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2.2 U] AREE 2 A%

2.2.1 29 Fol7] A& 7= ¢ Aw

O %ol7|= AA FEAFe] AAS Fha 7hed AATFRES} I5E A7k saelgelo A 24d
1159 &&= $71e 1% (4 Teal Group, ‘14)

- AWt 6.1% sl FF 1093 F 1002 9109)Ee)e] e A o] | Aew g

O 20104 7|3 m]=e] Folyl= AA 879 41%S x]—x]s}7]0ﬂ ol2gl=d], 2005 o] H]
go] 5% 0m wx 53 g w2 7494 719 Fl7|E B4 (8 wo7SE 10,767
71)

World UAV Annual Production
Value Forecast

World Military UAV Budget Forecast
R&D and Procurement

2 2-3. MMA BEQ17| A =3 MY (=X : Teal Group '14)

O A AA FA337] AFe] AAELS wjd 6% = - 27Tl A ok 2500] & 2] FlEF7E )
W AgAbskar glem of 417H%°ﬂ A 80AFe] FAFETE & T

O Hi §17] A2 ml=roll ofef FrH oy 3 =7ked olagtd 5o A =7kE0l
M BA 24 ZHAlskaL oL 5 ofAof-v g F A Al AAEC] A Fobd Aow
o

O 171 71& Asxel e &85=7F S7bH L, A8k =3 teFaiAm, /Hdanizte] #s
Zhel whet APE=Re] Ayt 543 S7kE AoR AW (4 1 vl= CEA, 149 5% —
18 100%FH))

O % FAAx 207HA wl=oll Al 1vkdf o] el 418 F-Q1717F 828 Ao w i, vgkEof &8
Zw F& 371 A

O 7, Fol&at S IT 7I9HE 4% F7IE ol&dte] SAAES =el= SEEY 797t
Al TR Al Holeo A4 7S

O Z7] ¥V «8om 2 &8o] Hdo, Wt o £23lF, =7, 7%, 4, ¢ )
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O FAFAAEFHS|(AUVSDel| w2 F217] &8 foke =7 Hel 3
@, T4, '3 B xS0 2 5 3070 BokR R

O w=¢] FAAT small UAS| tiallAl Ht $40,000 ©]/d<] Higher-End A7 A+ $25,000 A %=

9] Lower-End A1 &o2 1}d Aoz o=2

20161358 537t Teal Group< Small UAS7F tieF 5425007 AE7b & Ao

O i 1l o
O Small UAS?] tjj<=ol EHfSL A HAFAR ATFE7E EA Ao we B EA)
0 AFAQ Tol WEol A AT FAHow Wol ol§F Aow By
O FRAZIANZ=HE Aol oA 7Hd A7 =& A<
O Small UASE AH(2%), 54t 2 F3(22%), 23H(15%), 5919%), 183 AFGHAAF
(4220) % Wol AH8E o= o=
sUAS Fleet

600,000 542,500 Top Five sUAS Markets

500,000 Real Estate/

400,000 352,000

300,000

—— 196,000

101,300 .
100,000
32,800 i
.
2016 2017 2018 2019 2020

= Higher end UAS| 1,300 6,300 16,000 32,000 52,000
mLowerend UAS | 31,500 95,000 180,000 | 320,000 | 490,500
= Total Fleet 32,800 101,300 | 196,000 | 352,000 | 542,500

222 =y FA7l ANF =2 2 AW

O U W) AFS UG T3URE Aol FAHG 159 AE0R 43 Yol

Rl =]
201 o] Fol= 59 = o] AEE AT AR AT (A4 1 A4, 149 AR)

WA AR S A
- 2237k ¢F 1,000 tHe] 8 dAF
- #A For] 8L 7670 162F 0|, 21T e RF o2 A 2%E AH T

2) FAA Aerospace Forecast (Fiscal Years 2016-2036), pp.30-33.
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2] DO-178B Level A 2152718 53 2AA7F SGA A2 Qplus-AIRE 7fitelar Sh=ra-8-9-
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A ohd, A 0B WE A4, 29 2§35, 98 B9, $49 ¥ 4
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7 * NV Wind Turbine _m_ Agriculture _‘jﬁ Gas Flare

i Inspection . 5 . Inspection
Insurance Claim pecti First Aid Security pecti

Validation
”'jzﬁ* 20 Commercial m
b i i SR Drone Use Cases Wi

Organ Transplant
Delivery

Railway Safety Reforestation

—Tﬁ— Construction Site Pipeline Leak

Management Detection
Shipping Emission

Monitoring _ I _ I I

Cargo Delivery Cinematography Journalism

Discover the leading drone innovators: https://www.ventureradar.com/ (@ VeniureRadar

Flash Flood
Warning
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Preventing
Shark Attacks
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Search and
Rescue

O 71& M Al 79715 ddo s geitole] 284S Frstua s g Alert 7-3
FHow 1 F

- A/AE AEom AEHAY AT FQ FAR| A A8 MR EAekA] o, 7]E £
Hl Aol JF-EAT =0l F3 AF-AHlE @Aste] Ab&stal slow, 4| Fel7loA o
@ A AFA7| o]27|7kA] thgeE FEe] S8ets B T

