detect And Avoid Alerting Logic for Unmanned System (DAIDALUS)+
NASACA st FA&dE7] T= 39 7les Aeshs AAgo|th o] AlARS A
Al 2] (Self-Separation) 9 T+ A1 daegFOoE FAGY FAFdE7]e 944 =
SALA S 14 & =+ A EekE [9]

DAIDALUS®IA Well Clear 99-& Well Clear Volume (WCV)°o =2 et o]
T 3719 A Az Ao MR dhdgnh ol gk MES TCAS 119 RA
ZA o] AE, o]i= DAIDALUSZF TCAS 119 34 H& 7bsshA wEth
[10]

Surveillance Data Sources:
- Ownship Position, Velocity - DAIDALUS Algorithms

Intruder Fosition, Velocity

Delection:
State Projections

Separation Standards:

Definition of Well Clear -
= Alerling criterion termine Pr i
Maneuver Guidance Bands

Configuration Parameters:
Ownship performance

limitations, &,g., max turm rate . Atilens
Relevanl wind field dala
|
h Vi e iy  nbaiirinsy
i I
| Visual Display Aural Indicators ;
] i
crew inlerface

7% 18 DAIDALUS ¢igl& 73
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1 t=1+T
- Constanl-Velocity

‘? - Projection Along
Ownship =t Lookahead Time, T

Intruder

73 19 Constant Velocity Aircraft Projection

1% 185 ®wl AAIFF 7] (Ownship) o $1x1¢9 4%, I 7] (Intruder) & 913
gt &xef dolH, Well Clear 2] 7|53 28 @719 A%t 7]&e] o¥ delHE
Tt DAIDALUS 2ag]Eol4 Ownship¥ Intruder:s 1H 19 AH 571 44
stthar 7h shell 2xkd) 3xk e WE RES o] &ato] o fIAE AL s o
BHAA AN TES AASL F= 39 782 Bandsi= TCAS RA 229 487 7]

= &8l FEI[10] o dueFo HFAQ A= Bandsd I¥VlEs EH

bﬁnshrp'l
A

Intruder

79 20 DAIDALUSS] Bands ¢4l
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DAIDALUS®| A9 Bands¥ Conflict Band®} Recovery Band® TAF o] Jon,
a2 209 Zth Ownship® Self—Separation Threshold (SST)2] & gro =z
Intruder”7} 29]& o= Preventive Bands® 337 Ownship& Conflict BandsZ

AALsHA "ok A& FE0] a7t HA & Jdo] =M Corrective Bands® ©HA|

=

7F dojzie, =3k WCVe 99 oto® 293tA =™ Well Clear ViolationWHAl =

]
Recovery Band7} 74 =& I8t 7l&S Al2sA

. -
== &5 79
---=> Track 2%
~==  pltitude E2

1% 21 DAIDALUS Band9 % 742 74

Bands+ 1T X (Altitude), 3% % (Vertical Speed Resolution), FH&%E
Speed Resolution), %97t (Track) ¢ 47F# Band Resolution®® JAET 1%

AE sha o] T Wel ¥ 5 9k

b

21,223 o] W Azbultt FE 2A AL
Yo 47hH £79 1% WA ATAY £@ WIS ATIUA A5 BFE @

G719 Adeel met v Fa719 Aol b RsE A4S WES AL

[e}

=
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— Altitude Resolution

34,500ft

525ft
33,975ft
476t I

33,499ft

r— Vertical Speed Resolution

600fpm

0 fpm -—%7

-600fpm

— Track Resolution
29479deg ¥ .4deg 29879deg
",“J‘Sdeg.]

