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ummary

B Background and necessities

@ (Technica perspective) Compared to the increasing technical demands to support maritime
drones, current technologies in the area of unmanned maritime/agriad vehicles are not
sufficient to meet the demands. For example, current underwater unmanned vehicles do
not have resistance capabilities and have low mohbility limiting rapid response and
deployment. For unmanned aeria vehicles, there exist risks that the drone could be
damaged or lost when exposed to sea water. Moreover, operation time is a critica limiting
factor.

@ (Economica perspective) There is a need to actively respond to the 4" industrial
revolution. In particular, actively deploying drones for maritime applications can expand
maritime drone markets while creating new growth engines such as VR based remote
ocean exploration and ocean big-data analysis enabled by a stable supply of ocean
environment data

@ (Socid perspective) There exist demands for fast initia response to disasters and calamity
such as red tide and high sea water temperature damage in the fishery industry, and
damage caused in nuclear power plants by jellyfish and other harmful life forms. To ded
with such disasters, aeria observation of red tide and sea water temperature, collection
of data in various water depths based on aerial/underwater multi-dimensiona real time
surveillance systems, and freeing drones from mother-ship dependence for fast and active
response is required.

— Vil —



B Trend analysis

@ (Domestic) Aerid drones without underwater exploration capability or underwater drones
without flying capability have been presented in multiple occasions, however, there is no
ingtance of a hybrid aerid-underwater drone developed domestically.

@ (International) Hybrid aerid-underwater drones are at its infancy and there has been only
one development attempt by the US Naval research laboratory.

- (US Naval Research Laboratory): Development of ‘Himmer’ which uses fin shaped
wings to move freely underwater and a multi-purpose hybrid aerid-underwater drone
‘flying WANDA FHimmer'.

as a submaring in the Liioral High Bay pool in MALs
Syabidng Addsarch.

- There has been prototypes of hybrid drones developed a Rutgers, Oakland, and Johns
Hopkins universities that were tested indoors, however, the prototypes were connected
with a power cable which limits practical deployment in real life ocean environments.

@ According to a report by Markets and Markets, the world wide drone market in 2020 is
expected to reach $1.2 hillion.

Type 2013 2014 2015 2016 2017 2018 2020 CAGR
(6)
Fixed wing 3.59 4.10 522 9.33 19.24 40.83 199.91 91.15
Rotor blade 9.21 11.12 16.50 31.91 71.08 164.16 970.64 110.61
Nano - - 0.71 1.45 3.44 8.36 54.27 138.07
Hybrid - - 0.54 1.20 3.03 7.78 55.03 152.33
Total 12.8 15.22 22.97 43.79 96.79 221.13 1.279.85 109.31

- Due to its limitations, fixed wing drones are mainly used for survellance, farming,
research, and environmental activities while there is a significant market increase for
rotor blade based and hybrid fixed wing-rotor drones.

- The technical field with the highest compound annua growth rate (CAGR) for all
categories is automation technology which reflects the trend in autonomous drone
operation.
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Summary I

W Vision and objectives

“Dronesforour ocean, Oceanfordrones "

AU2V(Aerial-Underwater UnmannedVehicle): Hybrid aerial-underwater
dronefor oceaninfrastructure management, fast response to ocean

disasters, ocean science observation support, fishery industry support,
and maritime defense systemoperations

Cost Effective

= Alleviate the cost for motherships
= Fast deployment of drones at sea

| - Regular use of drones at sea

Development of AU2V platform and

operating system deertt

= Developrrint of an serisd undesverter deone

=[x

=D

0 o
= Dx

Enhanced Safety

= Secure supply of operation personnel
= Robust against sea water damage

- Safe operation in hostile weather

Create New Markets

= Power supplied by sea water
= Ocean as a drone training field

= Creating new remote ocean y
' observation, adventure markets i

Autonomous operation technology

ge pr Y

" Development of AUV communication
and location management technology

- M

ok

kol tacking fedrology

B R&D projects
@ Find Goa

sgraing

- AUV(Aerid-Underwater Unmanned Vehicle):

Hybrid aerid-underwater drone

development for ocean infrastructure monitoring, fast response to ocean disasters, ocean
science observation support, fishery industry support, and maritime defense systems.

@ Main R&D projects and research goals

R&D projects Research Goals
2 Development of hybrid aerial-underwater drone platform
AUV drone AU high reliability/availability operation system development
platform and Supports max 10kg payload, vertical lift/landing, flight (max speed
. 150km/h, 4 hour operation), underwater operation (max depth
operating system 200m, max speed 4kn, 12 hour operation)
AUZV drone AU control information and data transfer (underwater and air)
o Underwater-aerial communication interface
communications and Underwater location tracking technology
location tracking Low latency reliable commgmcahon for SQO ‘ km r.adllu.s oversea,
underwater depth 200m with 99% transmission reliability, latency
technology under 0,15s, location tracking error 1%
2 Underwater smart autonomous operation technology
AUV drone Supports  aerial and  transition  sections  (underwater/aerial,
autonomous aerial/underwater transition)
. Operation goal based, route tracing, and Al based operation
operation technology Object evasion 90%, autonomous intelligence Level 3 support

_ix_



B Research methodology
@ Initiating with the ‘AU?V_drone plateform and operating system development’ project,

government funding and industry matching funds are required to succeed in a fast short
term system development.

@ The ‘AU?V drone communications and location tracking technology development’ project

will be based on government funding to acquire core technologies and patents on
underwater/oversea communications and location tracking technologies. The developed

technologies will be applied to the platform mentioned in the previous item.

@ The ‘AU drone autonomous operation technology development’ project will be closdy

coupled with the previous development on communication technology to acquire related
data for autonomous operation, and will ultimately be applied to the AUV platform.

B Feasibility studies

@ Aligned with the development of high technology observation equipment for ‘Crestive
ocean and fishery industry development’ in the “Ocean and fishery R&D long-term plan
(114~20)".

@ Aligned with the law and enforcement decree on ocean and fishery development “article
12 on ocean management”, “article 17 on ocean science observation and technology

development”.

@ Hybrid aerid-underwater drone is a new paradigm that is clearly distinct from previous

approaches that are based on stand-alone underwater or aerial drones.

@ Based on a cost-effectiveness anadysis, the net present vaue is 1.91 which reflects the
feasibility of the project.
- A comprehensive andysis on benefits was held based on benefits for added vaue, cost
saving benefits, world drone market analysis, and economica content training. Summary
of the anaysis include net present vaue (NPV) 171 hillion won, benefit-cost ratio (B/C
ratio) 1.91, interna rate of return (IRR) 17.8% which shows the economica feasibility
of the project.



Summary I

Net Present Value . Internal rate of
ey (NPV) Benefit-Cost ratio return
- . (B/C ratio)
(Billion Won) (IRR)
Hybrid
aerial-under 171 1.91 17.8%
water drone

B Effects and applications

Response to i i Maritime defense
Ocean disaster [ system support

@ Oversealport infrastructure management, ocean disaster response, ocean science

observation, fishery industry support, maritime defence system

@ (Economicd perspective)=" Minimize operational cost and preempt drone market share

AS-IS: Current problem TO-BE: Benefit from AUV development

underwater drones require base vessels

= No need for mother—ship —) Cost effective

for deployment

- Leads to aggressive use of drones for ocean environmental applications (replace current

majority of drones and provide first-mover advantages in occupying drone market shares)

@ (Socid perspective) = Rapid deployment to target point at sea

AS-IS: Current problem TO-BE: Benefit from AUV development

Low mobility of underwater drones and
mother—ships

= High speed flight —) Rapid deployment

- Rapid monitoring of multiple unspecified target points a sea (rapid initial response to
disaster and calamity, acquire stable supply of drone operation and research personnel)

_Xi_



@ (Technical perspective) == Provide

‘Anytime One Stop’ services

TO-BE: Benefit from AUV development

AS-IS: Current problem

Submerge at target point —) Increased availability

Impossible to operate underwater drones
and mother—ships in hostile weather

- Provides a robust and continuous use of maritime drones (Vaue-added inducement by
enabling long life operational drones and uninterrupted collection of ocean data)

@ (Military perspective) = Enabling a 3 dimensiona red-time unmanned maritime

defense system

- New transparent unmanned defense paradigm for air, sea, and underwater (Surveillance

and communication support for aircraft carriers and submarines, 3 dimensiona

unmanned defense system deployment)
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& Dajiang Innovation Technology [DJ] (5
 FE7] 4 2P AH Az A g FJatojw DIZE
st & Sullivan)
&S Ree

%, AR, AEY

St A AF AMgRLE S

@ 20064 0| AHew =o] 1L
A AA W7 E28 A|A9] 7T0%E A& (F
=X

C2 93] 2%

e o 7 g4l 7]4S Fray
@ 2015 ¥ ZpALS] SDK(ZEQf 7 =5 70
bl At AlE el 7k
@ A5% iE EofollA DI+ F5 thsh}t =544l DI AZEY o] W RES @ EF
PSRBT} ARAA 5P BA EEHS FEOHT, SRo] o HH YRE 1
o 24 22 oA vaAd S g 3
I & 2-4 1 Daijiang UAV A}¥ [1]
Inspire 2 Phantom 4 Phantom 3
2 g _ .
1Tl — L = - * = T
’ l “®
Weight 32909 1380g 12169
Diagonal Size 350mm 350mm
P-mode/A-mode: 15 m/s
Max Ascent Speed S-mode: 6 m/s 5 m/s
S-mode: 6 m/s
Vertical: 4 m/s
Max Descent Speed ) s-mode: 4m/s 3m/s
Tilt: 4-9 m/s
Max Speed 94 km/nh S-mode: 20m/s 16 m/s
Max Service Geiing Above 2500 m ~ 5000m 6000m 6000m
sea level
Max Flight Time Approx, 27 min Approx, 28 minutes Approx, 25 minutes
ing T
Operating Temperature 20° 1o 40° C 0-40°C 0-40°C
Range
Satellite Positioning GPS GPS/GLONASS GPS
Systems
Vertical:
+0.1 m(with Vision Positioning)
Hover Accuracy Range Vertical: 0.5 m, +05 m
y heng Horizontal: 15 m Horizontal:
+0.3 m(with Vision Positioning)
15 m
15




ﬂ PixdDe] FAsto], RS B
T2 AFIY BA N|EALS
Xl UAV ALt

a
E b

I & 2-51 ParrotA}l 3|2l
Ar. Drone 2.0

BeBop
Controller

T (=
iOS/Android
22 m/s

Controller iOS/Android
Max Speed 5 m/s 5 m/s
Camera Resolution 14 megapixel 14 megapixel 1080p
Max, Video Resolution 1080p 1080p 1080p
weight 410g 420g 7509
WiFi (range 250m) WiFi MIMO
Approx, 45 minutes

WiFi (range 50m)
Approx, 12 minutes

Communication

Max Flight Time Approx, 22 min

Satellite Positioning GPS/GLONASS
Systems

GPS/GLONASS

GPS/GLONASS

A.

l

VA R AR FAGE FA F 9
A9 %

S Yuneec (=)
%
Al YuneecAl-2] Typhoon A2}

A Ao,
AV F49] ¢
A &Y, sona s &

I & 2-61 YuneecA}l 3|x2l UAV ARF
Typhoon H

3}
Q5.

I FE YA J)5e 7

Typhoon 4K

3=

H520
AN / 3 )
Android

Android

Android
5 m/s

8 m/s
12 megapixels

Ground station OS

72 km/h

12 megapixel

4K UHD

Max Speed

12 megapixel

4K UHD

200 g

Camera Resolution

HD 720p

16959

WiFi 1.6 km

Max_ Video Resolution

16959

WiFi 1.6 km

Approx, 25 minutes

weight

WiFi 1.6 km

Approx, 25 minutes

400 m

Control range

Approx, 30 min

400 m

Max Flight Time

400 m

Video transmission range
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& 3D Robotics (u]=)
@ Pixhawk 2|53 AJAH], Solo smart drone ¥ A E Qo] ZHE A|lE-S HA-5)
1l 9o, 3D Robotics A~AZE Qoj= @ ZAAZE F7|sH 20159 Quacomm ventures

ne iR SAE W

@ |3 2o A=A Z-L 93+ Quadcopteret Ardupilot ZEHEZ-L8 x}-8-35}

EE Al SA

i

wo] By

rr

I & 2-71 3D Robotics UAV A [2]

a5 e 3 I

A[m

o

DIZHE NME AR 2 AIEE ©
Solo Drone 2oz J|d He| HEE
Elxfsteien, Gopro Hero camera 2=t

= 0}

‘“'| mkx
| H 1o

1 X

2014 EA|=[2120, GoPro FiH[2t T2

IRIS+ Drone AlZ 40 mile £E2} 3,280fest H|SHHZ|
ts.
3D Robotics .
2014 EAZ H|H 20t X=HEE ~
X8 Quadcopter I8t FIHX| 23 x|, Advanced waypoint w
navigation technology &&.
- S X=MZE fIE XoHE S2E. ,
AEvT/g;;MuiCed Canon S100 ZiH|2} 2=t nXel H|SH _:tf‘l\/ﬂ’&‘

C20oZ 4087} 250 acres &7ls.