- 29 Fel7]19 A$- =Y Microdronesiik 2] MD Seriest 9=, 5, 29l 59 337342
2R Sl tefstA &8 T

- A8 A (UNEP : United Nation Environment Program)2 AHAME, &7, SRS 59 A
WA o] s 7)o otsta A EHy] 918 Eco-drone ZEIHS Fa 1249, 31 Y
7] & v dHe] =Ee 248

- e AT N Zrage] dgow FRIVIE o]&3 A da A5 F F5E 9%
RECONASS, DARIUS, ICARUS 59 Zza3& 8 &

233 Ak F27| nEas Z=HE FF
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oA e b HgA LS A% dzert fl=
- NASA UTM # 4 A}F Parimal Kopardekar(PK)&= UTMS W48 =&9] Aak 39 obd 8-S
fate], Akl kA oS 23S arelste] A= 2
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£ AT A ARE ZFAIA Al sk Alawolehar Ao
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- UTMe] =8 A9 7%
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do
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O 2878 7190 Rt 370 Aol NASA¢ke] UTM &5+
2.874)

- Aerospace Technologies, Inc., Airware*, Amazon, Analytical Graphics, Inc., Avision, Inc.,
Board of Regents of the Nevada System of Higher Education on behalf of the Desert Research
Institute,  DroneDeploy, Exelis, Google, Inc.*, Gryphon Sensors, Higher Ground, LLC,
Lockheed Martin Corporation - Information Systems and Global Solutions, Lone Star UAS
Center of Excellence & Innovation at Texas A&M University— Corpus Christi*, ne3rd, LLCx,
Neurala, Inc., Precision Hawk*, Simulyze, SkySpecs, Inc.*, SkyWard IO, Inc., SmartCNPC,
Inc.,, United States Department of the Interior, Office of Aviation Services, UAV
Collaborative*, University of Cincinnati, University of Nevada, Reno*, Unmanned Experts¥,
United States Geological Survey, Verizon, Virginia Tech

- NASA¢ €9 W 7|¢ @ I EQIRAF 5 I /7| 3= (543 4teh

O @7/%7] Hx A4S B3 UTM Al=dl +=
- WS R(FEFF 5 ol ¢ AuE F17] ¢kd £33 A 7HA 3}
- A7 EF(EFF 107159 o) : AuE LY F7] obd &3 A nk3)
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H 2-6. NASA UTM CHAEH Al A=, *TCL: Technology Capability Level

2d A= THA| F8 Ue
2014 ARG | 75 47 9 RS AR CfE x| 2
D15 oy | B 2% W ANZAE 93 2R 28, IR0
- 39S ojofetn 2 Al B
o7 MU KoM HITIAHE 28, B2l 28 v
16 10 | 27 MBS NSOl U 28, 3 g oY
Sk X DS 7
18 1 s | 2T BLUE KoM RR0V| 28 oHY 2EE Y
- HYT/HEHY 207 =X Il
o1 e | 9T DU X0IM 2E HH, el I iR s e
| B TN S ARE A% 28

O NASA odz=dATAE7E AR, A, 8] @Ay Fefsk UTM 2015 AWl 74
(15728715730, @ NASA Ames Research Center)

O UTM 2016 AWML v]= 78 F9o] Algb2=o A 20161 119 8YUF-H 3YU1t /MH = Ao 700
olrgo] 4

O 78 5= UAS Traffic Management(UTM) ¢} 771 9fa] Alehtel 22928 ol 50
nple] nglERE whEw oo wE AUtHRE 3HT delE FAE dF

B

NOTIONAL SCENARIO

Agricultural Application

Rail Surveillance ‘ e B

Low Altitude Radar

i PORTABLE | Pictures UAV Following
~ SYSTEM Foe=

gl 2-6. NASA UTM 7iE AlLtZ| 2

O Amazon : 428 F
~ olmfEL 23 Tl (sUAV)o| EWE] AZFsla gor, A% (200 ~ 500 feet) F17] &8
A% =zt (A= A9 arxd 8 23 3 AY

200 feet : “HFA A A& EFH” (Low-Speed Localized Traffic) GO 2A =4 E32o] ofd

ro
N
o
ol
s

L




(non-transit) 7FAl/&Z3/FAF 5o H40 = AR, vl A 7HAsh (less—equipped vehicles: 7+
#/3]13] 715 0] AFA) FA717F &H ™, 5AAS QITFEZAS F) A= AFgo] Agkd

2~ olo
TooaT™

vl
e 200 ~ 400 feet : “31%: 4" (High-Speed Transit) o224 v B4 o] ol (non—transit)
AR/ B/ A T BAom AREE. v AR]E 2 2 (well-equipped vehicles) %171
7F #EE 57 B e o 284
* 400 ~ 500 feet : “B]8) T2 (No-fly) FGo2A] HIAE ALstal &8§& T4
o 71E} : “FAE AE A 9” (Predefined Low Risk Locations) 99 0.2 APdo] 119} ]
of g Agte] g

