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System, apparatus, and method for the measurement, collection, and
analysis of radio signals utilizing unmanned aerial vehicles
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. A system comprising:a transport host device; anda scanning device
connected to the transport host device,wherein the scanning device
autonomously collects radio data from at least one wireless network,wherein
the transport host device, autonomously or via remote control, transports
the scanning device to target locations that enable the scanning device to
collect the radio data from the at least one wireless network,wherein the
scanning device dynamically generates a flight path or a secondary flight
path for the transport host device based on the radio data and an analysis
thereof,wherein the analysis of the radio data includes generating an RF
three—dimensional model representing the radio data and identifying at least
one gap in the three—dimensional model, andwherein dynamically generating
the secondary flight path includes identifying the target locations
corresponding to the at least one gap and instructing the transport host
device to return to the target locations corresponding to the at least one
gap for the scanning device to re—collect the radio data until the at least
one gap is reconciled.
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Sensor—based controllable LED lighting system with repositionable
components and method
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1. A lighting system comprising:a movement system comprising a
repositionable, vertically adjustable and rotatable panel;a light source
mounted on the panel to emit light in a spectrum, the panel being

repositionable via the movement system;one or more sensor to detect a
condition of an environment and track an object in the environment; anda
controller comprising a processor and a memory to execute electronic logic

communicably connected to the movement system, the light source, and
the one or more sensor,the controller controlling characteristics of the light
emitted by the light source, wherein the characteristics comprises color and
light intensity;wherein, the controller receives signal information from the
one or more sensors upon detection of the tracked object, the controller
controls the movement system in response to the signal information to
illuminate the tracked objectwherein settings are programmable to the
memory by the controller relating to operation of the movement system and
the light source, the settings being retrievable from the memory to be
executed by the controller and affect operation of the movement system
and the light source;wherein the panel is selectively manually repositionable
independent of the settings;wherein the panel is vertically adjusted in order
to affect a proximity to the tracked object being illuminated by the light
emitted by the light source.
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Method for the intuitive piloting of a drone by means of a remote control
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1. A method for piloting, by means of a remote control apparatus, a rotary
wing drone with multiple rotors driven by respective motors that can be
controlled in a differentiated manner to pilot the drone attitude—wise and

speed-wise, comprising the following steps:by the apparatus (16):inclination
of the apparatus according to the pitch (32) and roll (34) axes of this
apparatus, and production of corresponding inclination signals (?1, ?1);

andtransformation of these inclination signals of the apparatus into piloting
commands and sending of these commands to the drone, andby the drone
(10):reception of the piloting commands and generation from these
commands of setpoint values (?d, ?d) for a drone motor control loop,
these setpoint values being suitable for controlling the attitude of the drone
according to the pitch (22) and roll (24) axes of the drone,wherein this
method comprises the following additional steps:acquisition of first
orientation data (?iP) of a local reference frame linked to the apparatus
(XIY1Z1) in relation to an absolute reference frame linked to the ground
(XNEDYNEDZNED);acquisition of second orientation data (?drone) of a local
reference frame linked to the drone (XbYbZb) in relation to said absolute
reference frame (XNEDYNEDZNED);computation of a relative angular
orientation datum (?7?) of the drone in relation to the apparatus, from said
first and second orientation data; andrealignment of the reference frame of
the apparatus on the reference frame of the drone, by application to the
piloting commands of a rotation that is a function of said relative angular
orientation datum, so as to thus produce realigned setpoint values
according to the pitch and roll axes of the drone which are a function of
the inclinations, applied to the apparatus by the user according to the pitch
and roll axes thereof, considered in the local reference frame linked to the
apparatus and no longer in that linked to the drone.

=]

010

o
4

21

- 128 -




ADE of& 22 =5us S5l#Hs | US201302211
Rxs CEAsl | OS2 oosie
EE JI|§ (Baima) US13/407692 | ST En
T?:in?;)aerl;g S | 2012.02.28 | 2HY | 2013.08.29