%

289.79deg

— Ground Speed Resolution

374.10 knot

¥

: o knot
2241 om

1% 22 DAIDALUS ¢ Resolution ¢A]
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3.3. W& Al E o]l A (Fast—Time—Simulation)

W< AlE# ol (Fast Time Simulation, FTS)<2 EurocontrololA A 33}=
BADA (Base of Aircraft Data) & ©]83to] Foixl A2HE FF3e & &7 7
2 A 2EaE A Eo] itk [11]

Weight Weight
% 23 37 % Bd

% 239 #o] 7R FH AZ FoE ol 743
Y AR WA (@) vFAT £F
343t ek

Update Altitude & Distance:
Update Time: Update Standard Atmosphere(SA):
triy =t + AL 1 e Wil % i T from i,
n+1 = tn sy = dy + Ad nty Int1s PIH ntl
Update Lift & C;: =
| ——— . Update Weight: Update True Air Speed(TAS):
= [=»| Lcos(p,) = cos(y,
| =M 08 Wiy = Wy — tsfe- S - At Vyys from SA or CMD
| Co=L/pni1VinsS
| ¥
1 Update ¢, & Drag: Update Thrust: Update Flight path angle:
_ 2 Fmax for Climb
1 Cp = Cp, +Cp,Cf | Spsi=94 D for Cruise — Jnst =D
I D = ppiaV2,SE Smin for Descent Yne1= L cos(
| n+19CD n
| 2
1 Update Increments: Update Climb rate & Flight path rate:
Update . . .
! Status & Waypoint A=t b= Vs sinQrnes)
: dd=d b d = V41005(ns2)
e oo o oo o e o - - - 1
WP~ Ya + N Ay Gai [
ain . gtang
\T/ K b= T
| s =ty + PAL
Yn Yntr = Pn

Current Pos.

" 24 V) MR 2 AR F Y AA
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time aircraft4
B . aircraft2
= aircraft1
3 :
Jﬂ Trajectorys aircraft3
Trajecterys Trajectorys | ¢ o ®
Trajectorys
time aircraftl aircraft2 aircraft3 aircraft4
il dt | Trajectory | [ Trajectory | | Trajectory | | Trajectory |
Z  dt[Trajectory | [Trajectory | [Trajectory | [ Trajectory |
s [ Trajectory | | Trajectory | [ Trajectory | [ Trajectory |
| Trajectory | | Trajectory | | Trajectory | | Trajectory |® * ®
[ Trajectory | [ Trajectory | | Trajectory | | Trajectory |
[ Trajectory | | Trajectory | | Trajectory | [ Trajectory |
a9 25 WAE FeY] ww RE X I
WA 29 258 gol I mdlel T2 JelE WAL WA A 5 wd
A B FF7lel BT RE ANL FRT F e BTV ok TR T4

o]
ol glow, ARl StHUA i Gl ER SR FdH 3= e

= 7 Stk olddl BE FeU1Y ARt FdSHAl stEo] ARE whe w8 F3UIER

o
_O|L
32
v

A4 PYHES AT

O
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At T A4 & & 2k =)
W42 DAIDALUS ¢ueEs 33t T+ 39 7es

A& AT,

Update Altitude & Distance:

Update Time: Update Standard Atmosphere(SA):
Rpst = hy+ A —
bay1 =tp +AL ey = d,, + Ad Ppig, Tosa, Priﬂ from hpyy
Update Lift & C;:
P t | Update Weight: I Update True Air Speed(TAS):
= % Leos($n) = Wypicos(yy) € -
| N Wiy = W, —tsfc- Sy - At V41 from SA or CMD
| Cp=L/pns1VpysS
| ¥
1 Update ¢, & Drag: Update Thrust: Update Flight path angle:
Fmax for Climb
| Cp = Cp, +Cp, C} "l Spsi=3 D forCruise pp— S —D
! D = prsaV2, ,SCh Suuin for Descent Yre1 = L eos(n)
' v
|
| Update Increments: Update Climb rate & Flight path rate:
Update -« . - = 'l :
! Status & Waypoint |- A=Az < h=Vpy sin(¥ns1)
! T Ad=d-At d = Vs €05 (V1)
I
- e ]
WP~ e Gain | 2
. gtang
j/ K W= T
i b w l Yoer = Yo + V‘-JAt
N
Current Pos. 3 i §
] DAIDALUS Algorithms Resolutions
Surveillance Data Sources:
- Ownship Pesition, Velocity — ] { Altitude Resolution —
- Intruder Positien, Velocity Detection: i
\ State Projections ! ‘ Track Resolition I
& - L B § : : |
Seperation Standards: Dete e Processing [ Vertical Speed Resolution |
- Definition of Well Clear T Shetive dance Band ¥ - s I
- Alerting criterion [ Ground Speed Resolution |