Airspace Design for Small Drone Operations

Integrated Airspace

500ft/152m
Predefined
Low Risk

Location ngh‘vSpeed

400ft/122m

a8 2-7. Amazone| & £017| 2&= flet 9 2AI(eh

O Google : Project Wing
- Q17 EHAY (Class G &)olA] Al&gk 3] 7hsgh 7217] w'gde] Al 2~Hl 7H‘?EL
- sk B4 L2 EF(Cellular, ADS-B, 802.11p )& &-83F ¢ (F2U7]-F217
FRA7I-AAEA) Al=F 5
* ASP(Airspace Service Provider)= UAS E&¥ F&/A18 48] (cellular network &-&)
» UAVE ¢l EdE Alo] ¥ F= 39 (ADS-B ‘in’ on UAS €-§)
« 2A% UAV-to-UAV %% 39 (ADS-B like A]28] 2Hg)
- Google ASP= 2 (3541) e & (mghal) FRl( L gl X])/f-1(AA) Ejd Jr dlo]H & UAS
of AlFstil, ol Fste] F= v FEETA)IL AgH
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72l 2-8. Google ASP 20|7| mEz2| A|AH [O|E BZ 0

O UC Berkeley : Air Parcel Model
- Class G &9l thgt &3+ -8 R E(Air parcel model) A<t
- Ao FEAt (BE/EA ) 2mTA (A, 7HS S)7F il el £ (Class Q)& &frshal
Air parcel = Afate] ojatel] wet AR A AG S5 AT F 3l Ao w
AASF] F32 2l Air parcel mape TEHE F d&
- Air parcel UTM] Al 7}4] #4240 +F AAF 3 3 (Electronic license plate), 74 = ¢hj] A]2~#l
(traffic routing system), A7 2" x| (ground identification device)
- A2} HEF (Electronic license plate)
* LED array : 459 AZA4A] Mzdo g 54 Ay Af2E ey, A AlA=e =%
< &3l identity (&) B FI7HER A 75
* Position logger : §<%17]19] o5 A= A%
* Transponder : UHF @3 418 Fa 45 AW (2=, 94 &) AF
- A& okl A]2=" (TRS : traffic routing system)
o HAAZ gt S T3 5, T= fle AHY (H8 A 559) FEE 7l 24
G| Fol wel v A RZ, A7E o] e 4 e

ES
A71= Bl T TRS oF A&54%] S4lS ahA= &L, v S5 5 13 JHE TRSO 97

- A4 2148 A3 (ground identification device)

o 27 e A Thlel PG GYAe SneE (Fe] AAs BEE) o] BR
- o] ANE WO WY TS PAST B4 T BET £ A
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T2l 2-9. UC BerkeleyQ| £Q17| H|s T2 A N2 =

[] v]= NASAC] UTM A& - TCL1
O NASAT FAASF 19, &AwA] teA] 5 vgge 944 s HelA UTMY Ald3 -85 533517]
sk x &2 FH2-A (MOA : Memorandum of Agreement)S A A3} 1L, 242 HeE
Hol s &8o] Hadh Alote] tisrdi= FAA 5915784 (COA : Certificates of Waiver or
Authorization) & 2%
O ‘15 8¢ Ao} Modesto &2 L8] H 8ol A w4, &, A3 AMu =8 918 19
Alg TCL1E AA
- Al vlsgell A =o] 100fte] 717 BFY, &% A=, ADS-B A TAIA9F v AE HAE
I HelH & Q.*‘—:TOV] g doly 5 AldAH|
e Zloly, AE 2%, ADS-B ¥ GPSE AHES

AHY, AL, AAAMe FRHoR FAslon, 5ot FA71e] vd Ag w54 A

o

% fa

182 AHgSt] Z] e, uh B 71 2 e AE RAF
1 o

#]*], MIT Lincoln Lab.¥} &&s2o 2 7fetst A% 7]%

Lu

g 12

= A4S Hrlsly] Ys) vlolazE
ZHAS T 27N = 117 7|2
WAEY (GPS 1%, &5 2

o]
E ] %
ADS-B A= 2 W= Al A A7) AZ S o] 83k 7)A 34, doly AlAEs A}%

lo

=

o2

iQrL
_&

r_OlE 0"" ENI _]1‘

7

_—

o o] 713 : Precision Hawk, Raleigh, North Carolina; Verizon, Bedminster, New Jersey;
Gryphon Sensors, Syracuse, New York; Airware, San Francisco; University of
Nevada-Reno/Flirty, Reno, Nevada; SkySpecs, Ann Arbor, Michigan; ne3rd, Navarre, Florida;
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Harris/Exelis, San Francisco; Unmanned Experts, Denver; San Jose State University; and
Lone Star UAS Center, Corpus Christi, Texas