) Trace Live Network (Ziutch

W, BY BERS AF FHl] 4FOR I

7)< 1} 2| Dragonfly = 7H‘?3P§

1 a2 2-2 1 TraceAl2?| FLYR1
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S 7|ek 1279 UAV 7 @Agt
1 & 2-81 7|E} 1™ UAV AKX [3]
Trimble UX5 Sensefly eBee
QuestUAV Q-Pod MAVinci Sirius
S Pro
I \%
Take off weight 3800g 2500g 700g 2700g
Wingspan 195cm 100cm 96cm 163cm
Visibility range 1500m 750m 750m 1000m
Full Pilot control Yes No No Yes
Material EPP foam EPP foam EPO foam EPO foam
Propulsion Electric motor Electric motor Electric motor Electric motor
range 100km 60km 50km 60km
cruise speed 64km/h 80km/h 57km/h 65km/h
Weather limit Max wind Max wind Max wind Max wind
65km/h 65km/h 45km/h 65km/h
Communication & 3km, 30km
’ 5Kki k k
control (868Mh2) m Skm Skm
@ Penguin B UAV platform: 2AFE UAV Ao 24 3t= sloldl= A& A==} 99
5 A2 2goto] o83 57 ot A ula )k

Azl o] &

1 12! 2-31 UAV Factory penguin B UAV O|& &X|
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B VTOL(Veticd Take-off and Landing) 4~%lo]2+& UAV 7| 3S}H
Q

@ BirdsEyeView FireFLY6: 374 2)1} 114 0]-& 5% ARE35)= E31HFA 9] UAV. H|3 A
Zre B 8] AT SR 400 ol Ak, WAL Ee] oo T gom
450 acres Fojo] 7M. A AEAol THeT

I 12! 2-41 BirdsEyeViewAl g|T-11H2! UAV FireFLY6

— "_-"t 4

.‘I#—-——— —

. SOl

Metismake Samcokorea

Sparkletech AccessWe
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MH autonomous underwater vehicle (AUV) it o1t
) Kongsberg (:=2¢0])

@ w=29o] AUV 7iE GA|. thgFet oA F& sk & W2 AlET EAstal Sl
AUV T 7jdt 4. ¥ A Z 7o 2= HUGIN, MUNIN, REMUS, SEAGLIDER X
. 100m <=4 AUV Remus 1002} =2fo|t] e | seaglider A|&0] tiE2] 47 A

]-

E o
I & 2-91 KongsbergAl Remus 1002} seaglider M= AP
Seaglider
Remus 100
r= -V
Weight 32kg 52kg
Dimension 170cm, 19cm diameter 2 m length 30cm diameter
Max travel range 72 km 4600 km
depth 100m 1000m
speed ~ 5 knots 0.5 knots
battery life 12 hours 10 months
Propulsion 3-blade propeller glider

(ZX : Kongsberg Maritime)

&) Bluefin Robotics (u]=2)

@ T 9 FAME AUV A A E AlEo 2 Bludin2l £AF 24 g A5
Knifefish minesweeping AUV A= 7t A3 AUV 2= Bludfin sandshark 7l 251912

| 32! 2-5] BluefinA} Sandshark AUV

»20
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I # 2-10 | Bluefin Sandshark A}¥
H=H Bluefin Sandshark
Diameter - 4.875" (12.4 cm)
Dimensions Length - 51 cm
Weight - 5.12 kg
Depth Rating: 200 meters
Speed: 2-4 knots
Performance Active Roll Control, Field-replaceable fins
Navigation: GPS, 9-axis IMU, Depth Sensor, Altimeter (optional DVL)
Runs standard Bluefin vehicle software
Magnetic On/Off Switch
Mass Section Status LEDs (user configurable), Wi-Fi
Visible and Infrared Strobes
Battery Lithium-lon Battery Pack

21



5y Ml ROV g o1y

) Deep Trekker DTG2, DTX2 (FiUtth)

@ 4%, $=§ ROV ZE QA& DTG2 DTX2 2 e, 2872 AAgH B3 4
= AlEg DTG2= =% 100m, DTX2%= 5 305m 7H4] = 7hs. 8 AP |9ke
2 REWGor £8% & JE Sslug. ¥R ddggel W ¢lu dAw
S4%

I  2—111 Deep Trekker DTG2, DTX2 A}¥
e
Width
Height 258 mm 385 mm
Length 279 mm 630 mm
ROV Weight 85 Kg 26 Kg
General
Spec. Body Aluminum Aluminum
Depth Rating 100m 305m
Operating Temp -5~40 degrees -5~40 degrees
Speed 2.5 knots 3.5 knots
ROV Battery Time 6~8 hours 3~6 hours
Electric
System Charge time 1.5 hours 1.5 hours
Sony CCD, 700 HD, Sony CCD, 700 HD,
Camera . i
, 320° range of view 330° range of view
Lights and
Camera High Effici LED, 300~1200 | High Effici LED, 300~1200
Flood light ig iciency , ~ ig iciency ) ~
lumens lumens
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&) Seabotix (1]2)

B>

¥, B5§ ROV AL

o2 N HAFH
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AA|= LBV1S0, LBV200, LBV300 22! 7Hdt A3+ w4

] JJ_Q,_?ﬂ-

| & 2-12 | Seabotix LBV150, LBV300 A}

LBV150

LBV300

Width 245 mm
Height 254 mm 260 mm
Length 530 mm 520 mm
ROV Weight 11 Kg 13 Kg
General
Spec. Thruster 2 forward, 1 vertical, 1 lateral 2 forward, 1 vertical, 1 lateral
Depth Rating 150m 300m
Operating Temp -5~40 degrees -5~40 degrees
Speed 2~3 knots 2~3 knots
Camera 520 line high resolution color, 680 line high resolution color,
Lights and 270° view 270° view
Camera
Flood light 700 lumens LED array 700 lumens LED array

N Aquabotix (m]=t)

@ ROV, hybrid ROV, =% 7}v|2} A& 7 4 A|. ROVE recregtiond F1F A&7 42

2 AZzo] ERE.

@ Hydroview ROV 24| 7591 A2

8§73t 4.3kg, L

2% 2 knots, 4>

Zlo] 45m 7}, <IAFS 1080 HDE 7}v2l2 130% AJokzF @ 80 lumen % AF2H

.
A%

@ Endura= A& 7}3 oz 4+

2 FogA qp e GHS B 5 e,

41 100m 2=, FA] 6.8kg, 27] 2] AureF &A17], 3709 4=
il &% 3 knots, AR 7|HEC. 2 3~4A|7F &

715 1080p
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1 12! 2-61 AquabotixAl Endura ( })2} Hydroview(<$)

B OpenROV

@ 53 OpenROVE 4% BAME Uit 9 & SHo 2 8T 4 =S A7) &
% ROVE /¥ sf= QAR $594 Fdsh: =89 ofZzr Edolde
(OpenROV Trident)E 7§2F. Trident}+= HE=Z, open source ROV ZZAE L
A I, =EE HFEe AFsto] 45

@ Trident A|=&2] 7% 3~4A|7t 5251, Google chrome 2| ¥3k= 7]7] o4 22} 715
7|1HE, HEet 585 = gane contrdllerE &-83to] x4 FAoR 2ANSHH

WiF 7]571A] 2A).

I  2-13 1 OpenROVA}2| OpenROV 2.8 kit2} Trident AF¥

OpenROV 28 Kit

Trident

e a

e

Width 205 mm

Height 86 mm

Length 410 mm

GZrC\;\ial Weight 26 Kg 3.3 Kg
Spec, Thruster 2 tri-thruster 2 forward, 1 vertical, 1 lateral

Depth Rating 100m 100m

Operating Temp -10~50 degrees -5~40 degrees

Speed 2 knots 4 knots

Lights and Camera HD webcam, 120° view 1080p HD cam, 270° view
Camera Flood light 200 lumens LED 360 lumens LED array
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) £257 A0 CRACUNS (u]3)

2ts GBS AT AN BholA] Aotk FFHOR w4 4

rr

@ E29] 0]52 CRACUNS(Corrosion Resistant Aerial Covert Unmanned Nautical
System)2 R0 Gl 2FRAME A 5 93, A Tk Bk uisHE o

Zhetgkol diz1d o= dlon, EHoM L3et e AE ¢ A=E A H

@ 7|A& 3D ZIHE A &g

I 32! 2-7 1 Johns Hopkins CHStmO|A 7Hetst CRACUNS

&) Rutgers University Navigator (v]=)
vl o] A7) AU wol 4T U £FolA B sH 5 SRS AU
i

@ 2T #F B2 U ZREES AFHoR Aste] A

et
@ ?I%ZHWPX = oA FA SAlel oH Y S F3l Al e dA ol AR,
4 2 TR FAerR EES Alofsr] STt Al Ves AT T4,

I 12! 2-81 Rutgers UniversityO|A 7HElSt Navigator
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&) Nava Research lab flimmer (w]=})
@ "= Sl Ao A v, 4 2SS D 5 o]0 7HsE Flimmer 7, 7
g olFe % tAalel Aol A Hgoer Aty Sl A

@ A= AL prototype N AEQ +£0 7 2}7] LR AE Flying sea glider

UHZH.

I 22! 2-91 O|=2 naval research lab2| flimmer

N Imperia college AquaMAV (E=)
@ Y= imperial collageo| A $FUE EE2 AquaMAV 7JEr $FoA 25072 &
2517] A olAkstela Fuke] B WA ARG

@ 2o} 7nke] wiglE s, g A YIS A= WAeR AF. 3FolA
148 5 10m/s9] £E2 H|g, dTgoa] AL FE3H7] Y34l carbon
| kevlar Z|A = A2k

._.7
o

o

@

=

W °

I 22! 2-10 1 ¥= imperial collage2| AquaMAV
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&) Oakland University LoonCopter (u]=})

Ao A 3]

<}
of

@ Oakland ¢

1 12! 2-111 0|=2 Oakland University2| Looncopter
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1 & 2-141 2L UAV 74 Sist [4]

HESY

Byrobot
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L Metg BE XD-XB2 2016 A ZHA| Y20 Fo
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) =W AUV/ROV JIg g

1 & 2-151 =L 28 F0|7{L} 7Y I +FER
i
g | mwy | XM = | sy | a2 | ze mw H|
(WxH)
(m)
11x28 105 | =8 =4
KIOST | VORAM 04 357kg 20 | oo g
Az O5]
Al TSSE o
KIOST | oJAlo] 100 | 02x16 | 38kg 100 | 8| o oNe
ojalo] TE2F,
KIOST oo 06x49 | 850kg | 6000 | 18kn | oigUol
MECHst
SNUUV-1 03x14 100m 2m/s
Il
. s A,
shotch KAUV 215kg | 100m | 5kn il
70kg
05x0.75 AL}
bS[ESu B Ho|2= ’
ST NOAH s | o= 20m | B8N | ot
ety
battery7 <
s | guerove | 008 T g 100m ==
4x0 .26
Ethernet
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oIy X S o= 1M
SESE DPELEEEL
@ 2014 ‘27T FAu|g 7] vPAASHA LQ. 150kg o]t YL EES A
&2 3 FERTL Y3 EE AR uS7|To A 60A|7o]de] o] &, mojn|g, W
A7|nS o]std IVIAE WAL o]F wEbdFHel AVIAES SsfoFst
1% 2-16] st= &8 EE M2 uK=H 7|2
7|2 ot fIA
FAg3oFHH| ol Fol7| 4weeks
Mol jof Zole| s 85
Sz YIS E| e 52 3%
OfMlolR oIt W= EISH, FIMET| ME, O|d, ZE
Eeein Ll EmEsT EISH, FIMET| 47| 0¥
olai| = HE|ZE] 47| Yt
% T/ 28 23
@ QoA & 9 HE w87 o 2= Degpwater education center(UK)-VMAX™

ROV Simulator, Training Centre(England)-Dri-ROV Simulator, Oceaneering International,
Inc(USA), Globa Marine Systems Limited(England) 5-©] A|&d|o|E & &3t 18- 7]

3 A U

1 & 2171 MAC| us=a 7|

7|piy 2oyHEE el
Deepwater education center
UK 4week
(Perry Slingsby Systems) Weers
7week
Underwater Centre UK WOEKS
3weeks
Santa Barbara City College USA/1986 18weeks
Oceaneering International, Inc USA/1996 4weeks
lobal Mari Limi
Global Marine Systgms imited England Sweeks
(Subsea Training)
ABEL [taly 3weeks
Training Centre (SMD) England
Subnet Services Ltd UK 3weeks
h Afri
Marine Solution Sout fica 3weeks

(Cape town)/1999
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Others Others

Asia-Pacific 3% 2%
8%
Mid-Ease
8%

Europe 2013
16%

Europe

133 2131 MAl 2217| A& MeE FO0|
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%9, B3], £3& 20139 7]% E2 AT AA 3¢lo]n] EE 7]
& 2

@ FUARE] B I8 TR 2014 1009 oA 20229 71A] 17t 59+,
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14 18

2015 2016 2017 2018 2019 2020 2021 2022

132 2141 I 27| AIE (2 $Mm)

@ LA s A7 HEeh LGSR 130719 dFgas dF o
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— 201549 1¥9] 7)Z|= CES(Consumer Electronics Show)o| A= EEX4]

Al F+9¢] ‘Unmanned Systems Marketplace' S X
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2

— "|=¢] E-bayol 4] 2014 (3€d~129) 2Tt 127,000 2 1,66 TH=of
2al, RO 5 E29| Tjn|F2 2014 30%9A4] 2015W QN 50%7HA] Ab<

Tentative Qutlook for Civil UAS Production, 2015 - 2022
30,000

= Other UAS Applications
= Agrcultural
Law Enforcement/First REsponder

25,000

20,000

UAS Unit Production
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1=

2-191 2013-2020 FMIA| &EEE AT AZ(7IMFHE) (B9 #okE) [9]
3 2013 2014 2015 2016 2017 2018 2020 C&SR
Aol 3.59 4.10 522 933 19.24 40.83 199.91 91.15
3|zl 9.21 11.12 16.50 31.81 71.08 164.16 970.64 110.61