a9 26 ATEE AH AE 2l

O

19 263 o] DAIDALUS &ig]Fo 2 AAre 39 Resolutions 1% 7]%, X
AT

A7 715, +4 HE )%, £9 S5 V150 44 £RE 7 4 on, e
%

f

O
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Y=

ownship intruder

<Vertical Speed Resolution= <Vertical Speed Resolution>

% 27 DAIDALUSY T+ 79% 39 7}+s 7l&

3l &7l

FAGs7lel el LoWwCrF ZA8sHAl vk DAIDALUS dale|s=

off

9 F= HYE Axleta, = HYE Blojyi= ResolutiondlA 71F WHE HAN}
o wj & AlEolAS Fsth 1% 7]ES 100ft HA o R, B 4S ldeg M4, &
e + 100fpm FA 2 AlE#HOAS AFdst] F&

rr
o
=
5
o
12
)
offl :lﬁ
¥
»
S
kit

= 3 Ak 3y Vles AEshs e AAS P v
c} X

CElE B M Se ge Agse 1B A

& 7ls B AlEHoIAS Fd 3y VlEe ALk sk Al ojd FEA
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o Fokd F A=Al daiME Fa o Fh

d FAFgF7= Hatel g8 dAxFOoRE njgo] JhsetH, o= vt 19 28¢)
Ao TEs 3V & 5 Qe VIse 94 2FAE Y eR st 2 AFoR
zotee Al T 2FAbl oEHO St ofel & w=EolA AAstE dadeEd
CPA A o]F & AHLE Zolet 7|les MFAEGINHS BF F

& It Aot " 7leS Addete] 39 Vlee & F RS S

ownship

@ Intruder waypoint
(@ Ownship waypoint
—= Ownship path
—> Intruder path

EEAHY

I

awnship

@ Intruder waypoint
@ Ownship waypeint
— Ownship path
— Intruder path

ownship

@ Intruder waypoint
@ Ownship waypoint
—= Ownship path
— Intruder path
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4.1. 715 F&H v£

ES FRel U@ wEe & A, B A, 54 F% T dh Y SE F
0

7hek Ahdsel whek WG dol AR Ak, A (W0

* Costrank = I/I/rank * E"ank

¢ w/r(mk =0.1

¢ F;"(m,k =k
0 if right turn
1 if left turn

. = 2 if increased wvertical speed
3 if reduced vertical speed
4 if slow doun
5 if speed wup

71% F7 BlEl dd AR, 07 B2 71EER7E A2 v s TS ES
2

AARstR o, o]= NASAo|A 713 GRACE Al A®S] v]£34-= wigir} [1

4.2. 71% AF A7t 8%
71% AT AZEE 71E0] AlZ AZMRE 7ol Y A A E ou|sttt. 7]E Al

R Azl 4% Wge Sl Ba, AR Aol 24 A4 7% Bk A

FAIZR] gk 7R (W) & 0.6 At

* Costhalding time Wl;t * F;lt

. W, =05

7‘énd - ];tart

A
:Z;ookahcad
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4.3. T 9% v &

FE 99 g Mg M Y FeE PR AHEZ TSRO,
WCSAA LoWC/ A8 7% an g & us Fystgon, tes 2
o,

* COStu es VI/;u(:s ¢ Evcs
¢ I/Vwcs =1
o F . En“mwcs o WCS, » w,

UMy = WOS7F BAsH= 314

0 if otherwise
1 if preventive
o WCS =42 if corrective
3 if warning
4 if lowc

. w, = WCS g AFEA

7

1 if otherwise
end T;f,a,rt lf lowe

WCSE okA] Well Cleard] 71&S 2ats ZoA HolFErh WCSel| fist 71%5x+=
LoWC7} 2 & uji= A FA|zro 2 A Ao}
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Ownship Track

Intruder Track

Divide And Conquer

Is layer of intruder adjacent No

to layer of ownship?
Yes

Calculate
Well Clear Score

Is the WCS more than 07 No
WS> 0?

Yes

Calculate Resolution

DAIDALUS

get 4 resolutions method

v
Fast Time Simulation

A

No

Is the resolution
globally conflict-free?