- 8YUZE 1071¢] 7155 AH&ste] 1083 HlalS AAstgl o, HlaIAZhe et 115, 7 38

- dojd, AEe A%, ADS-B B GPSE ol&ste] Hld ZElE RU¥ st Hg7|7F Bagh 9
28] AR AYgE AAANS FHEHoR 4

- NASAZF AAIgE A2 F2 najdiAge] s7F 2 $<loll 245 72913, Harris, Lockheed,
PrecisionHawk ¢} Verizon & 719 TFEUYE AAIZE F40f gk Al

o BdFo] HPgA 3} 91XE UTM Al=dlol f=atdd 3
gto] vl Algle] 1 o FE AAstaL, vgo] A HH UTM A|7dA] o] 2o

- AlE 713 Eet, UTM2 AA vldg7] 9k 7Hde] vjdg7]1E <l

7o) ARE e

= ng] 443 geo—fence ol At B &slE = 3191, UTM &84+ UTMY A

kel Ao tlolHE ATdEclA AE

W2 NASATE 28] 34 UTMS AA 2 xHst7] 98 7hol=aiela wsiAS =

, TCL2 Ag oo TCL1 UTM w7} 7}

o

r% ng
S 3

U
.
l_—‘—

¢}

)

|
>,
=

2

o,
ol

}_

2
w

olf
ot
S,
o
u
(e
L

O TCL1 #F A2 Moffett Field Al @& €9= '1511.18. 53311, '161d & FAAZ} A4 4

oAM 714 o= S, A FEl, v AFSEAE 5 FRA AT B A S 3T Aol o]

g HgoR Y BE A% LAY 24 o4

O "= PrecisionHawkA}e] tyx]E && alEAo] A|~¥ LATAS

- PrecisionHawkA}=



& F AR RokE st e 714
- LATASE &A% =&o] 91|, =, W3k gl £25 Ao Balshd Abgom FHEE)
HPAE IS & d=s 4 oz ‘159 1Qo] 7l#ste]
NASA UTM TCL1 Algol% AH&-H
o TEL uxvult} 40719 SMS €~E WAIX|E Verizone] 4GLTE Wow #AEshH, vl
LTE ®ollA FAIg 2S5 o] &d AASZFo=E GPS 94 AgLeE /MAdshs 7k A8
« LTE %ol AMstA Foh Aol A Iridium 914051502 Aaste] A5 s 4

oL

T
il
of
r >
2L
X
O
o
T
(2
o
_O|L
rlr
l

o Fo7I9be] FE AL Aadely] S8 ADS-BE ARE 422
- LATAS®] geofence A4 % AW 75

- 54 3, AR /1% 5 F9lel wg WA o)F F MARA Fule] $4 44, Fo 42

- LATAS®S] 7V & SAE 2 vdA7F 22 7|eS ARgslof Al s 93 4 e A
o 71%S 7] Y3) PrecisionHawk LATAS %4bol] 2= 7F4 L AGH S @ W &y o]y
¥ ADS-BE 236t 2 d 27t € Ao= o4

[] "= NASA®] UTM #1& - TCL2 (2016.10.22. - 10.23)
O TCL 2 RlgAdoll= va3t 22 4709 Al o7t *23H4
- Forest
— Ocean
- High wind
- Earthquake
O H& F92 A AREARl o8l A ¥= “Planned Area’st UTM Alzdlol]l osf A% =
“Protected Area”® -5t oM, b3 22 A2 RO s HoFH
- Orange color : not confirmed &<
- Lightblue color : confirmed &%
- Agenda color : activated &9
O utivh A v vz o MAH Buffer Areats 34 59 7| 4Z7Ad0 wa WA Rt A
8t

O oyl UTM TCL 2 H]&gA A= A= b& UASE 2l = 3719 EE £33 37 H~E
e 1]

IF o2 o] HlgAIES Aast TCL 1 th] ta3F 22 Q28 H|gPArgo] =23
- BLOS Flight Test : o] 5o 25 °F 1.6 kme] H7IAA G 97FA] 7 25 (way point) 7|7}
o] H| YAl

— Transition Flight Test @ 7 7l¢] A& Th& J9S 7F=EA & v AF

- Altitude Separation Flight Test : 5 {3t Hls)3d S oA HPuEE G FozH TS oW
sk H| A S

O Th&2 NASA AOL Wi 349 338 Ocean AU 25 UERA F o= vlgA| o] v ths
S7HA 2 Aol

- GCS1%-H GCSH7HAl sAloll 5A 5ol A H| A §
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Objectives