Lt (Nano) - - 0.71 1.45 3.44 8.36 54.27 138.07

sto|Ez|= - - 0.54 1.20 3.03 7.78 55.03 152.33

A 12.80 15.22 2297 4379 96.79 22113 | 1,279.85 109.31

— == Bto] mEd e EE AAMIE 2 20203 7HA] = T0%E 2E A
oz oidd

T o = o
I & 2-20 1 2013-2020 ZAIH| &EEE AME AR2(7[HMRIE-7[&E) [9]

s 2013 2014 2015 2016 2017 2018 2020 c(f,‘gR
3ol 3.59 4.10 5.22 9.33 19.24 40.83 | 199.91 91.15
AR R IA | 1.307 1.483 1.876 3.331 6.822 14376 | 69.430 89.85
Abs 3 0.094 0.127 0.186 0.375 0.862 2.019 11.735 112.69
Z=3|1] 0.296 0.348 0.457 0.841 1,784 3.889 | 20.071 96.54
AO|HE 2R 0.256 0.263 0.298 0467 0.827 1.466 4.358 59.68
28C 24232 0.875 1.012 1.304 2.358 4.922 10563 | 52.917 93.39
e e | 0.761 0.866 1.100 1.959 4.027 8.513 | 41.402 90.50
|9 9.21 11.12 16.50 31.81 7108 | 164.16 | 97064 | 110.61
ORISR A | 2.138 2.601 3.888 7.554 | 17.004 | 39568 | 237.419 | 112.19
255} 0.656 0.879 1.435 3.018 7.302 18.161 | 122689 | 127.73
ZE=3|1] 3.194 3.786 5511 10423 | 22833 | 51690 | 293.231 106.46
AO|BEEOHAHA 0.242 0.312 0.492 1.006 2.373 5771 37.564 122.19
2EC 2232 0.759 0.945 1.444 2.866 6.588 15637 | 97.452 116.55
EARMAFORA 2.222 2.597 3.728 6.945 | 14.975 | 33.334 | 182.286 | 103.10
L}=(Nano) - - 0.71 1.45 3.44 8.36 5427 | 138.07
OflAR |2 A ) - - 0.175 0.362 0.863 2.121 14.049 140.48
s st - - 0.095 0.210 0.535 1.395| 10.283 | 155.47
Z =31 - - 0.211 0.418 0.956 2.251 13.621 130.25
AO|HE 2 - - 0.029 0.062 0.156 0.400 2869 | 151.45
255 4332 - - 0.073 0.155 0.378 0.950 6.565 146.04
o e e - - 0.129 0.248 0.549 1.242 6879 | 121.64
sto|lEz|= - - 0.54 1.20 3.03 7.78 55.03 | 152.33
ORISR ) - - 0.136 0.305 0.775 2.009 14.444 154.33
2S5} - - 0.086 0.203 0.539 1456 | 11.296 | 165.15
ZE35|0| - - 0.148 0.320 0.787 1.966 | 13.111 145,23
AJO|BEE Q| - - 0.025 0.058 0.152 0.407 3.105 | 162.50
2EC =2 - - 0.060 0.137 0.355 0.935 6.941 158.65
| e e ] - - 0.083 0.175 0.416 1.003 6.137 | 136.21

Al 12.80 15.22 22.97 43,79 96.79 | 221.13 | 1.279.85 | 109.31

- f9 F= 4 VAR E AE T 671Y] 8 EE Ve AR ARt
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7|22 1A/ U /slo|He|E EEAF A= o YA F=ZIA| AH]
A AT 7P S AR oAFEH, e A9 FE3T] 7]
A E AR 7S A S Bl g e Fof 7F tha Zpo|7t Sl

AFFAAFE(CAGR)O] 7HY =2 7|& ®ok= 14 9/3d /v /slo|He=

= oA As2H(Automation) 7|&E UEIY EE9] A53t &2 A&+

W THE Ve Fadol FAa sdE AYS 5T = U=

7l& Holg Eea 7AfEYE Ad¥FATES B2 1 Y=(138%)/3l0| 2

25 (152%) 529 AAI7E 114 /2 9] ]

o= 11 el/3H e Aol F8sHA| Yth= A2 ofd

T3 Yl /slo| Bt B2 AL A ZH|o] oA AJ&FSEY] mf&e 2020 71X
2 &2 AFSinta e 14 /3 A0 5E2 AFof vl " Gfr) Zot

AR E oAM= & A EE Aot AR BV o] o] A

A E-ggwopd A d8 9 A%
2-211 2013-2020 ZTMIA| 48EE AE FR(7|IMFEH-E2EE20HE) [9]
i 2013 2014 2015 2016 2017 2018 2020 C(I;?)R
kil 3.59 4.10 5.22 9.33 19.24 40.83 | 199.91 91.15
Azyiet 0.591 0.686 0.889 1.615 3.384 7.293 | 36.824 94.20
ofjL 2] /242 - - - - - - . -
=9 1.170 1.380 1.813 3.341 7.095 | 15489 | 80.125 96.79
A=Y - - - - - - - -
o|mat - - - - - - -
D|Clof/AEHIRIHE - - - - - - -
%E - - - - - - - -
DfSli/EHYS 1.828 2.033 2.518 4376 8765 | 18044 | 82964 85.56
3|zl 9.21 11.12 16.50 31.81 71.08 | 164.16 | 97064 | 11061
2yt 2.608 2.977 4163 7538 | 15747 | 33.845 | 170.250 96.28
oL 2|/ 1.746 2.262 3.584 7.352 17.407 | 42.476 | 277.992 122.97
=9 0.768 0.944 1.426 2.799 6.362 14.946 | 91.337 114.24
A= 0.185 0.208 0.286 0.509 1.309 2174 | 10192 91.25
EIEED 1.187 1.528 2407 4912 11578 | 28137 | 182869 | 12199
DICIO/AEERIHE 1314 1.602 2398 4 667 10.520 24516 | 147.537 112 51
e 0.170 0.201 0.291 0.546 1.189 2673 14,948 | 105.10
DS/ EHAS 1.231 1.398 1.942 3.491 7.232 15.394 | 75.516 94.43
Ltz (Nano) = = 0.71 1.45 3.44 8.36 5427 | 138.07
Eor s - - 0.583 1.206 2.879 7.075 | 46.842 | 140.45
ofjLf /242 - - - - - - - -
=% - - - - - - -
A=Y - - - - - - -
o|mat - - - - - - -
D|Clo/RlEfEHRIIE - - - - - - -
%E - - - - - - - -
DS/ EEUS - - 0.126 0.248 0.556 1.284 7.424 | 125.68
EEEES - - 0.54 1.20 3.03 7.78 55.03 | 152.33
g2yt - - 0.125 0.257 0.597 1.398 7.959 | 129.46
ofjL 2| /242 - - 0.126 0.300 0.807 2197 | 17.284| 167.38
=8 - - 0.048 0.108 0.278 0.728 5.347 157.12
Azl - - 0.008 0.017 0.038 0.085 0.427 | _119.44
olza) - - 0.084 0.199 0.533 1446 | 11304 | 166.31
DICIOJ/AEHIRIPIE - - 0.079 0.178 0.454 1.179 8.511 154.88
8E - - 0.009 0.020 0.049 0.121 0799 | 14434
B e ko e - - 0.058 0.118 0.270 0.623 3.403 125.92
Al 12.80 15.22 22.97 43.79 96.79 | 221.13 | 1,279.85 | 109.31

]
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o 3= 7} IR AR th s7e]) Faopd Ao AlEske =



laguoes [
- 1o A9 mA ] AAYOR Qs FEopt A - ek s /Teted
T BAYRR ADET, 53] SU/BRAT - BHYR HopolA] F2 o419
Aot} gtH 3oy 31 ele] FHS 7H stolBEPE =R oY A] Zof
ANM 7P wol &-gol HH, & &ofolAe] ARAl Al 871 &oF T AlY =4
e
- YkeER2o A9 483 7] AR AE/ X0 2k AR Bokol A
Z8d AFolu, = Az - Xt FopolA] B2 &gol H AY
e AASFAANE A% WY @ A

I & 2-221 2013—-2020 HMA MAEEE AIZ AZ2(7[MHIFEE-X|HE) [9]

=2 2013 2014 2015 2016 2017 2018 2020 C(A%G)R
ksl 3.59 4.10 5.22 9.33 19.24 4083 | 199.91 91.15
o|chs 2.307 2.664 3.429 6196 | 12915 | 27.689 | 138.420 93,18
8 0.655 0.729 0.905 1.576 3.165 6.531 | 30.187 85,99
OFef 2| 0.397 0.452 0.573 1.021 2.099 4437 | 21571 90.47
19 0.230 0.254 0.312 0.537 1.065 2.169 9.736 83.62
3|9l 9.21 11.12 16.50 31.81 71.08 | 164.16 | 97064 | 11061
o|chs 6.051 7396 | 11106 | 21673 | 48997 | 114.496 | 692,705 | 113.10
8 1,597 1.872 2692 5028 | 10869 | 24262 | 133505 103.65
OFEf 2| 1.012 1.216 1.797 3.452 7.681 17.668 | 103.609 | 109.76
=l 0.551 0.637 0.903 1.660 3.529 7735 | 40822 | 100.07
L}=(Nano) - - 0.71 1.45 3.44 8.36 5427 | 138.07
o|ch= 0.492 1.024 2.459 6.075 | 40650 | 141.77
8 0.107 0.208 0.468 1.080 6.247 | 12568
OFEf 2| 0.077 0.156 0.366 0.886 5689 | 136.71
a9 0.034 0.065 0.142 0.317 1681 | 117.77
stojEz|= - 0.54 1.20 3.03 7.78 55.03 | 152.33
0|chs 0.366 0.824 2.107 5479 | 39665 | 155.26
8 0.085 0.184 0.449 1.115 7.323| 14359
OFEf 2| 0.058 0.129 0.326 0.834 5.853| 151.29
1 9 0.028 0.060 0.143 0.349 2.193 | 13878
A 12.80 15.22 22.97 4379 96.79 | 221.13 | 1,279.85 | 109.31
- 919] Fi= 7 7)AGEE RS ThA] o] AR Ao AES ARy
- 7AlFEE-AGE dFoA= 7IAFES SEstL 1] tf5o] ¢ 0% FEE
AAAANA 71 =2 A ARES AASh= FAl0 ABFAATE AdA] 94
RE XY FoA AY w2 ALE YEPY (7] 52 vl=r, Ay, WA|E, B
ehdo] Z3
— 114ele] AL v & W Ay, WAE, Hepd 3704 F Y EokollA Y] A
SEE B8 /A7 R 57 adow veid, 8 230 g A9 9
Stk 0] ulFo] 47 A oF 60% £EL FA5HE Ao W, o
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o0] A2 202087HA) 4 EFo} FAWE ] AR ulFo] HA| ofghx|ele] of
60%5 AAASHAor, Thut AWF YA B o] S 10L21%5 7|3kl of
X9 mA ] Hokol glo] A ke ARAE 7123

ellAl =2 Alelet Aiuch, WA, Hepd
= ojgre]olrt AlAgtE s}

- 3|49 ALx up A& u] &
3ol 7MY W2 Hlse AAE AL

Mg 2 Ao dEEE S ARLAHE oA 1Y B A0 e,

=
- s gw slojnels mRe] A% mgel slHelwe fxhor v o
oM mlo] b We AAFRE YHsHE FAo| ABFHRE A o
170~180%= Urehd, o)t mgel/sldelo] uls) Wulae] Wil ot it
/st el = E2o) nlStel A WA Aol FASHES ofn|at

O 7leE EE AR 3% H AT

| & 2-231 2013—-2020 FMA| HEEE AR AZ(7[aE-71HMedY) [9]

s 2013 2014 2015 2016 2017 2018 2020 C(ﬂf)"
ofj . R|/FZ1 3.45 4.08 6.07 1155 25.47 58.07 | 335.34| 108.48
UFe 1.307 1.483 1.876 3.331 6.823 14.376 | 69.430 89.85
3| 2.138 2.601 3.888 7554 | 17.004 | 39568 | 237.419 | 112.19
LEe (Nano) - - 0.175 0.362 0.863 2121 14.049 | 140.48
SR - - 0.136 0.305 0.775 2.009 | 14.444 | 154.33
A=35} 0.75 1.01 1.80 3.81 924 23.03| 156.00 | 131.78
uFo 0.094 0.127 0.186 0.375 0.862 2.019 11.735 112.69
3| 0.656 0.879 1.435 3.018 7.302 18.161 | 122.689 | 127.73
LHe (Nano) - - 0.095 0.210 0.535 1395 | 10283 | 15547
SR - - 0.086 0.203 0.539 1456 | 11.296 | 165.15
=30 3.49 413 6.33 12.00 26.36 5080 | 34003 | 10854
k- 0.296 0.348 0.457 1.784 1.784 3.889 | 20.071 96.54
3|9 3.194 3.786 5511 22833 | 22833 | 51690 | 293.231 106.46
Lt= (Nano) - - 0.211 0.956 0.956 2.251 13.621 130.25
EREa= - - 0.148 0.787 0.787 1966 | 13.111 14523
Ao E ok/2HY 0.50 0.58 0.84 1.59 3.51 8.04 47.90 | 108.98
kb 0.256 0.263 0.298 0.467 0.827 1.466 4.358 59.68
kel 0.242 0.312 0.492 1.006 2.373 5.771 37.564 122.19
L= (Nano) - - 0.029 0.062 0.156 0.400 2869 | 151.45
EREEE - - 0.025 0.058 0.152 0.407 3.105 | 162.50
EXRT=TERTE 1.63 1.96 2.88 552 12.24 28.09 | 163.87 | 109.17
uFo 0.875 1.011 1.304 2.358 4922 10,563 52.917 93.39
3| 0.759 0.945 1.444 2.867 6.588 | 15638 | 97.452 | 116.55
LHe (Nano) - - 0.073 0.155 0.378 0.950 6.565 | 146.04
SR - - 0.060 0.137 0.355 0.935 6.941 158.65
EAM/RMFO}E 2.98 3.46 5.04 9.33 19.97 4409 | 236.70 | 102.20
k] 0.761 0.866 1.100 1.959 4.027 8513 | 41.402 90.50
2| 2222 2.597 3,728 6.945 14975 | 33.334 | 182.286 103.10
LH= (Nano) - - 0.129 0.247 0.548 1.242 6.879 | 121.64
ERIERE - - 0.084 0.175 0.416 1.003 6.137 | 136.21