Other Resolution

es

Cost Function

v No

Is the cost function

is less than others?
Yes
A,

Select Best
Resolution

Y
Goto

Next Step

O™ 29 AA daugs sAME
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o1

3% 99 A%

7150l Foln. TR 3y VE Foll =0l Al wAsA oka, nl§ dErh b A

= %9 VEs AgsA d@u shARE, 3y V)Es wlE AlEdelds FA6ssEs o

o
2y

7V Al He AR O A EE AIARY o] VEeR T)E

o) z
2 ARy, FEo| dofiithd CPA ARMETH 52 1AM Hohv A4 Azg 3

5.1. Case 1: v} RE £3 AU e

Ownship?} Intruder= 3% 49 A|Ug] o] 4718 ARHOoRE FAH Qv 4
2H9 AFE A PR A%, A%, wmd S%, $A4oz F4H Yk ol
B788 $3719 ADS-BZ W& g g9 iiolrh At

goo ¥ AHEe 1Y 313 Lol shFEnwA 2Feh Auelede & 4 gtk

o AR AA 71F
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Latitude[deg]

y "#H 430

SRS %

1265

Longitudeldeg]

AlvE] e A4

1285

E 4 nFEE &3 AU
State | Direction N = ~ Waypoin
Latitude Longitude Altitude Track TAS
[deg] [degl] [ft] [deg] [knots]
Cruise West 36.62521 | 128.3375 33975 306 392
36.98726 | 127.6705 33975 296 376
37.38015 | 126.5976 33975 295 371
37.40588 | 125.8568 33975 270 349
State Direction Waypoint
Latitude Longitude Altitude Track TAS
[deg] [deg] [ft] [deg] [knots]
9Cruise East 37.40588 | 125.8568 33975 90 349
37.38015 | 126.5976 33975 115 371
36.98726 | 127.6705 33975 116 376
36.62521 | 128.3375 33975 126 392
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<Altitude Resolution>

w1t
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a
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s
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._"‘-u.‘ a5 o e
— o o T
L
<Ground Speed Resolution>
« g
'l

365 =1

<Track Resolution>

« 1
ay
a8 ',*—‘\\
» 4
S
T =
e ~ e LF. ]
u.*h‘“' - " an
. _'____.—-"' Fid
o 1%
M 125
Py .
<Vertical Speed Resolution>
Ll
*y
]
- R |
]
i3
WE Ty
P . | A
o . — L]
. e il
e el 1%
t L -]

a9 31 4714 39 71s
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B T e I
Intruder
3.46 o7 S AL
3.44
3.42
E
& 3.4
=]
=
Z 338
3.36
3347
Ownship
| Sim7|S Azt
50 85 60 65 70 75 80
Distance [nmi]
19 32 Altitude Resolution
37a3r
37.25
= Ownship
g 37.2 £ iy o
% Intruder =luziE Al
3 o7 E AT
= 3715
e
3T
37.05

126.8

1271 1272 1273 1274

Longitude [deg)

1269 127

1% 33 Track Resolution
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Latitude [deg]

rar 5
vasr
ar2r Intruder Ownship N
BI7|5 A|7H 2o Z|F AL
arasT

3TAr 1

3705

126.8 126.9 127 127.1 127.2 127.3 127.4 127.5
Longitude [deg]

1% 34 Ground Speed Resolution

«10%

36t i

RS
| Ownship

35T

L
B

L
w
-

Altitude [fi]

32r

31T

=TS A

45 50 55 60 65 70 75 B0 85
Distance [nmi]

1% 35 Vertical Speed Resolution
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0:4
g
f:
= 1

.1'5 X0 400 &0 BOO 10040 1200 1400

Toma Jsac]
<Altitude Resolution>

:
[
.'E-.’
£
= 1

b v &5 B0 BO0

Tiena [sag)