F% 3% YA Y
AA A 75 A

Ocean Alye] Q9] nlPAY A= v 2=
GCS 5914 A8 el vled®l RC(Research Center) 2 “&l7d 3 2.7 (water rescue needed)
HA X AE (3 1A loope] HHHY% H|&Y)
GCS 3= RCEHE o]F A “A|Bdo)Ad a4 F+%2 4 (simulated water rescue needed)” ™)
AAL G4l
GCS 4= UTMel vl A & (flight plan) 2 W] 3-F7Hflight volume)ol gt AR vA|&E - 77
% & (Warning Region) 274
GCS 59} GCS 3= UTMOo. 255 “clto] AAGd Y 4% (warning region in proximity)” WA A|
T4l
GCS 19°] 1st loop B ¥ o]gh(H o & FA S UTM-2 GCS 201 A “Qlel &3 v &9
(rogue operation in proximity)” WA A A&
GCS 57} Al Edoldd Ja &43 Y35 H(simulated lost link and aborts)< UTMel X1
UTMLS GCS 3o Al “ele] v]35#] A (aborting operation in proximity)”2 <% (2nd loop
s %)
GCS 32 F+ HA ¥|gAE A= - UTMS FA 99 (warning region)o 4 2] o] 55 27| 93]
“REJECTED” 24 (GCS 5 &5 Fof GCS 47} A& vl&d Fo]7] wii)

< Lost Hiker AUg] 224 HIPA P HE+= th 7HAZ Bod
SAIA A A v PA Y
27430l A ¢ 2] EVLOS H| A3
T% 1% HPAIY

H TS 7l A9

Launch Order

5 simultaneous operations + GCS 1(3007/91m)

2 simultaneous EVLOS + GCS 3 (500/152m)

operations = GCS 5(3007/91m)
+ Altitude stratification + GCS 2 (2007/61m)
+ Abort functionality + GCS 4 (100/31m)

Critical Events

GCS1 \ S logged in as special user (after 2 min hover & lost hiker
message)

+ GCS 3 receives UTM system message "first responder in

proximity..." and aborts (after GCS 1's 2min hover & lost

GCs2

area..." (once all GCS have launched)

All GCSs receive message from RC “simulated lost hiker in
area.." (once all GCS have launched)

GCS5 ) |« GCS 1 submits second plan with special permission

Yl 5 + GCS 1 submits all plans while logged in as special user
- + GCS 3 sends message to RC "reporting a lost hiker in

hiker message)
GCS 5 submits second plan — REJECTED for special

permission operation, does not launch (after landing plan
1, while GCS 1 is still flying)

GCS3
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99 SESAR Z 2 A E 9} Metropolis Z=2 A E

O ECi= ERSG (European RPAS Steering Group) =% ‘13 69 =29 fH39 W9 YL
A3 R&D =S sl on, 7w/ W8 o= Ao F4l7s A R v S=

319 7w, A FellE BA/3Y Vs 7Y BS5 Vs S

[}
O i1 SF=] o
o Xt U+

2013 l 2014

‘_D‘_‘-‘C_ @3 od | g

2015 i 2016 [ 2017 [ 2018 [ 2019 i

‘o @ Uﬂ_l__DY 02 o3 ot @ o @ uulq\ oz o3 D-I|CI] o2 o3 o |ov gr o1 oa |

1
EED
i
T

Activity¥] - EVLOSVLOS
RPAS  activilies awareness for security Small effort (c10mE §
Activity#? - EVLOS/AVLOS Og'm i v Medium effort no.sorre
Operations in urban areas =5 - Modea s Prot sty e
T - Large effort (=50 Frz )
Activity§3 - EVLOS | CONOPS st i i
Human Factors. | 0# et e _00"“”"""""" ‘. Initiation phase
Activity#4 - IFRVFR tn |
Visual detectability solutionsand | &
detectability of the RPA by sensors Yolditg: E"'“'
Activity#s - IFRAVFR | - . - Vo Errim
Detectand Avoid |
Activity#e - BVLOS NTERDE .
Diteitand Aveid o= =L G ainion o Froseyems Gﬂn.whmn

Activity#7 - IFRVFR
Comms 2 datalink

Valtaticn Exrcae

lEI

Activity#8 - BVLOS ? .
Comms C2 datalink Q{IEW G it o Pt Qu...m.x Erorin

Activity#9  — IFR/VFR
Airspace Access and Airport Validation Exereine
Operations

Activity# 10 - BVLDS

Airspace Access and Airport oh_i P 0“ evlm -
Operations

Activity#11 — IFRIVFR | TR
Contingency _“ X

Activity812 - IFR/VFR &BVLOS

oz P et

Human Factors
Activity#13 L' |
Seaurity i Demomaessns O_v.mw Exarcian

Activity 14
Demonstrations of best practices

FHE Aol R&D 2SS A33 7] 98] Eurocontrols T4 2.2 SESAR (Single European

SKY ATM Research) Z2AEZ 78 T

- SESAR Z2AEE 9 A 395 7|&4, ZAA, HAA #HdA 9d 902

AL B3 2 08374 A2l &4 (Definition phase), ‘143 7}A] 72 (Developmen t)
atar ‘253744 = (Deployment) ©AIE 213 F<

g2 ASTREA (Autonomous Systems Technology Related Airborne Evaluation &
Assessment) ZZAEE EgA] 3 F9 YloA] FEdE7|S EWE AoF 27 glo] &85}

[¢)
A ) A =
A= 7)—\]___ E;LE _l_X]