Al 12.80 15.22 22.97 43,79 96.79 | 221.13 | 1,279.85 | 109.31
- 9lo] BE 7+ 7)&E AR thA] a9 ARG E Aoz ARste A2
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= = S
- ARER AR oA/ 2T S let #E V)% AR ) 7
=z O 3 S =] /\ = = = =
T HFE AAS AR AAET, g 7Aoo 53] 33 EE9] H|Fo]
AR, AFE SN = Ui/stolHele T2 A7 Al =A UE
-3, EE Y9 AEstet #HE 7sAg Y o] gAEol 67] 71 &oF
o = 2~ =
T AY =2 AR AWEo] FF A=[U3t 7 2ol 9 5H
o) =]
gFEFopd T A % ¢ A
| & 2-241 2013-2020 TMA| HEEE AE HA(EER20ME-7|MREY) [9]
2 2013 2014 2015 2016 2017 2018 2020 c(‘?,‘gR
EEETED 3.20 3.66 5.76 10.62 22.61 4961 | 261.88 | 103.72
el 0.591 0.687 0.889 1.615 3.384 7.293 | 36.824 94.20
3|4y 2.608 2.977 4163 7538 | 15747 | 33.845 | 170.250 96.28
Lt (Nano) - - 0.583 1.206 2.879 7.075 | 46.842 | 140.45
sol=E2|E - - 0.125 0.257 0.597 1.398 7.959 | 129.46
EENEE] 1.75 2.26 3.71 7.65 18.21 4467 | 29528 | 12522
0 - - - - - - - -
iRl 1.746 2.262 3.584 7.352 17.407 | 42.476 | 277.992 12297
Lt (Nano) - - - - - - - -
slo|=e|= - - 0.126 0.300 0.807 2197 | 17284 | 167.38
=2 1.94 2.32 3.29 6.25 13.74 31.16 | 176.81 105.85
el 1.170 1.380 1.813 3.341 7.095 | 15489 | 80.125 96.79
il 0.768 0.944 1.426 2.799 6.362 14946 | 91337 | 11424
Lt (Nano) - - - - - - - -
shol=R|= - - 0.048 0.108 0.278 0.728 5347 | 157.12
Az 0.19 0.21 0.29 0.53 1.08 2.26 10.62 92.56
ol - - - - - - - -
2|49 0.185 0.208 0.286 0.509 1.039 2174 | 10.192 91.25
Lt (Nano) - - - - - - - -
S| - - 0.008 0.017 0.038 0.085 0.427 0.119
olma} 1.19 1.53 2.49 5.11 12.11 2958 | 19417 | 12422
e - - - - - - - -
2|49 1.187 1.528 2.407 4912 | 11578 | 28137 | 182869 | 12199
Lt (Nano) - - - - - - - -
sol=e|= . - 0.084 0.199 0.533 1446 | 11.304 | 166.31
DER{QIEERHHE 1.31 1.60 2.48 4.84 10.97 2570 | 156.05 | 114.51
0 - - - - - - - -
il 1.314 1.602 2.398 4667 | 10520 | 24516 | 147537 | 11251
Lt (Nano) - - - - - - - -
sl - - 0.079 0.178 0.454 1.179 8.511 154.88
S= 0.17 0.20 0.30 0.57 1.24 2.79 15.75 | 106.89
0o - - - - - - - -
il 0.170 0.201 0.291 0.546 1.189 2.673 14948 | 105.10
Lt (Nano) - - - - - - - -
sol=e= - - 0.009 0.020 0.049 0.121 0.799 | 144.34
TstsIER 3.06 3.43 4,65 8.23 16.82 3534 | 169.31 91.52
e 1.828 2.033 2.518 4.376 8.765 | 18.044 | 82.964 85.56
ifal] 1.231 1.398 1.942 3.491 7.232 15.394 | 75.516 94.43
Lt (Nano) - - 0.127 0.248 0.556 1.284 7.424 | 12568
sl - - 0.058 0.118 0.270 0.623 3403 | 12592
Al 12.80 15.22 22.97 4379 96.79 | 221.13 | 1,279.85 | 109.31
Ay S o 2 O & SLs
- 919] #i 7k Sg-Eopd ARG thA] 47le] AGFE Ao ARG A7
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* Ak
2o w5

aerial*

SH*
o

air* underwater®) (&=* of|lo{2|d* aerial*) near (H|

o=
T'__ocl'aI

*

o
o
[

o

s %

S0t TAS 9 oY By BLEIYS U8t Cls M £3YS 2 Jia 7|EeTEnA
| & 2-50 | 7Ie2FAA0| ME £F ZMA(SS)
(EE* Fojo|lEo|* &2H0|* ofo|FEO* FREO|* Ol0|Z=E}0|E* Z2I0|{* drone dron* UAV ROV

(((remotely) adj (operate®)) adj (vehicle) AUV UUV microlight* glider (Fel* Az XI&* unmanned”
unmaned* uninhabited* manless* driverless* light* autonomous®) near (8&* &3&* H]|

AT
TS

fiy* flight*)) key. and

o 23 23 ofof

= vehicle*

(5" ACfE!” S5 S ol osiA" 2M* sy HICh HIGHS" 2o sii ofgl shd* S5 siek
offed* sllak f=AF underwater* water* ocean* sea* abyss* maring* river* lake* shore* &3&* At&Z* AF|0O[
ol=* sky =% swim* 2FA{* amphibious)
| & 2-51 1 7|=E2FA7A0 L2 ZE ZMA
Az
=R | S2F| 2527 Haua| #= oz fae el [,
(KIPO) |(USPTO)| (JPO) | (EPO)
(B8) and (RAME" streamliined " QUE|ZRI* QUE|EFI* QIE{ I
waterproof* ((water) adj (proof*) &t&d* ((drag”) near (force®)) CIXtoI* design*
JIH ®ME 7| | @A %FH* shape 11X ol* 7}H._1‘ll*;§7§_1%|* (&3] fix* variable* rotor rotary) 006 | 551 | 215 | 100 |1.162
(AAA) near2 (wing*) ((ZE{ rotor) near2 (5}0|=22|=* hybrid)) LHRH ((pressure) near
(resistant”) ZE4E* EAE" ZiE Etz ESES ZeHEE” platform™
& MA* structur* constitution)
(BE) and (8351 2t=" H0|Z=* payload* cargo* M 5t23* load* unload®)
and (FEH|0f 2Ix|H|0of" 2elm|of* (- precision #IA|* position 2ol
2ot MMY/2& | robust’) near (Mof* ZEE* HAXE" ZEE* EXE" control) 7|7&"
eSS 2535 kinematics™ (AFs* auto®) near2 (Z2|=Z* grip* sH=2!* handl) 7 11 8 0 26
(AAB) BEUY (F=" #HZ" trajectory) near2 (Mad* m|L{2f|o|&* generat’) (S
cto|42y CHo|Lial* dynamic’) near2 (1Al Z&* T3 balanc’) X
o E2fo|" ZF* ofL|Z2{|0|E" manipulat” ZH* FE* gimbal’)
(B8) and ((E{g]* turbine X" BHE{2[* HIE{2|" Std2]* SE2|* batter* (A}
E{HI/HiE{Z] |OJA} secondary) near (A* cell”) ((OILAX[* Z24* m2* energy* power”) near
28 7lg  |(ME 2E2|X]* stor) stolEa|=otel* ((Gto|E2|=" hybrid”) adj (mhefZ*| 3 8 0 1 12
&t (AAC) (@2]* power*) adj (" pack?)) near3 (2&* UHLA|HE" manag* 2"
TT= operat* Z2|* administrat* 2+d* heat*)
] (BS) and ((TAI" HHEf2]* HIER] ef2]* Y2l batter” (2% OIAF
- B secondary) near (4* cell) S2* M2{* mpe* power') neard (EA*
SUER | T2 | =M sue | 3j0/ERIS hybid' B8 S8 9A LAt WE* combin® mix' S8
2 28t %_EAH; RS integrat* 2 sl makr m|2{Z* mEf* parallel) MEASE* (ME4 2 |2 | 0 1| 25
WIS | o og | (AMD) | MelE| walE|sr wRlE|S MRIEIS" selefive) near? (28" BLIXIME"
FM jl 5.5::.'3 manag® 2% operat’)) (HIL4X|* energy) near2 (&|5=* harvest F=2* $+&I*
T3LE Je gather* recover* Z* Za4* collect’))
E% AY) | IE AZ 0| (BS) and (2E" cruis’ 0| PE* Pel mov' BIE* fly* flight” 23" run*
7'? Jl= 28 sail* gal* H|H|AHo]* navigat® &Fs* voyag®) and (ZpEel* (B¢ 3 1 4 0 8
Z J_E:r‘: (AAE) variable®) near2 (Z78* wing*))
I(_A) (B8) and (FZI0JEF" VIOL™ ()" vertical) adj2 (0|2F* 0IF* &F"
T2 0|AF | take-off takeoff) (" +&" XMZ H2H store X resistance”) neard
ES (B1Xd* (@R ZE{* rotor rotary) near2 (<71 wing®) (ZE rotor) near2 | 24 12 11 3 50
(AAF) (BAM* Slo|EE|E" hybrid® 2&* &1 BlA* SlM* BZ* combin* mix* S8
integrat™ B4Z* Bish* i H|2{Z* T2f* paralle)
(BE) and (ZHAEY AB{AE{* baluster* thruster* ZF&l ((submarine®) near2
~z mE Il (voyag” div*)) ((underwater’) near2 (div') (F=&* AHE!* & S
( AAZ) SH5F &4 underwater* submerge® div*) near2 (2&* run* 28 sail 68 92 48 23 | 231
Sk 1| A 0" navigat* &5l voyag* 2&* OjLX[HE* manag* 2%
operat*)))
A AI2E |(SS) and (SERHAIAE" (S integrat* join* unit® X|&F ground®) near2
M= JlE | (EH Mor HES AHXE EEE* ZXE* control Z2|* manag* A|AEIF| 29 | 60 | 10 6 | 105
(AAH) system* 28* DjL|X|HE* manag* 2% operat’))
AR/t | (B5) and HIASH* (H|AF ZIZ* emergency) near2 (£37* 2|E1* Z{u4*
BH| AISE | 27" 22 retumn” comeback?) LRI RUEIRT Al FALSA BZ | o 0 | 24 | a5 | 567
HE 7= & monitor* gaz* observ' EoF okE* A|FO* A|FZIEl* MF2IEN
(AA) AIFOf2IE]" AIROJZE* MFRIE]" secur)