<Ground Speed Resolution>

1006 12080 1400

A

— Resolution

4 - Original
g
@
; 2
%
g 1

1

o X0 &0 a0 BOO 10040 1200 1400

Tina jsac]
=Track Resolution>

LS
g2
:
{7r]
i
2
3‘ 1

=}

1

[+ 200 &0 830 B0

Tina [pac|

<Vertical Speed Resolution>

1000 1200

14000

o] wE WCS

a9 327 I¥ 332 39 7eS ¥ 5, CPA AAeA 35 7sE § #AAolt)
18 34 47HA 71%e] WE WCSE Hwsdk Zojuh E #AZ oz Aysteivid, 3]0
IHZAH LoWC JHIE AT 39 75 Adwsta, 35 7|ss Ayst 43
WCSE 3last 43S & 4 Sk oyl 7% $% 7|53 A3EsS o, WCS7F a4
Hoth Tl AREE RS B 5tk o Wg $4E FA AEHA gES A7)
sheict.
¥ 5 Case 1 Alvg] 2o thst v g &<
Resolution Cost
Altitude 8.70976
Track 8.41112
Vertical Speed 8.61112
Ground Speed 8.56538e5
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L] T
Altitude Reislution
= = = Track Resolution

Well Clear Score

i i A i i i

0 200 400 600 800 1000 1200 1400
Time [sec]

a9 37 CPA AA 5% A & 7]s3st WCS

T T
Altitude Rewlution
| = = = Track Resclution
————— Vertical Speed Resolution

5
4

sevesess Ground Speed Resolution
i J g — e AP,
2

Well Clear Score

i A A i i 'l

0 200 400 600 800 1000 1200 1400
Time [sec]

a% 38 CPA A& 10x A 3]¥ 7|53 WCS

=1

CPAAFA £ AHem 35 7gs APegle u, FEo] 2AA ¥e A&
A = AT ool Fel F AAR TP A A He Ade 2 sl A
Al SRR CPA ARG 524 35 7les & 7lgv 102 A 35 7es o
& o, 29 37, 38 & B kel o] FEHFe] Aot A

o
=
CPAXI ol 713 erastaAl, & A5 /13 ke 7159 e & & Ark
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5.2. Case2: 9

7 9 23 AuEe

«10%
26,
2.55.
=
L 25
2
T 245
24 |
i7.5
128
Latitude [deq] 127.5
36 q27 Longitude [deg]
a9 39 A7 A = Ayl B AHF
E 69 3 &3 At
State Direction aypoint
Latitude Longitude Altitude Track TAS
Cruise West [deg] [deg] [ft] [deg] [knots]
36.35899 | 127.4211 25000 45 255
37.25893 | 129.0416 25000 45 255
State Direction Waypoint
Latitude Longitude Altitude Track TAS
Cruise East [deg] [deg] [ft] [deg] [knots]
36.12763 | 128.1057 25000 0 240
37.47199 | 128.0404 25000 0 240
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«10%

248

fa
o
2

Altitude [ft]

36.5

129
128.5

Latitude [deg] - 128

36
ik Longitude [deg]

I3 40 Altitude Resolution

Well Clear Score
M3
T

i) 200 400 600 BOO 1000 1200
time

1% 41 Altitude Resolution WCS
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«10%

Altitude [f]
M
n

[3S]

37.5

Latitude [deq]

Well Clear Score

128

127.5
127 Longitude [deg]

I3 42 Track Resolution

200 400 600 BOO 1000
time

I3 43 Track Resolution WCS
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=
=9

3

=

o 2.5
=]
=2
< 2

37.5

128.8
128.6
Latitude [deg] 1280 1284
Zra_ #°
1274 127.6 \
127.2 : Longitude [deg]

19 44 Ground Speed Resolution

Well Clear Score
(5]

o 200 400 600 800 1000
time

19 45 Ground Speed Resolution WCS
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< 10%

3 Y
E
& 25,
=
<

2.

375
36.5 129
: 128
Latitude [de
[deg] ” 1275 |
127 Longitude [deg]

1% 46 Vertical Speed Resolution

Well Clear Score
P
;

o 200 400 600 80O 1000
time

Z1¥ 47 Vertical Speed Resolution WCS
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¥ 7 Case 2 Alvpg] 2o thst v g g

Resolution Cost
Altitude 8.6223
Track 8.4250
Vertical Speed 8.6112
Ground Speed 8.6223
o] Aug] 2= Ownship# Intruder’} A& F&dln, A2 thrle s

2 A A sk
Resolution &
2 3E57Es 1Y

< 7% AT

of AlutE] el i
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