99 Metropohs TRAE
o2 28 #217] (PAV) / F217] (UAV)7F B4 8S vjgst sloz o=
Z}zoll A 4] (City Center, Inner Ring, Outer Ring %) ®] 3 Alug] o A4
O

o A7l AR EYY 2

7 €9 [(R)esidential-(C)ommercial, C-R, C-C, R-R]

im
i)
Bz
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[]
O

-3 px W Y A e

» Full mix : 5 A7} p2d, 2o 4 A9 glo] AT 3942 3
= S8l Aol e el WE HA BRE v FE3]9] 73

e Layers : Z} dlojo] ¥ F8& E&lo] H|3) Wefo] tlE2r & It

ojo] ¥
=olal v A AEEE AT <b

2l 2-12. Metropolis 29 X (ZI2EE Full-Mix, Layers, Zones, Tubes)

OSL'
A

4 58

AS Qs ¥ 2 o
A4 (proximity), (c 5
(capacity), 53 %= J 5

e 37 WE®Z : Third party risk (/\}l' ), A /\}J‘l o]z ¥ (pollution) 5

<=7 UAS—-Cloud

SOl = SeR-E 7R AAIZE UAS #e], 72 A1 Z="1(UAS-Cloud) # -

=
o2
1
Kl
)
AN

35 AT oRA WA AfES

UAS-Cloud= UAS”} electric fence W%i Hlaje o <o) WASIEE & Electric

fence: dynamic database management system< ©]-&3to] 2]t

Zwe wQv)E B 9 $8d wel 7)) shel el ol weleln

e Category ' 15 kg ©]sle] UAS
e Category II: 1%Z5% 15 kg ~ 4 kg, vldZFZEF 15kg ~ 7 kg
e Category III: AZF% 4 kg ~ 15 kg, H|3ZE5TH 7 ke ~ 25 kg
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T2 25 kg T 150 kg

=
o

 Category IV: 71zx5%F 15 kg ~ 116 kg, 1]}
e Category V: Plant protection UAS -

3

&A1 4600 m3e] =7] o]

by
o

e Category VI. Unmanned Airship -

Category I and II UAS

-
1

5

 Category VII: 1007 ©]/¢<] BVLOS H| s}

I AZ o2 widd L (960 ~ 1,164 MHz) 3}

£ 93

2171

sl

el

C t4(5,030 ~ 5091 MHz) 355

oH
;.OO

o

M

ol

o

il

ar

&

otz

I HEAS

]

<
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N
r

B

o

ofpy

o

2|
]

Al el A e A7}

o o
» A RTCA-228 CNPC

)

N

o

—

0
RS
L

;OE
B
O

Ho

=<

it

27|

O o5

A7l D2D enhancement

Bk
=

ol&

@

32 9=t (Rel12)

kil
=2

Al
(Rel.13)

- W3k 20161 A} 3GPP

20143 D2D &

.
R

- 3GPP

o
A H

o] F A

1
-

FRA o, 2016% B7HA] A H]

2015 74A4] A Al

S
=

FAG AALY

s

=7

g ANAE S A9

- 2015% AlRIEA A

O 3HH, ol A

}22, LTE GCSE,

935

14 3GPP Rel.12 PS-LTEE A

S

R X

= °lF

<

A]
- 20161 A ol A= 3GPP Rel.13 PS-LTES #¢

E
—=

M A4

ki3

D2DE o] &

Fa2 MCPTT, D2D 1:1, D2D relay, @571

S

]

o

A=EGRE(OPS) 55 F7t= Add A9
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o U

—~

O LTE Release 12 (2011.06 ~2015.03)
= D2D baseline
= Group communication (GCSE)

O LTE Release 13 (2012.09 ~2014.03)
= D2D enhancement
= MCPTT (Mission Critical PTT)

[0 LTE Release 14 (2014.09 - 2017.06)

= D2D further enhancement

V2X (SI
£ £33 £ ED ED
x@ Rel.12 Rel.13 Rel.14 Rel.15

e %) ©l4)
% D2D ® Enhanced D2D § Massive MIMO ~ ® UDN: Low Latency
®  Dual Connectivity ® FD-MIMO ® V2X ® Massive Connectivity
® Low cost MTC ® LTE-LAA % U2|o|En}

2l 2-13. LTE Release A=l

0 D2D in Release 12 and 13

Release 12 | In LTE Coverage | Out of LTE Release 13 | In LTE Coverage | Out of LTE
Coverage Coverage

Discovery  P$ Not supported Discovery PS only
Non-P$ Non PS

Direct PS only PS only Direct PS only PS only

Comm. (8C) - Comm. (GC, PTT, Relay) -

Rel-12 D2D Rel-13 eD2D (enhanced D2D)

= Discovery = Discovery

|
- AU MH| A BS : - BEOFE/IYHEA B & No eNB Control
|

AU TR ErAY A STzt EA
= Communication = Communication
- BRI/ HBA BE s BIAT/A B B iq—ba
— ALY RAS W EHREZE X WAL — UE-to-Network Relay 7|4
— Group priority X| #1 48 9 etz Ty