100




[RE-FEEEEER
AMzS
=R | SEF| 287 ZAA| = (o= (22 [ a1 [,
(KIPO) |(USPTO)| (JPO) | (EPO) A
EE HOZ [(E5) and (YAHSAIF TP HF VHF UHF ((high') adi2 (F=m4 frequency®))
2|5t Az| (BAZ]* (& 2 long®) adj (H2]* C|AEA* distance) 2|A* satelite* 8 19 8 5 0
E4 JlE 010|320 |E* microwave* XX|o1* ((low*) adj2 (latency™) near3 (S4I*
(ABA) FHFUA 0" communicat* F<&* transmission transmit* send*)) ULLRC)
EE MoE |(S8) and (Aolmtol" wifi* HE[O[* LTE" (& long’) adj (B term)) ZASLI
QI S/t | FUHASY (EHA2" B2l (& 0|&" middle” B £ short’) adj (A2 7 13| 6 4 | 20
EA JlE C|AE{ A distance”) (2™ ZLHd* ((broad” wide*) adj2 (area* band*))
(ABB) near3 (S41" F{FL A 0[* communicat*))
(B8) and ((HIHSITHA" (HIHS]™ unlicense) adi2 (CHef" ¥HE" band))) near
c= BzxE (E4I* F{FH A 0]* communicat* M&* transmission transmit* send”))
Ha ol *E'A.Iaﬁ%* ((fz'Alﬂ*.<(r9al*) adj <t|.me*))) near2 (_%ﬁl* _ﬂFTLI?ﬂOI* 2| w3 7 | s
(ABO) communicat* F&* transmission transmit* send*)) ((T.;ié* F.;PXE‘* observ* XtZ*
H|0|E{* |O|E{* data®) near2 (MZL* transmission transmit* send*)
2OIZIAloF FRV (QI& ((first®) adj (person)) near2 (Alof* view) OIE)
45 =2
Hol/AEXZ |(S8) and (RUSL FSU” (FM* wire & optic’) near3 (S HAFLAOI*
MEE I8t | communicatt ZZEEZ* protocol” F&* transmission transmit* send* 22 | 12 22 5 1 40
M BM Il OL|R|HE* manag* 2% operat’)) O|C{4l* ethernet®)
(ABD)
43 |conoynaxy| BS) ad (PUSH STSU (U widess' Sat S8 22" RS’
Y= Has ;l'@ O R AEl* acoustic* sound* RF (M* radio*) adj2 (Fmb* frequency™)) 61 74 29 18 | 182
XS oM £ Jja nea.rZI(%A._l* 711‘?!-l:|51|0|** con;rlqunicat* EE*E—E—* pr*otocol** NE* )
Jl= (ABE) transmission transmit* send* 22* 0jLX|HE* manag* 2<* operat*)
(AB) o= EAl (BE) and ((0|7|5* 0|&* F|E|Z* heterogeneous*) near3 (ZA* relay
ZHE 25t | WEYT* network® EAIF F{FLA0[* communicat*)) AO|EL0f* gateway | 9 0 ’ 1
AOIESol 7|=| 2FRE" routing THZIAL|E" (T packet’) near2 (A9|E* switching))
(ABF) OfAIEZ* (O§A* medium®) near2 (F2* HM|A* AMA* access?))
xEE EAl (&8) and (MTH={* (OIAX|" energy”) near2 (=&" efficient”)) ((T124* mh{*
7_|‘§OL power* Of|L{X|* energy) near3 (&|23} O|L|O}o|=* AH[* minimiz* consum* 5 5 o 0 ;
ABG) ok HMZP Nz UL Mo|E* Molel* save saving)) and (S4
{ HFLAO* communicat* RF (2M* radio®) adj2 (Fzls=* frequency®)
55;‘_'}%7('%3 5 (85) and (UlLI_‘RC ((Klo.j*l =2j|o]* delay*) near (8&" tolerant®) K.j—’oﬁ_?(l?j*
ULLRC 7|2 ((M&* transmission transmit* send*) near2 (X|91* Zl2{|0|* delay)) ZHZZHE*| 0 1 0 0 1
(ThZd* packet’) near2 (ZHZ* forwarding)))
(ABH)
(BE) and (BAEHE* IMU ((BHA* inertial') near2 (E&* &HH* measure*
motion®)) ((inertial) near2 (guidance®) INS ((inertial*) near2 (navigat®))
2IMEHH* ((sateliite”) near2 (navigat)) DVL ((&=Z21* doppler) near2 (Z&*
Navigation velocity)) AHRS ((attitude®) near2 (heading)) USBL ((ultra®) near2 (short*))
Fusion 7|& |$&* ((depth* hydraulic*) near2 (pressure®)) ACHAZ* (ACH* relative®) near2| 345 | 773 | 251 | 132 | 1501
(AB) (@2* path?) 28F 22| AFRE* 2If 0{FAE* acoustic* sound” E¢|*
QX" X|mloflA* EX|M* locat* position* GPS $=Al5E&* digiquartz
((transducer*) near2 (navigat)) s=&1* ((water*) near2 (depth* level*)) =CHZFE"
Z}E* coordinate®)
7= S al
;’ng am | (B and (GB (£3° eicielel B4 Sob Seist
< = underwater*) near3 (EHg1* UIH|A|O[* navigat* 2&* 2* 2i{a|0|M* operat* 35 76 17 18 | 146
A2 s 22" A" managY) HoHSE|Z|* (ROHS* obstaclef) near2 (3|Z|* avoid*)
N (@=2* path* course* route*) near2 (H|&* plan®)
(ACA)
(&) and (5" ACRUE S5 S $Hsl siX* underwater” SH|*
T3YE & 3 & | 2| object” FiT* target* ZOf* obstacle” X|H* X|AF ground* Z=F* algae*
F% CIX| 7|l& k4" environment* 2M* 2Z12* motion®) near2 (ZL|E{Z* ZLIEIR* 39 22 13 3 7
SHE (ACB) monitor* O|O|X|* O|O|& AF BIAK A J21* imag® picturt H|F*
& vision®))
(AC) (BE) and (Rf2F8* (Kk&* F2I* autonomous™ autonom* self unmanned*
22 2= Hof unrr_1aned* uninhabited* manless* driverless* A= 2E* auto*) near3 (—7.5?3"*
e =2 28" Az %’}.‘* TE 718 =2ole” EE}OI.%'* 0|g" 24* driv* 159 | 80 | 55 | 12 | 307
(ACO) operat* run* mov*_ motion)) K}HIHI_OV ((REM* EH=* attitude* posture®) near2
(Mo HEZ* AXE* E2EE* ZXE* control)) (BZ2* RE* path* course®
route®) near2 (£Z* follow* O[E E2H leav* deviat* separat®)
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SRt IRS U A B BLEYS 93 s 24 £3YE E2 7|2 7|S7E DA
Mz
=R | SEF| 287 ZAA| g= o= e,
(KIPO) |(USPTO)| (JPO) | (EPO)
e 2E) and (Z20HIAM* (E20) ultraso®) near2 (MIA* MIAF MIA MIA*
+3 21
A 7'|:',\ AHAS AR A AT MAT HAR WA WA WA A sens?)) 8| 3 7 o | o8
L(ACD)E HOHSEX|* (HOHZ" obstacle”) near2 (BfX[* Z{E* detect’) (HE* RE*
path* course* route*) near2 (X|=H Z|4* short®))
£ (B5) and ((K|=* * map* H|0|E{H{|0|A* database*) and (E8}* composite*
FZ MA|ZE  |CHEE* ((large”) adj (scale”) Hed* 2™ global* (EH4* U|H|AH0[* navigat®)
3AH near2 (MIA{" MIAP HIA" M MAP™ MAP AHAL WA MA" HAP Al 0 4 5 0 6
SRER T A" AP AT sens”) RIEDEET Landmark™ (B4 R[4 local*
MM 7l | regional®) near2 (EZI* feature®) (QAF vision*) near2 (SLAM)) (2&F of2{*
(ACE) error*) near2 (2&* correct))
3+
=R ER|E
= l (BE) and ((K|=* 24* map* H|0|E{H|0|A* database’) and (ZZA4A*
2 2 1 0 5

AZor2
IH FIUE

=
ZEEM X MAZ X|CHEZ (2" RE* path® course* route’) near2

2N A= B . . ! . _ . .
J1e (A4Ad* ERAH* planning creat” investigat® |&* optimum™ Z|¢H short)
=
(ACF)
(B8) and (Fi02l FHoiEb FHoab JHoHE]" camera” Y& Eab E
photo* picture* film*) and (2|14 (A" Z4A|* object’) near2 (2IA* CIX|*
S| 214l J|= | recogni* aware™ percept’) ZPHEE" (ZHEH kalman®) ad2 (ZE* filter) 0 0 0 )
(ACG) SHZF" (EH" ZA" object”) near2 (27" classifi) El2i'd” (& deap”) adj
(B4l learning)) ((ZAH{E44* convolution”) near (FEUIEYT" FHUEY*
FE* neurual)
S 24 | )
oM /T ot (BE) and ((B&* Clo|2! Clo|LHey* X|&* dynamic* geometry* O|S* mov*)
K;HTEO°|:+_‘ near2 (A" QIX|* recogni* aware* percept’) (S&* Clo|Lt2l Cto|Lyel*
3,-(; :pj dynamic* 0|F* mov’) adj (2 Z4l|* object’)) (MAf* MIAF Hlad* & | 8 | 0 | 3 | O | 11
ol Jla | AT AR M HAT AR MAR HY* WA AR HA sens) near
s = 881" fusion* ZIHTA* convergence”)
o) (8% 2A{THA" convergence))
*/E &8
A I#A 21 (SE) and ((RIXI* locat* position) near2 (F=X* estimat* assum* presum?))
3 gy o O i positon) Near= 1% < . P 1133 |2 |2
J1a 2Z2[H|0|M* localization 2EZI* modeling)
=
(ACI)
EEEL s e _ ) s
HIB/EE Al (SE) and (ZsfeHE" (Usf reinforcement* S4E* behavior’) near2 (&hH&
fk Ac: °7|f° learning)) SJAFEA* ((decision®) near2 (making®) and (H|&H* &sl* flight* fly*| 2 2 0 0 4
TS /= .
oyage™ sail”
SA oM N N
CE oo (BE) and (AAIZHHIE" (MAIZF real) near2 (A& plan®) (L2 OjM*
el ol | TISSON) near2 (A" MBIXI" change’ A1 ARIAI PR Ui W | 16 | o1 | 18 | 17 | 142
x|X3} 7| )
switch”
(ACK) )
gt oz (BE) and ((Y* 0|M* mission”) near2 (E31* description describ* 910{*
ASH H3J|=| language)) (SiE* goal* SA* purpose) near?2 (AE* sort* plan* MEH 2 0 2 0 4
ACL) choice* &=|* priorit* sequenc?)))
1,343(2,314| 793 | 400 |4,850

A

Opk
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I, B % oz 24
| ¥ 2-52 1 71 ZMA
e Huizie
oies || 228 Ay #2 | o= | 2= | s | .
""' (KIPO) |(USPTO)| (JPO) | (EPO) gl
=3 (22" 2" 2ua|o|M* operat” Z2[* ZHH|* manag®
o2 28 HlH[A o] 2L{E{2l* ZLERR navigat® monitort E&*
A|AED 2= | consol FA* trackt HE* information ZE* alert” 2H 488 1,277 353 217 2,335
Il darm* ZIcP Mo HEZ* HXE* REE ZXEF TE
(AAA) ZX* diagnos* control®) key.
=2y .  OIAF SLAR TR B s e
Bzl ojst ((0||:||7<.|. olo|Zl chot_ 2|-é,¥_ A+ 2l |rT1ag pictur
oAt = H|Z* vision* F|H|2p £ted* AP camera® EHH* A3z
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Wireless interface for electron
ic devices located in enclosed
spaces

WIRELESS INTERFACE FOR EL
ECTRONIC DEVICES LOCATED
IN ENCLOSED SPACES

Uninhabited airborne vehicle i
n-flight refueling system

lAn uninhabited airborne vehic
le in-flight refueling system

SR S5 ZEA|SIT] AlA
+y

A wireless communication syst
em for transmitting and receiv
ing radio frequency (RF) signa
Is inside an enclosure such as
a hull of a torpedo, autonomo
us underwater vehicle, or airc
raft, an automotive body, or a
test equipment enclosure

A wireless communication syst
em for transmitting and receiv
ing radio freguency (RF) signa
Is inside an enclosure such as
a hull of a torpedo, autonomo
us underwater vehicle, or airc
raft, an automotive body, or a
test equipment enclosure.

A method and system is prowvi
ded for performing automate
d air refueling of uninhabited
airborne vehicles (UAVs) The
method and system includes a
ny combination of a positionin
g system component, an air ¢
ollision avoidance system (AC
AS) component_

A method and system is provi
ded for performing automate
d air refueling of uninhabited
airborne vehicles (UAVs) The
methed and system includes a
ny combination of a pesitionin
g system compenent {42a), an
air collision avoidance system
(ACAS) component (94)_
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Unmanned underwater vehicle
integrated radiation detection
system

Autonomeus underwater navi
gation

Unmanned aerial vehicle base
station

Management system for unma
nned aerial vehicles

e
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An unmanned underwater veh
icle incorporates a structure h
aving an integral scintillating

material for a radiation detect
or and detection electronics ¢
onnected to the radiation det
ector for measurement of the

scintillation,

Systems and methods for auto
nomeus underwater navigatio
n are disclosed In one embod
iment, a system for autonomo
us underwater navigation com
prises an underwater commun
ication network.

A method and apparatus com
prising a platform, a battery s
ystem, a power generation sys
tem, a number of charging sta
tions, and a controller. The pl
atform is configured to house
a number of unmanned aerial
vehicles,

A methed and apparatus for
managing a flight of an aircraf
. Conditions in an environme
nt around the aircraft are mo
nitored during the flight of th
e aircraft on a route having a
number of target points.
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Flight interpreter for captive ¢ ) L ) ) A method of and apparatus fo
arry unmanned aircraft system EED alrc:nft paicanag] (e unm‘:nn::;erl?r\] v:hdlcrlaeﬂha Bal 337 r extending the cperation of a
s demonstration Syst = S/ ILE n unmanned aerial vehicle

A system for unmanned aircra
ft system (UAS) testing which i
ncorporates a UAS flight contr
ol system and an optionally pil

A method and apparatus for a
ssisting in management of a n
umber of unmanned aerial ve
hicles, Symbols used to display,
a number of pre-planned rout

The present disclosure relates
to an unmanned aerial vehicle
(UAV) able to harvest energy T
rom updrafts and a method of

A method of extending the op
eration of an unmanned aerial
vehicle (UAV) (100) is disclose

S7E A
oted vehicle (OPV) carrying th cEiar .the ”“.’““” & .unma.nn operating an unmanned aerial Hofl zgk 7,10|E} d.
e UAS fiight control system ed aerial vehicles are identifie vehicle
s . d on a top-down view of the n :
umber of pre-planned routes.
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integrated radiation detectiocn boratively centrolling at least oratively cantr.ullmg at least t S #HE7| OF AN UNMANNED AERIAL VE
system one aircraft wo aircraft HICLE

An unmanned underwater vehi
cle incorporates a structure h

aving an integral scintillating
material for a radiation detect
or and detection electronics ¢
onnected to the radiation det
ector for measurement of the

An unmanned vehicle manage
ment system includes an unma
nned aircraft system {UAS) co
ntrol station controlling one o
r more unmanned vehicles (U
V), a collaborative routing syst
em, and a communication net
work connecting the UAS and

An unmanned vehicle manage
ment system includes an unma
nned aircraft system (UAS) co
ntrol station controlling one o
r more unmanned vehicles (U
V), a collaborative routing syst
em, and a communication net
work connecting the UAS and
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A method of extending the op
eration of an unmanned aerial
vehicle (UAV) is disclosed. The
method comprises detecting t
hat an energy storage device
on board the UAV is depleted
below a thresheld level, landin

scintillation the collaborative routing syste the collaberative routing syste 2 g the UAV at a base station_
m m,
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Unmanned aerial vehicle

Device and methed for use wi
th unmanned aerial vehicles

Device and method for use wi
th unmanned aerial vehicles

Take-off system and method f
or unmanned aerial vehicles
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The present disclosure relates
t0 an unmanned aerial vehicle
(UAV) able to harvest energy f
rom updrafts and a methed of
enhancing operation of an un
manned aerial vehicle

An autonomous battery replac
ement station (10) for an unm
anned aerial vehicle (UAV) {10
0) having a replaceable batter
Y, the station comprising: a la
nding platform (20) for receivi
ng the UAV: a storage locatio
n [30) for storing a replaceme
nt battery (35) for the UAV:

An autcnomous battery replac

ement station for an unmanne

d aerial vehicle (UAV) is provid

ed. The UAV includes a replac
eable battery.

A novel system and correspondin

g method for the take-off of Un

manned Aerial Vehicles is present

ed. The system comprises at least

one winch, at least one towline, a

t least one dolly on which at least
one aircraft is mounted,
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US14/189603

Methed of flying an unmanne
d aerial vehicle

JP2014-054956

29 FE71el v

US14/202347

Autonomous power generatio
n in submersible environments

US14/146060

Charging system for battery-p
owered unmanned aerial vehic
les

KR10-2014-0173501

2ol g3

The invention relates to a method
of flying an unmanned aerial vehi
cle (UAV) in response to emergen
cy conditions, the method includi
ng steps implemented using a co
ntroller forming part of the unma
nned zerial vehicle, the steps co
mprising” defining a plurality of
mergency conditions;
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Embodiments provide for safely a
nd relizbly operating s generator
in a submersible environment wutili
zing an autonomous control syste
m. One embodiment is a power g
eneration system that includes a
generator, a water-tight enclosur
e surrounding the generator, an i
ntake valve, an exhaust valve, an
d 3 controller.

A rack system is provided that inc
ludes 3 plurality of trays configur
ed to hold a respective plurality o
f battery-powered UAVs, and a fr
ame configured to support the pl
urality of trays in a vertical arran
gement. Each tray of the plurality
of trays includes a platform, bum
per and first plurality of electrical

contacts
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EP2014-382030

Uav take-off method and app
aratus

US14/610847

UAV Take-Off Method and Ap
paratus

US14/955945

TAKE-OFF SYSTEM AND METH
0D FOR UNMANMNED AERIAL
EHICLES

US14/696588

Mobile unmanned aerial vehicl
e infrastructure and managem
ent system and method

JP2015-186445

T7H 2k 55 AlM ofzio] Al
HEed

EEpE

A method and apparatus for lsun
ch of unmanned sir vehicles is di
sclosed. The method of launching
an unmanned air vehicle (UAV), ¢
omprises’ supporting the unmann
ed air vehicle on a surface vehicl
&, such as a dolly cart (50), for n
ding along the ground or across
water; connecting a towline to th
e surface vehicle;

A method and apparatus for laun

«ching unmanned air vehicles (UA

s} includes supporting the unma

nned air vehicle on a surface veh

icle, such as a dolly cart, for ndin

g along a surface such as ground
or water.

An unmanned aerial vehicles take

-off system may include at least

one winch, at least one towline, a

1t least one dolly on which at least

one aircraft is mounted, and at le

ast one battery of the at least on
e winch,

A mobile UAV infrastructure and
management system for control a
nd management of one or more
unmanned zerial vehicles includin
g at least one landing platform to
facilitate operational readiness of
the unmanned aerial vehicle
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US14/732409

lAutonomous Unmanned Aerial
Vehicle Decision-Making

EP2016-160403

AUTONOMOUS UNMANNED A
ERIAL VEHICLE DECISION-MA
KING

A method and apparatus for auto
nomously managing operation of
an unmanned serial vehicle, Sens
or data is received by a compute
r system located onboard the un
manned serial vehicle

A method and apparatus for auto

nomously managing operation of

an unmanned aerial vehicle (202)

Sensor data (228) is received by

a computer system (224) located

onboard the unmanned aerial ve
hicle (202)
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UAV Take-Off Method and Ap
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TAKE-OFF SYSTEM AND METH
IOD FOR UNMAMNMNED AERIAL V
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A method and apparatus for laun

ching unmanned air vehicles (LA

W) includes supporting the unma

nned air vehicle on a surface veh

icle, such as a dolly cart, fer ridin

g along a surface such as ground
or Water,

An unmanned aerial vehicles take
-off system may include at least
one winch, at least one towline, a
t least one dolly on which at least
one alrcraft is mounted, and at le
ast one battery of the at least on
e winch_
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US08/5303%4
Apparatus for interconnecting
an underwater vehicle and a f
ree floating communications p

od

Us08f701322

Underwater defense system

US10/289900

Lightweight underwater acous
tic prejector

US10/351753

System for in-stride identificat|
ion of minelike contacts for syl
rface countermeasures

US10/354507

Reconnaissance using unmann
ed surface vehicles and unma
nned micro-aerial vehicles

Apparatus for interconnecting
an unmanned underwater vehi
cle and a free-fting communic
ations pod includes a commun
ications cable depending from
the pod and extending to a bu
oy of less buoyancy than the
pod

A communications system of a

n underwater defense system

is decoupled from unmanned

underwater vehicle (UUV) whe

n the UUV is deployed under t
he surface of the water_

A compound electro-acoustic
transducer for producing aco
ustic signals has a plurality of
elements. Each element has a
piezoelectric disk with electric
ally conductive plates fixed on
the top and bottom sides of £
he piezoelectric disk_

A mine identification system in
cludes a surface ship with con
sole and display screen_ An un
tethered unmanned underwat
er vehicle [UUV) has a video ¢
amera and high-resolution son
ar providing high-resclution i
mages for the screen

A reconnaissance system and
methed utilizes an unmanned
surface vehicle (USV) and at |
east one micro-aerial vehicle (
MAV]_ The MAV, equipped for
unmanned flight after a launc
h therecf, is mounted on the
u
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A= 71E (AA)

2003

Navigation Fusion 7|2{ABI)

2006

71 A2 712 (AAA)
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US10/663058

Launch and recevery system T|
lor unmanned underwater vehi
cles

US10/719854

Underwater investigation syste|
m using muiltiple unmanned ve|
hicles

US11/602436

Deployment system and meth
od for subsurface launched u
nmanned aerial vehicle

US11/789128

Bettery cherging arrengement for unma|

nned serial vehicle Utilizng the eiectro

magnetic ficld sssocisted with utility po

wer lines to generste power toinductiv
ety charge eneroy supplics

Us12/333184

Underwater unmanned vehicle|
recovery system and method

A launch and recovery system
for unmanned underwater veh
icles (UUV) includes a watercr
aft with a stern endwall mova
ble between a vertical position
and a ramp position that is an
gled downward toward the wa
ter surface.

An unmanned system for inve
stigating underwater regicns u
tilizes an unmanned mothershi
p and a plurality of unmanned
underwater vehicles (UUVs).

A launch system in which an u
nmanned aerial vehicle is secu
red to a platform in a watertig
ht tube adapted to be launche
d from a submerged platform,

The present invention relates t

© a UAV that comprises an ind

uctive charging device that ut

ilizes the electromagnetic field

emanated by overheadyutility

power lines, to charge the en
ergy supplies,

In varicus embodiments, an a

pparatus for use in the recove

ry of unmanned underwater v

ehicles includes a recovery ve

hicle configured to be couple
d to a winch via a tether.
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Laser-based method fer docki
ng an unmanned underwater
vehicle to a submarine

US13/355704
system and method for a laun
«ch control console for commu
nication with unmanned under

water vehicles

US13/527658

IAutonomous underwater vehic
le control system and method

US13/623551

Hand launchable unmanned a
erial vehicle

US13/790655

Hand launchable unmanned a
erial vehicle

An Unmanned Undersea Vehic

le (UUV) docking system is pro

vided in which the UUV is resp

onsive to a first rotating light

beam (which emits from a sub

marine) to begin a docking pr
ocedure.

A system and methed of use i
s provided that includes: recel
ving configuration information
from an unmanned underwate
rvehicle (UUV): automatically
configuring a launch control ©
onsole (LCC) according to the
configuration information;

A vehicle control system is pro
vided that includes an internal
communications system_ The v
ehicle contrel system further i
ncludes a centroller configure
d to communicate with a plur
ality of independent vehicle sy
stems via the internal commu

nicaticns system.

An unmanned aerial vehicle in
cluding a centroller operating
in a search mode of operation
where a receiver of an acquisi
tion sensor searches for a tar
get and causes flight control s
urfaces to guide the vehicle in
a downward spiral path

An unmanned aerial vehicle in
cluding a centroller cperating
in a search mode of operation
where a receiver of an acquisi
tion sensor searches for a tar
get and causes flight control s
urfaces fo quide the vehicle in
a downward spiral path
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US13/899011

Submersible wehicle with high
maneuvering cyclic-pitch post
swirl propulsors

US13/965311

System and methed for airbor
ne deployment of object desig
ned for waterborne task

US14/032337

System and methed for naviga
tion for unmanned undersea v|
ehicles

US14/093709

Adapter for an unmanned und

erwater vehicle fer inspecting

an object and methed for pro
viding same

US15/155672
System and Metheds for Unch
trusively and Relocateably Ext
lending Communication Covera
ge and Supporting Unmanned

Aerial Vehicle

A submersible vehicle with inc
reased payload and energy sa
vings, mere particularly, a sub
mersible vehicle, which may b
e an unmanned underwater ve
hicle, with high maneuvering c

An airborne deployment syste
m and methed for deploying a
n object designed for a water
borne task. An unmanned aeri
al vehicle has an object such
as an unmanned underwater v

System and methed for naviga
ting an unmanned undersea v
ehicle (UUV) using three-dime
nsional acoustic reflectivity da
ta sets and a beam steered do

An adaptor for an unmanned
vehicle for inspecting an cbjec
t, the adapter includes a move
able ring assembly and a fixed

Exemplary apparatuses and m
ethods are provided associate
d with an unobtrusive router/r
elay system configured to co
mmunicate with a plurality of
radio frequency systems inclu
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ot Px2 U oY B BUEZS 98t Ciyls 2M £3U8 E2 72 7|87
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A 2ok Vs &7 9 WAVIHEE HEH e R =RdAE SR Ve =5
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@ 7l& &5 AAll e HF ANAS v 329 =
| & 2-591 SCI =2 38 ZAMA
nE 72 2 5 7%
((drone OR dron* OR UAV OR ROV OR ((remotely near/2
operate®) near/2 vehicle) OR AUV OR UUV OR
H H * H % %
SiMAl 2= mprohght EDR glider OR *((unmanhed O*R unrjan(e*d OR 18,597
uninhabited® OR manless* OR driverless® OR light* OR
autonomous®) near/2 (aerial* OR air* OR underwater®)
OR (aerial* near/2 (vehicle® OR fly* OR flight*))
1 & 2-601 SCI =& Z} 2F/E ZM4
ieR | 2R N 24|
(platform* OR structur* OR constitution OR design® OR shape OR ((fix* OR variable
I HE TS OR rotor OR rotary) near/2 wing®) OR (rotor near/2 hybrid) OR (pressure near/2
( AA_|A) = resistant®) OR waterproof* OR (water near/2 proof*) OR (drag* near/2 force*)) AND
(underwater* OR water* OR ocean* OR sea* OR abyss* OR marine* OR river* OR
lake* OR shore* OR sky OR swim* OR amphibious))
AND (payload® OR cargo* OR load* OR unload®) AND (((precision OR position OR
- o i robust®) near/2 control*) OR kinematics* OR (auto* near/2 (grip* OR handl)) OR
2l Ar/2E8 Tl . . . . - -
(AAB) (trajectory near/2 generat®) OR ( dynamic* near/2 balanc*) OR manipulat* OR gimbal*)
AND (underwater* OR water* OR ocean* OR sea* OR abyss* OR marine* OR river*
OR lake* OR shore* OR sky OR swim* OR amphibious))
ot 7x2
9 sfet 3A ((turbine OR batter* OR (secondary near/2 cell) OR ((energy* OR power*) near/2 stor*)
DUEzS | s3zue E{HI/HHEI2| 22 J|& |OR (hybrid* near/2 (power* near/2 pack®)) near/3 (manag* OR operat* OR administrat*
23t Chls |E2 =Za= (AAC) OR heat*)) AND (underwater* OR water* OR ocean* OR sea* OR abyss* OR marine*
=Wy ETREEY-) OR river* OR lake* OR shore* OR sky OR swim* OR amphibious))
SBUR [A2E TlE
= (AA) ((batter* OR (secondary near/2 cell) OR power*) near/3 (hybrid* OR combin* OR mix*
7|18 o _ _. |OR integrat® OR parallel”)) OR (seletive near/2 (manag* OR operat*)) OR (energy near/2
=4 SHY Mo Iz
A) (AAD) (harvest* OR gather* OR recover* OR collect))) AND (underwater* OR water* OR
ocean* OR sea* OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR
swim* OR amphibious))
14 AT Ol T2 ((cruis* OR mov* OR fly* OR flight* OR run* OR sail* OR navigat® OR voyag*) AND
= O(C’AAE)O = |(wing®) AND (underwater* OR water* OR ocean* OR sea* OR abyss* OR marine* OR
river OR lake* OR shore* OR sky OR swim* OR amphibious))
(VTOL* OR (vertical near/2 (take-off OR takeoff) OR ((store OR resistance®) near/3
TX| O|EF V)& ((rotor OR rotary) near/2 wing*) OR (rotor near/2 (hybrid* OR combin* OR mix* OR
(AAF) integrat® OR parallel))))) AND (underwater* OR water* OR ocean* OR sea* OR abyss*
OR marine* OR river* OR lake* OR shore* OR sky OR swim* OR amphibious))
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(AAG)

(baluster* OR thruster* OR ((submarine®) near/2 (voyag* OR div*) ((underwater®) near/2
(div¥)) OR ((underwater* OR submerge* OR div*) near/2 (run* OR sail* OR navigat* OR
voyag® OR manag* OR operat*))) AND (underwater* OR water* OR ocean* OR sea*
OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR swim* OR
amphibious))

TR AILE HME JlE
(AAH)

((integrat* OR join* OR unit* OR ground*) near/2 (control OR manag* OR system* OR
manag” OR operat*))) AND (underwater* OR water* OR ocean* OR sea* OR abyss*
OR marine* OR river* OR lake* OR shore* OR sky OR swim* OR amphibious))

DAE/TE A
NAZ Tx 7]
(Aa)

((emergency near/2 (retun* OR comeback®)) OR monitor* OR gaz* OR observ* OR
secur®) AND (underwater* OR water* OR ocean* OR sea* OR abyss* OR marine* OR
river OR lake* OR shore* OR sky OR swim* OR amphibious))

=2 HolZ ¢zt
S ks

(ABA)

|

(HF OR VHF OR UHF (high* near/2 frequency*) OR ((long* near/2 distance®) OR
satellite* OR microwave* OR (low* near/2 latency*)) near/3 (communicat* OR
transmission OR  transmit* OR send*)) OR ULLRC) AND (underwater* OR water* OR
ocean* OR sea” OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR
swim* OR amphibious))

EE HOE I8
/L] S J1E
(ABB)

(wifi* OR LTE* OR (long* near/2 term*) OR ((middle* OR short*) near/2 distance®) OR

((loroad* OR wide*) near/2 (area* OR band*)) near/3 communicat*)) AND (underwater*

OR water* OR ocean* OR sea* OR abyss* OR marine* OR river OR lake* OR shore*
OR sky OR swim* OR amphibious))

== BEnE s e

(ABC)