— Push-To-Talk 2 M X| &

eNB Control E No eNB Control Y H T M
¥s : { >
S H
- '
- 55 i / ISZ i J
AL — I H _

ﬂ'—’ﬂ . E—E B~ _  g—&

AL CrZE et o mA A etz s w@ao| 71 H Direct PTT 7|5

8l 2-14. 3GPP Rel. 12, 130{A{2| D2D 7|&

AT R 7= ) FRANFFA F9] 7]

TR AR TR ARE wet HdsHAl vidsky] flsiM e Felnl AR o] AR
=9 71eol 28

AARE 59 V1SS =R AR FRIIA AR B Abwe] fIAE AAREe R AAshs loR A
9 A+

“AAIZE (Real-time)"ol2h= oJv]i= Abg Hi= AbEo] 9IRS shofstar F71H 02 914 YRS
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At A 9

O Auje] 59 7Ied ddd =4 B3k &¢Al

- OMA (Open Mobile Alliance) LOC WG

- OGC (Open GIS Consortium)

- ISO TCNPCO4 (ITS)

- ISO TCNPC11 (GIS)

O AUe] 59 7lsdd d89 s 253 9A

- TTA-PG305 LBS ZZAE T1&

- KAIT (3t=AHZ21494 3])-LBS Community LBS #3} ¥

~ TTA Telematices Z2ZAE 13

- TTA ITS Z2AE I&F

O A= ol&st= A9 91 7= (GPS)

- GPSe= A=Al wixE 2478 A&7 Al A 1eAS FASkE WA=, 1ea
GPS F210] 7bsdk GPS 972 74 €

- AJFYAEL 60% HA 0= 67 AEA N Z1Z; 4702 vl %] E of
2E AHolA sAlel 57elA 8] A AleE FAE

- GPS¢} & 1A 7INke] 59 7l AA oAUy AREE & dvks Aol JAIRE A
7] eF8hA Q1 101] webA] 59 o] 9
uug ]_L—C

- GPS A5+
SollA= 9

3%, &
= W2 -130dBme) veFek AE e AshedA o] EAste] B, AE A, 1% ]
4 sfete] ojel s

17 2-15. 94 7l =2

O DGPSE GPSe] 2448 1t} Aua A o) %9 71%@1 e —éw 7% 9
s} GPS 14 omyY 549 :
S5 Z97k Fed A%
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H 2-7.

ICAO7} Holst MH|A i

o
MH| & TH dgr | I FEo oz | Vime-To-Alert &M 2
2 (95%) ©@% | T=° (TTA) e AR
. 1-1x10%h to 0.99 to
_ _ -7
En-route 37 km (20 NM) N/A 1-1x107/ 5 min 1-1x 108h 0.99999
En-route 7 1-1x10%h to 0.99 to
Terminal 0.74 km (0.4 NM) N/A 1-1x107/ 15 s 1-1x 108h 0.99999
NPA T 1 - Ix104h to 0.99 to
Departure | 220 M V2010 N/A L -b0h 10's 1-10%h | 0.99999
1-2x107 .
20 m (66 1-8x106 in 0.99 to
APV-I 16 m (52 ft) ft) per 10 s any 15 s 0.99999
approach
- 2x 107 1-8x105in | 099 to
APV-II 16 m (52 ft) 8 m (26 ft) per 6 s any 15 s 0.99999
approach
6.0 m to 1-2x107 .
_ 6
CAT-I 6m@E2f) | 40 m (20 per 6s L arf Xllg " 8'99999;‘;
ft to 13 ft) | approach y ’
O =& A= 7]¥F DGPS (GBAS) 7% 53

- A= 1990 o

A S H%9 GBAS Cat-1 A28 07 0%
AF 9L E o]-&38to] GBAS Cat-1I/IIT A ~€S 7t

R EEE
A

(o

fe1g
=

o

Hsko &

FKIX) el

°
O

rr

hzr
5
ol ]

[ ol

l‘

N

]

0%
2
¢

\
o

(o] Ke)

=
!

=42

o=

}\

ax

==
_r
=

- & ENRI&= NECAS} 8522 GBAS Cat-1 AlAl#<S 7E

[e]
vA

pS| x]

A

o gy]AoE GPS AL the
o 7)Ao &2 dual frequency (L1, L5)7F 783 Ao drgo]= &=
28 Agow vt

| A2l st=9o] kel te3tE
AsA (Airservices Australia)”} Qantas®} & = s}ho]

] AENAT SESAR ZZ18of zhofsto] GBAS Cat-1 +9=
HAQ F9/Md/4x 2 Cat-I/IT £9< 91 87321
2 HoneywellAF2] GBAS Cat-1 Prototype A]2=¥191 SL.S-3000
J5le] HPAES £33 e AHE-E

X
o} ENAVE &g~

1 EFA 2
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HAS F3 #dE
(Thales) AFe] GBAS A1 A58 Zd 22 (Palermo)©l|

ARl AEAY

13k kA, GBAS 71%E

o= M

o

=
oo

s B2

9l (Bremen) &

87147 3%

SHHEE GBAS 7] 7ol deste] 20099 9¥€ HoneywellAFe] SLS-4000

sto] 2010 11 QAL ZHAol &
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GBAS Monitoring