((unlicense near/2 band)) near/2 (communicat* OR transmission OR transmit* OR
send’)) OR ((real* time*) near/2 (communicat* OR transmission OR transmit* OR
send’)) OR ((observ* OR data®) near/2 (transmission OR transmit* OR send*)) OR FPV
(((first* person)) near/2 view*)) AND (underwater* OR water* OR ocean* OR sea* OR
abyss* OR marine* OR river OR lake* OR shore* OR sky OR swim* OR amphibious))

=

TE EE Mo/HERE

x&2 Slgt

M 4 JlE
(ABD)

( ((optic* OR wireling) near/3 (communicat* OR protocol* OR transmission OR transmit*

OR send* OR manag* OR operat®)) OR ethemet) AND (underwater* OR water* OR

ocean* OR sea* OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR
swim* OR amphibious))

AR

B ]
Hae el
24 S41 712

(ABE)

(wireless* OR acoustic* OR sound* OR RF OR radio* frequency* near/2 (communicat*
OR protocol* OR transmission OR transmit* OR send* OR manag* OR operat®)) AND
(underwater* OR water" OR ocean* OR sea® OR abyss* OR marine* OR river* OR
lake* OR shore* OR sky OR swim* OR amphibious))

oVIE E4 FAE 9l
HolEglo| 7/

(ABR)

((heterogeneous™ near/3 (relay OR network* OR communicat*)) OR gateway OR routing

OR (packet* near/2 switching) OR (medium* near/2 access*)) AND (underwater* OR

water* OR ocean* OR sea* OR abyss* OR marine* OR river* OR lake* OR shore* OR
sky OR swim* OR amphibious))

ISHE =
(ABG)

((energy* near/2 efficient”) OR ((power* OR energy) near/3 (minimiz* OR consum* OR

save OR saving))) AND (communicat® OR RF (radio* frequency*)) AND (underwater*

OR water* OR ocean* OR sea* OR abyss* OR marine* OR river* OR lake* OR shore*
OR sky OR swim* OR amphibious))

S A

& A

o z|22ls 2l
ULLRC 7|&
(ABH)

(ULLRC OR (low near/2 (latency OR delay*)) OR ((transmission OR transmit* OR send”)

near/2 delay) OR (packet* near/2 forwarding)) AND (underwater* OR water* OR ocean*

OR sea* OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR swim* OR
amphibious))

Navigation Fusion 7|=
(ABI)

(IMU OR (inertial* near/2 (measure* OR motion*)) OR (inertial* near/2 guidance*) OR
INS OR ((inertial") near/2 (navigat*)) OR ((satellite”) near/2 (navigat*)) OR DVL OR
((doppler) near/2 (velocity)) OR AHRS OR ((attitude®) near/2 (heading)) OR USBL OR
((ultra®) near/2 (short*)) OR ((depth* OR hydraulic*) near/2 (pressure®)) OR ((relative®)
near/2 (path*)) OR acoustic* OR sound* OR locat* OR position* OR GPS OR
digiquartz OR ((transducer®) near/2 (navigat*)) OR ((water*) near/2 (depth* level*)) OR
coordinate”) AND (underwater* OR water* OR ocean* OR sea* OR abyss* OR marine*
OR river* OR lake* OR shore* OR sky OR swim* OR amphibious))
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28 | 328 228 =
& g g9l FoE | (underwater* near/3 (navigat® OR operat® OR manag®)) OR (obstacle* near/2 avoid®)
3l 42 OR ((path* OR course* OR route*) near/2 plan*)) AND (underwater* OR water* OR
A& Jls ocean* OR sea” OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR
(ACA) swim* OR amphibious))

Az 3718l B2 ((underwater* OR object* OR target* OR obstacle* OR ground* OR algae* OR
Taop( EA"O environment* OR motion) near/2 (monitor* OR imag* OR pictur* OR vision*))) AND
'_( A!CQE (underwater* OR water* OR ocean* OR sea* OR abyss* OR marine* OR river* OR

lake* OR shore* OR sky OR swim* OR amphibious))

(((autonomous* OR autonom* OR self* OR unmanned* OR unmaned* OR uninhabited*
OR manless* OR driverless* OR auto*) near/2 (driv: OR operat® OR run* OR mov* OR
ZZ == HMo] 7|& |motion)) OR ((attitude* OR posture*) near/2 control*) OR ((path* OR course* OR route*)

(ACC) near/2 (follow* OR leav* OR deviat* OR separat*))) AND (underwater* OR water* OR
ocean* OR sea* OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR
swim* OR amphibious))

Az mom MA JlE ((ultraso* near/2 sens®) OR (obstacle* near/2 detect’) OR ((path* OR course* OR
B J_E(IACDl)_ = route®) near/2 short®)) AND (underwater* OR water* OR ocean* OR sea* OR abyss*
OR marine* OR river* OR lake* OR shore* OR sky OR swim* OR amphibious))

((map* OR database*) and (composite* OR (large* scale*) OR global* (navigat* near/2
o sens*) OR Landmark* OR ((local* OR regional*) near/2 feature*) OR (vision* near/2
SR AN TS SLAM) OR (error* near/? correct*l))) AND (underwater* OR water* OR ocear]* OR sea*

OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR swim* OR
amphibious))

3Rl S MEX|E  |(map* OR database®) and ((path* OR course* OR route®) near/2 (planning OR creat*

sqope 78t 222 %X ZZ|OR investigat* OR optimum* OR short"))) AND (underwater* OR water* OR ocean* OR
c2 Zg= EMY Tl sea” OR abyss* OR marine* OR river" OR lake* OR shore* OR sky OR swim* OR
Jle (ACF) amphibious))
(AC) . - - ;
((camera* OR photo* OR picture* OR fim*) and ((object* near/2 (recogni* OR aware*

=4 e Jl= OR percept’) OR (kalman* filter*) OR (object* near/2 classifi*) OR (deap* learning) OR
(ACG) (convolution* near/2 neurual®))) AND (underwater* OR water* OR ocean* OR sea* OR
abyss* OR marine* OR river* OR lake* OR shore* OR sky OR swim* OR amphibious))

01|A1o-_‘/,\- /_g'j ?_1-'_*,- (((dynamic* OR geometry* OR mov*) near/2 (recogni* OR aware* OR percept*)) OR

=sS olst A1 BHA ((dynamic* OR mov*) OR object’) OR (sens* near/2 (convergence®))) AND (underwater”
< ol :I 7%“ == |OR water* OR ocean* OR sea* OR abyss* OR marine* OR river* OR lake* OR shore*
N OR sky OR swim* OR amphibious))

((locat* position) near/2 (estimat* OR assum* OR presum*)) OR localization OR
Js < | modeling) AND (underwater* OR water* OR ocean* OR sea* OR abyss* OR marine*
= OR river* OR lake* OR shore* OR sky OR swim* OR amphibious))

Sl2il 7|t u|al/ak ((reinforcement* OR behavior*) near/2 learning) OR ((decision®) near/2 making*) and

_ (flight* OR fly* OR voyage* OR sail)) AND (underwater* OR water* OR ocean* OR

sea” OR abyss* OR marine* OR river* OR lake* OR shore* OR sky OR swim* OR
amphibious))

=X sl4olM CES 2F|((real” near/2 plan*) OR (mission* near/2 (change* OR switch*))) AND (underwater* OR
x|N3g 7= water* OR ocean* OR sea* OR abyss* OR marine* OR river* OR lake* OR shore* OR
ACK) sky OR swim* OR amphibious))

B} ((mission* near/2 (description OR describ* OR language)) OR ((goal* OR  purpose)
357%0_' near/2 (sort* OR plan* OR choice* OR priorit* OR sequenc®))) AND (underwater* OR
ACL) water* OR ocean* OR sea* OR abyss* OR marine* OR river* OR lake* OR shore* OR
sky OR swim* OR amphibious))
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©EE R 7E 75 A E S Vs oESE B8 EHE Vs del =
 FFL AWE A, 7hH FEF BE AT =8 w9 A5} Sk 9
@ R BFolA FFole Il A& o g o|FojXaL glow Eihs| A &
T gl Hofg)
| £ 2-631 23} SCI =2E2A ZAA (ZE ZMAD A5 24
ez | 328 ags 2]
) (operat* OR manag* OR navigat® OR monitor* OR consol OR track*
A2 22 A|IAH! | OR information OR alert* OR alarm* OR diagnos* OR control*) AND
= J|lE (underwater* OR water* OR ocean* OR sea® OR abyss* OR marine*
(AAA) OR river* OR lake* OR shore* OR sky OR swim* OR amphibious))
=2 =4
oo E2l2 /gt A& 2| ((imag® OR pictur* OR vision* OR camera* OR screen* OR video*)
Jle o|0|X| M2| 7= near/3 (process® OR handl* OR analys* OR data* OR informat*))
(AA) (AAB)
oyl ((autonomous* OR autonom* OR self* OR unmanned* OR unmaned*
2y ;l " OR uninhabited* OR manless* OR driverless* OR auto®) near/3 (driv*
X c;:a” ;l’\ OR operat* OR run* OR mov* OR motion)) OR intelligen* OR Al OR
= (;AE) = (artificial* near/2 intelligen®) OR ((attitude* OR posture®) near/2 control*)
slop Px2 OR (machine* near/2 learning)))
3‘4_ e s (communicat* OR antenna* OR antena® OR sonar OR bluelaser) AND
= oo ;}c\’l s (underwater* OR water* OR ocean* OR sea* OR abyss* OR marine*
E{-lﬁ%‘% S (:B;\) = | OR river* OR number* OR lake* OR shore* OR sky Or swim* OR
25t Chls amphibious))
"‘)'\—1 TS (locat* OR position* OR GPS OR acoustic* OR sound* OR DVL OR
A0k
TEOOO =l ((doppler near/2 velocity) near/2 log) OR AHRS OR ((attitude* near/2
—_ A -

—':l 7IE =4 heading) near/2 reference”) OR USBL OR ((ultra near/2 short) near/2
= e TP A~z xo| & base*) OR IMU OR ((inertial near/2 (measure* OR motion)) near/2 unit)
A (AB) e (;BTB) = OR (inertial near/2 guidance) OR INS OR ((inertial near/2 navigat*)

near/2 system) OR ((depth OR hydraulic) near/2 pressure) OR (relative

near/2 path)) AND (underwater* OR water* OR ocean* OR sea* OR
abyss* OR marine* OR river* OR lake* OR shore* OR sky OR swim*
OR amphibious))

(platform* OR structur* OR constitution OR design* OR shape OR ((fix*
a1 ~ATote C= OR variable OR rotor OR rotary) near/2 wing®) OR (rotor near/2 hybrid)
oo =z s OR (pressure near/2 resistant®) OR waterproof* OR (water near/2
;; EJ(\A:IC " = proof) OR (drag* near/2 force®)) AND (underwater OR water* OR

E_E; = ocean” OR sea” OR abyss* OR marine* OR river* OR lake” OR shore*

=2 A3 P 0o

Jla OR sky OR swim* OR amphibious))

(AC) o= HiE2| 7|&| (batter OR ((energy* OR power*) near/2 stor*) OR (hybrid* near/2
(ACB) (power near/2 pack®))
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~ (BEEHIHZ) (|EFR AR M T D) (EFRATH|H|E)
T gxpE 30,414,466 1,128,662 252,995
letelof 10,900,174 896,102 257,202
INREAD 14,262,184 599,201 94,780
MAN|(EE2 ) 405,255 17,526 4,399
2T 55,982,079 2,641,491 609,376
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S0t TS U siet B DUERIS 903 Tl SH ATUR £2 7|2 7SR
2] Al o3t HrkA] A& "Helo) ot wie- & S 1T o Frprt
3 A2 W) Frol e fo BRI U
I E 4-41 S7pt% 25 el 2uza}
(Erel: i)
X Xl
ot | u= = i;Hr;lrx: =9 iiﬂj Sl =
I B Y I 71
1 2017 0
2 2018 0
3 2019 0
4 2020 0
5 2021 0
6 2022 1,350 1.88 3,700 7 48 92 35.48
7 2023 1,598 223 39,900 56 5792 39.82
8 2024 1,893 264 47,300 66 68.66 4474
9 2025 2,243 3.13 56,100 78 8143 50,29
10 2026 2,658 3.71 66,400 93 96.39 56.43
11 2027 2,658 3.71 6,400 93 96.39 53.49
12 2028 2,658 3.71 66,400 93 96.39 50.70
13 2029 2,658 3.71 66,400 93 96.39 48.05
14 2030 2,658 3.71 66,400 93 96.39 4555
15 2031 2,658 3.71 66,400 93 96.39 4318
16 2032 2,658 3.71 66,400 93 96.39 4092
17 2033 2,658 3.71 66,400 93 96.39 38.79
18 2034 2,658 3.71 66,400 93 96.39 36.77
19 2035 2,658 3.71 66,400 93 96.39 485
20 2036 2,658 3.71 66,400 93 96.39 33.03
SHA| 36,322 51 907,400 1,266 1,317 652
N ] e s d g e By
— A3tk vpel o] vl 8@t H o8 M-S How AT v Q] HeJfE o=
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Gish(2004)= AUV Recharging System¢] t$t Q& ZA ZAFE AJA
(military market)®} A4 AlA(commercial market) &2 LE3}o] H|-E 71}
X (cost—effectiveness analysis)o]] &3t AA A elFAAS EA43H

— AR AR 2 SoF AR, Al AT Fell, e ERF 59 A%
S 3 A A AL o dm) ZpAARY] ) AT RAL SfjoF st W R
59 9%y

— A gl oigt AluhE] 2ot 7S o 28 HAFY AUV AluE| L= F
Al Aot ZHA M| A e & § o) o] REMUS AUV7ZE 13]0f] 797 A &2 082 Aut
slokstar, Az 208 WA Sk AL ol AUTH(LCS)7F BiEALo|E

oANA 10 mhd HojRl oA Auaforgt. LCSO| 1UT +FH]= $38,3560]1L
T+=3%H(destroyer DDG—-51)9] 1Y &<H]| $71,2331} H]E’_% REMUS9| A|7t
= PH= $1800]aL, v]AdS 33t fEiA 2t AUVE &-83tal, 242 i d
HAZE 2R o] Aues 4% AFAN2ULES F ool mobile
tanker AUV(10%9] HE7H3] 7PA)2 AHS3H LCS S o2 go]7] o
of 2LEA w. wAAT =G 7R (@A Al M2 vg FA 7}
A9} tanker A|AEJO| A Q] Bl AAY7FA] Q] 2Fo])= $19.83M(SF 200919)), =,
A4 A28 B8] 34658 AR BT 249,

| ¥ 4-51 2AE HIE-21Hd ALE|2 & 71

s =5l REMUS o7t Tanker AUV | Tanker Tanker LCS sto|

=T oz =] el Z|SH| MH|AT|Z =H| =H| So=

ot 7 $180/hr 20g] $3M 104 $500/hr | $38,356/day| 2.1%
Z) 1. RMUS: Remote Environmental Monitoring Units System

2. LCS: Littoral Combat Ship
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- Higk 2= F Hos Y o FUHA &
Sl

V. Al EfEd 24

[

% rﬂ 113}1:1 o}qa_ u]_Q_x47L\ Q_]E
Aol et o2 B4R Ql 2Rl tiet 19] Auket vp7RA = NPV(:
AA7EA]) 65099, B/C ratio(He]/H|-g B]&) 3.89, IRR(HF-+2E) 28.9%
2 o] Ardof iRt AAlde] vl F.

e TEHRTIX|(NPV) HoMH|E HI% N S Ral]

() (B/C ratio) (RR)

CHot 1 450 297 23.4%

CHot 2 650 3.89 289

| & 4-81 Zxd 2M2 st ®nt HIEC SE

o} =LH =2| %{FZP"I HI*_S* 20| zuj2 Tme e
AFFR | AERe | aswel | EZEY Chet) | (cher)
0 0 0
1 0 0 0 0 0 35 -35 -35
2 0 0 0 0 0 36 -36 -36
3 0 0 0 0 0 38 -38 -38
4 0 0 0 0 0 40 -40 -40
5 0 0 0 0 0 31 -31 -31
6 1,350 33,700 4892 2604 | 7496 4892 | 7496
7 1,598 39,900 5792 2604 | 8396 5792 | 8396
8 1,893 47,300 68.66 2604 | 9470 | 2000 | 4866 | 7470
9 2,243 56,100 8143 2604 | 10747 8143 | 10747
10 2,658 66,400 96,39 2604 | 12243 9639 | 12243
11 2,658 66,400 96,39 2604 | 12243 | 2000 | 7639 | 10243
12 2,658 66,400 96,39 2604 | 12243 9639 | 12243
13 2,658 66,400 96,39 2604 | 12243 9639 | 12243
14 2,658 66,400 96,39 2604 | 12243 | 2000 | 7639 | 10243
15 2,658 66,400 96,39 2604 | 12243 9639 | 12243
16 2,658 66,400 96,39 2604 | 12243 9639 | 12243
17 2,658 66,400 96,39 2604 | 12243 | 2000 | 7639 | 10243
18 2,658 66,400 96,39 2604 | 12243 9639 | 12243
19 2,658 66,400 96,39 2604 | 12243 9639 | 12243
20 2,658 66,400 96,39 2604 | 12243 | 2000 | 7639 | 10243
36,322 | 907,400 1317 39062 | 17078 | 2800 |103720 | 14278
SIxIIR| B 652 200 852 219 450 650
L4~2|Z(RR) 234% | 289%
HolH|2 H|Z(B/C ratio) 297 3.89
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D UgE B4 Av
@ o9 EEARS B tigt Bt
- o9 EEAEY B R e d9 e e HAY 4 7] "ol
2 A oA = a9 AR FrARE WS 53 2 50%= AT
5ol digt AAA g AE7HE
— XA EIpA] FE HYE 7|2 50%= HASH F9-o 24 Aut

HH-NPV(=@ A 7HX]) 1369, B/C ratio(H2]/H]-& H]E) 1,67, IRR(HH52]

) 13.0%, tQr2-NPV (=&

A 74]) 336, B/C ratio(He}/H]E H|E) 2.66,
AL FHTH £~ QS

IRR(HHF=2E) 20.9%2 o3| o] Aol digh FAAES &
152 491 2IZE EMZAD 1612 ESAIEL S&Hald Zeth AHlo|a
o THXIZER|(NPV) HoM|E HE LiEolE
= (1) (B/C ratio) (IRR
CHot 1 136 167 13.0%
CHot 2 336 266 20.9%
@ AR Ygdsel Batoel ot B}

~ e otEof AT e ohat Agake +H (A WEUa) e BA

= [e) ;‘(jl

A7) Hoh AH gS 5 g, St rde] dur 9 g37]e] Wed
& F AAVIN 99 S V)ZoR 3 Ao BAAT toh- NPV(EEA7HA)
23794, B/C ratio(He/H]-E& H|&) 2,18, IRR(HFEFYE) 20.5%,
2-NPV(=da A 7}#]) 376214, B/C ratlo(é‘l}/‘ﬂ]—g— H|-&) 2,88, IRR(IJ}H*M
E) 26.7%% o3| o] Aol tigt AAEE FET 5 U

| 2 4101 2z 2MZ 2AFHA U4l E5H4 2ot #ojA

o THXIZER|(NPV) HoM|E HE LiEolE

= (e12) (B/C ratio) (IRR
CHot 1 237 218 205%
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Hiodo| o3 Hybrid remotely/autonomously operated underwater vehicle
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Disclosed is an underwater
vehicle that can be operated as
a remotely operated vehicle
(ROV) or as an autonomous
vehicle (AUV). The underwater
vehicle has a tether, which may
be a fiberoptic cable, that
connects the vehicle to a
control console, The underwater
vehicle has vertical and lateral
thrusters, pitch and yaw control
fins, and a propulsor, all of
which may be wused in an
ROV-mode when the underwater
vehicle is operating at slow
speeds. The underwater vehicle
may also be operated in a
AUV-mode when operating at
higher speeds. The operator may
switch the vehicle between
ROV-mode and AUV-mode, The
underwater vehicle also has a
fail-safe mode, in which the
vehicle may navigate according
to a pre-loaded mission plan if
the tether is severed.

1. An underwater vehicle, comprising: a
tether; a communications device coupled to
the tether; an ROV controller that controls
the underwater vehicle according to an
ROV-mode; an AUV controller that controls
the underwater vehicle according to an
AUV-mode; and an ROV/AUV mode switch
that switches the underwater vehicle between
the ROV-mode and the AUV-mode.
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1. A system for broadband wireless access
The present disclosure describes communication between ground terminals and a

the system and methods for
providing  broadband internet
access to homes and enterprises
using a network of aerial
platforms such as
drones/UAVs/balloons, The drone
communication system is
composed of an antenna
sub-system, a radio sub-system
and a data switching sub-system.
Drones form and point beams
toward ground terminals in
different areas in a space
division multiple access scheme.
Ground terminals are composed
of an antenna sub-system and a
radio sub-system. Ground
terminals search for the drone
from which they receive the
strongest signals. Drone and
ground terminals comprise of
methods and systems to
calibrate receive and transmit
antenna elements. Drone radio
sub-system keeps track of the
drone's position and orientation
changes and adjust drone's
antenna beam accordingly to
point to the same location on
the ground as the drone moves.
Depending on the changes in
drone's position and orientation,
the drone radio sub-system may
switch the antenna aperture
and/or the antenna fixture that
is used to form a beam toward
a specific ground terminal.
Drones communicate with the
terminals using a space and time
division multiple access scheme.

network of one or more aerial platforms, comprising:
at least one antenna fixture on each aerial platform
capable of generating at least one beam toward the
ground, forming beams toward terminals located in a
wide area on the ground:at least one radio sub-system
on each aerial platforms with a receiver for
demodulating and decoding signals received from the
ground terminals, a transmitter for modulating data
and transmitting the modulated signals to ground
terminals through at least one aerial platform antenna,
sending at least one pilot signal to ground terminals,
and controlling and configuring the aerial platform
antenna to form beams in specific directions;at least
one aerial platform switching sub-system  with
capability to switch data received at the aerial
platform from one set of terminals on the ground to
another set of terminals; an antenna sub-system at
the ground terminal with capability to point beams
toward specific aerial platforms; anda radio sub-system
at the ground terminal with a receiver for
demodulating and decoding signals received from
aerial platforms, a transmitter for modulating ground
terminal data and transmitting the signals to aerial
platforms through the ground terminal antenna,
sending at least one pilot signal to aerial platforms,
and controlling and configuring the ground terminal
antenna to from its beam toward aerial platforms.
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A system for monitoring a
remote underwater location using 1. A system for monitoring a remote underwater
an unmanned underwater vessel location using an unmanned underwater vehicle, the
(5). The system includes an system including: an unmanned surface vessel,a
unmanned surface vessel (8), a communication  unit for submerged location
communication unit 7 for connected to the unmanned surface vessel,
submerged location and connected whereinthe unmanned surface vessel has a position
to the unmanned  surface vessel tracking and control system for controlling the
(8) and in which the unmanned position of the unmanned surface vessel on a body
surface  vessel has a position of water and relative to the unmanned underwater
tracking ~ control  system  for vehicle; the communication unit has a first wireless
controlling the position of that communication arrangement for communication with
vessel on a body of water and the unmanned underwater vehicle, and a second
relative to the unmanned wired communication arrangement for
underwater  vehicle (5).  The communication with the unmanned surface vessel,
communication unit (7) has a first and the unmanned surface vessel has a third
wireless communication communication arrangement for communication with
arrangement  for  communication an operator or observer remote from the
with the unmanned underwater unmanned surface vessel and the unmanned
vehicle, a second wired underwater vehicle, wherein the three
communication  arrangement  (10) communication arrangements are arranged in series
for  communication  with  the such that, in use, the operator or observer may
unmanned surface vessel and the communicate  with  the  unmanned/autonomous
unmanned surface vessel has a underwater vehicle via the unmanned surface vessel,
third  communication arrangement the wired connection between the unmanned surface
for  communication  with an vessel and the communication unit, and the
operator or observer (1) remote wireless connection between the communication unit
from the unmanned surface and the unmanned underwater vehicle.
vessel and the unmanned
underwater vehicle. The three
communication  arrangements are
arranged in series such that, in
use, the operator or observer
may communication with  the
unmanned/autonomous underwater
vehicle via the unmanned surface
vessel, the wired connection
between the unmanned surface
vessel and the communication
unit, and the wireless connection
between the communication unit
and the unmanned underwater 5
vehicle
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A  method of generating a
model of propulsive efficiency
for an autonomous underwater
vehicle (AUV) is based on a
multilayer perception neural
network model using data from
aquatic species, such as
undulatory fin propulsion in the
knifefish (Xenomystus nigri), and
a sensitivity analysis is used to
lower  the number of required
inputs. The model of propulsive
efficiency allows an AUV to
achieve high values of
propulsive efficiency over a
range of forward velocity, giving
a lowered energy drain on the
battery. In an embodiment,
externally monitored information,
such as that on flow velocity, is
conveyed to an apparatus
residing in the vehicle's control
unit, which in turn signals the

locomotive unit to adopt
kinematics, such as fin
frequency and amplitude,
associated with optimal
propulsion efficiency. Power
savings could protract vehicle
operational life and/or provide

more power to other functions,
such as communications.

1. A method of determining the propulsive
efficiency of an underwater vehicle in
operation comprising the steps of: providing
data representing a plurality of parameters
from measurements of one or more aquatic
species over a variety of swimming speeds;
training a neural network for propulsive
efficiency over a range of velocities utilizing
said data; computing a sensitivity of one or
more of said parameters to propulsive
efficiency; selecting a subset of said
parameters based on the results of said step
of  computing;developing a model  of
propulsive efficiency utilizing said subset of
said parameters; implementing said model of
propulsive efficiency in a control apparatus;
using said control apparatus in real time to
compute the propulsive efficiency of an
underwater vehicle while in operation over a
range of velocities wherein the largest and
smallest velocities have a ratio of 10 to 1 or
greater,

30

32
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The proposed method
outlines a new  control
mechanism  well-suited  for
small, unmanned aerial
vehicles traversing in a
GPS-denied areas. It has the
strong advantage of
simplifying the interface, so
that even an untrained
operator can handle the
difficult, dynamic problems
encountered in closed
quarters, The proposed
system seamlessly integrates
point-and-click control with
way-point navigation, in an
intuitive interface, An
additional advantage of the
proposed system is that it
adds minimal hardware to the
payload of the UAV, and can
possibly, strongly diminish the
bandwidth and delay effects
of the communication
channel.

1. A control system device comprising: a
teleoperated vehicle; an omnidirectional camera
or wide field of view mounted on the vehicle; a
3D display worn by the operator to visualize
video or a sequence of images collected by the
vehicle; a communication mechanism between
the vehicle and the operator; and a display
overlay that indicates to the operator the desired
goal location of the vehicle,

102

Fig. 1c
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Hioyo| oy Management system for unmanned aerial vehicles
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1. A method for managing a flight of an
aircraft, the method comprising: monitoring for
conditions in an environment around the
aircraft during the flight of the aircraft on a
route having a number of target points;
responsive to detecting a condition requiring a
change to the route of the aircraft, identifying
current resources for the aircraft; determining
whether changing the route reduces the
number of target points that can be reached
based on the current resources for the
aircraft; and responsive to a determination that
changing the route reduces the number of
target points that can be reached, changing
the route to include a portion of the number
of target points using the condition and a

policy.

A method and apparatus for
managing a flight of an
aircraft.  Conditions in an
environment around the
aircraft are monitored during
the flight of the aircraft on a
route having a number of
target points. In response to
detecting a condition requiring
a change to the route of the
aircraft, current resources for
the aircraft are identified. A
determination is made as to
whether changing the route
reduces the number of target
points that can be reached -
based on the current resources (JL i
for the aircraft. In response to m\.|'f A
a determination that changing
the route reduces the number
of target points that can be
reached, the route is changed
to include a portion of the
number of target points using
the condition and a policy.
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(ocean wireless communication apparatus with sectored antenna
structure and method thereof)
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