Station — GP20 H

GBAS Reference

Station
(Thales AS-615)

N\

(Thales AS-670)

GBAS Monitoring
Station — GP25
(Thales AS-670)

2l 2-16. Palermo &% GBAS ZH| HiX| &=

- B} 9] DECEAE g dAtvo] 2 =rA]3-de] HoneywellAl SLS-4000 A& +£H|3}aL Qo
& FAT(Factory Acceptance Test)7} &+5% A3}

e 2011 4] H-800XPe} EMB-110S ©]-83sto] A v|PA| S 53
U 2= 7|9k DGPS (GBAS) 712 53

- ARk =S 9 daR AN ke d s s 59 Auls Ales fE T (HA)
o} 7]== (RS : Reference Station) 17714, A= (IM : Integrity Monitoring Station) 177]4&&
75 R Gstal oH, iEm B AT 91Xl =7 VISR o R AR EHAL S

- TYAHEA (DGPS Central Office) @ 1714

« Ao DGPS 715 (RS)F A= (IM)9] 2B EE AAZE A B Alojstar o] §43-&
AAZE BUH st EA4 8k o] &R oAl BERMAAE BEehe 9T 73

— 71 (Reference Station) : 17714

o oju] &1 gl A YA|oA GPS YAANZTE FA F A At g Qe AgE v
st 1 92 kS A ¥ X9 (RTCM SC-104)9 what T3k (2835 ~ 325kHz)= 53l

AREAF Al AAIZFo. 2 W
- 7FA1=+ (Integrity Monitoring Station) :

A2~

1770 &

o Ve o Ry AR AT Bl A AN Ve

S7F AR =

oAy fAS o) Al ARHAAE T A4l
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7IE(HAIR) Fits(kHz) 29 jag

ofF=(E &) 295 1999, 8, 23
o= &) 313 1999, 8, 23
Of2HE(7HA ) 290 2000, 6, 17
2L %) 295 2000, 6, 17
g E(aglz) 300 2000, 6, 17
H2E(Mo|Z) 287 2000, 6, 17
S0FE ) 310 2000, 12, 14
2255 &) 319 2001, 5, 22
N s x) 292 2002. 1. 8
THZ(HA) 208 2002, 11, 8
A=Y ) 323 2002, 11, 8
2 X A 322 2004, 8, 5
g g & 289 2005, 4, 8
T I 3 303 2006. 3. 6
2 38 3 318 2006, 11, 6
o R F 296 2007. 3.16
£ Mz A 286 2000, 7. 22

gl 2-17. =Lf DGPS szt

A7 R YA ~8 (SBAS : Satellite Based Augmentation System): =AW 7+8FE-7] -

(ICAO : International Civilian Aviation Organization)olA A AF+E o= GPS (Global

Positioning System) ¢1/d¢] Algsts dA Moo} SHUAIR] HRE 835 AL8AL9] 9]

L A ZER RO sl Aol dupE el el A8l Ak Fo RALS & H

ol B FAAN AERE BAARE ALS T3l AleFoRA Fqe77F 8 F URE FAR

T2 Ag A2

SBAS+ 19911 ICAOS] 9178718k AFAIeh aFai Al 2~ =9 Al 2 @ a9} 20074 ICAO Al OEU—{'

of th3k A5 718k 3-8 A A<l PBN (Performance Based Navigation) ©]3] &2 $J38] =%jo] @
A Alaglo R 2025 HEE BE 33 7]9 SBAS AHE-S ALt A

852 PBNS fl8] 7] o5, @l Huld 3 F29A ARS, 253 Qo] CAT-I74+
A= SBASE =9 A

SBAS AlZz=®l AlE7]%

FA4 7% BE GPS 914 2 BAARE AlF AR tist e Al HS Al AL

fol o gigh AaE 9 7] QPSS 918 GPS AERA, GPS A5 7HA] 2 A3 A A

A R s v oy

B o] FFLAR AAIA AL, 3o QA e
e A=t AA7] S
H 2 wgo R x84

oA 2575 @ A AFEAR slol & GPS 914 9] Manuever E2FEE o= AR A= 94

of ATTE WY NEE Tt ol 8T 5 YRS o PN 484 2 A% FPNE

KL‘

= A= [}
gl o Holy dFel dad v 151 A2l B 2UY, AFEAES Tl TdA ol dset

B=o] GPS $217], dlolH A& AFEEH 5oz 14

TAL T VIETEel AEF doly /A st RAMAAE B4, ol& 93l GPS &4
AT dE R AL e, doE 23] B QAR A B BAAR A, EEAIA] F
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o BE JEw 2 AN LA A A/, A
37

kels

Ay

3L 2~ =
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- e S8 &2l air traffic flow management
— BVLOS: H|JIAIZ HI& (Beyond Visual Line of Sight)
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