Configurable pod structure and store stowage and deployment system and
method
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In one embodiment there is provided a radar signature and induced
aerodynamic drag minimizing, externally mountable, internally configurable
pod structure optimized for internal placement of one or more deployable
stores through configuration and optimal kinematic operation of a pod door
assembly. The pod structure has an externally mountable pod housing, a

predetermined pod housing cross—sectional configuration optimized to

provide a configurable interior volume accommodating multiple different
store configurations, and a predetermined pod housing configuration having
a cross—sectional configuration optimized to minimize a radar signature and
an induced aerodynamic drag. The pod structure further has a pod door
assembly integral with the pod housing and having a plurality of pod doors
and one or more seal door mechanism assemblies. The pod structure is

optimized in kinematic operational combination of the pod doors and seal

door mechanism assemblies controlling ejection launch envelopes.
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1. An externally mountable pod structure comprising:an externally mountable
pod housing comprising:a configurable interior volume configured to contain
one or more deployable stores;a pod housing configuration having a
cross—sectional configuration optimized to minimize a radar signature and
optimized to minimize an induced aerodynamic drag; and,a pod door
assembly integral with the pod housing and comprising a plurality of pod
doors comprising at least two main doors and at least two seal doors, and
further comprising one or more seal door mechanism assemblies, each seal
door mechanism assembly coupling each main door to each seal door, and
coupling each main door and each seal door to the pod structure, and
when each seal door mechanism assembly is in a closed position, each
seal door mechanism assembly holds each seal door against a pod
structure skin, wherein the seal door mechanism assemblies operationally
linked to the pod doors provide in an open position a clearance
independence such that if a store ejector device fails to deploy the one or
more deployable stores coupled to the store ejector device, no trapped
deployable stores occur within the pod structure.
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Method and system for an emergency location information service (E-LIS)
from unmanned aerial vehicles (UAV)
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1. A method for locating a network device during an emergency with an
emergency information system (E-LIS), comprising:receiving on a server
application on a server network device with one or more processors a
wireless emergency message or a text—-to—911 message from a mobile
application on a first mobile network device with one or more processors
via a wireless communications network indicating an emergency event has
occurred with the first mobile network device;sending a wireless emergency
location request message from the server application on the server network
device via the wireless communications network to an unmanned aerial
vehicle (UAV) with one or more processors flying over a geographic area
including the first mobile network device:receiving on the server application
on the server network device via the wireless communications network from
the UAV a wireless emergency location response message including a
current set of 3D (X,Y,Z) geo—space coordinates or 2D (X,Y) geo-space
coordinates for the first mobile network device;determining on the server
application on the server network device with the current set of 3D (X,Y,Z)
geo-space coordinates or 2D (X,Y) geo—space coordinates a current
physical geographic location for the first mobile network device; andsending
an emergency response message or a 911-to-text message including the
determined current physical geographic location for the first mobile network
device from the server application on the server network device via a
second communications network to a desired emergency response server
with one or more processors.
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Apparatus and methods for tethered aerial platform and system
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1. AN ETAP drone system comprising: a drone having a propulsion system,
a flight stabilizer system, an air payload interface unit, and a camera
system, wherein the camera system includes a camera stabilizing unit; a
ground support system to which the drone is detachably coupled through a
tether unit, said tether unit providing electrical power to the propulsion
system; a ground payload, power and interface unit for receiving and
transmitting command and telemetry information to the air payload interface
unit through the tether unit; and a controlling device for controlling the
propulsion system and the camera system through the tether unit; and
further comprising: a winch operatively coupled to the tether unit and a
winch control system configured to receive command information to ensure
that the tether unit does not become entangled with objects foreign to an
operating environment; in which the winch control system includes a
constant slip ring apparatus that enjoins a spinning side and a stationary
side together.
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System for determing and controlling inertial attitude, for navigation, and for
pointing and/or tracking for an artificial satellite employing and optical
sensor and a counter—rotational optical mirror, and terrestrial-based testing
system for assessing inertial attitude functions of an artificial satellite
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1. A pointing and/or tracking system, comprising:a spinning artificial
satellite; anda launch mechanism adapted to launch the artificial satellite so
as to spin about a spin axis;wherein the artificial satellite includes:an optical

sensor having a field—of-view parallel or substantially parallel to the spin
axis;at least one of a microwave tracking device, a radiation—tracking
device, a microwave—pointing device, and a radiation—pointing device, each
of said devices having a field—of-view oriented generally opposite the
field—of-view of the optical sensor; andan optical mirror that is
counter—rotational about the spin axis of the artificial satellite for stabilizing
a line—of-sight communication link in inertial space between said at least
one microwave tracking device, radiation—tracking device,
microwave—pointing device, and radiation—pointing device and a target, the
target comprising one or more terrestrial locations or one or more artificial
satellites, the optical mirror controllable to direct a signal on the line of
sight to or from the target.
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Customer—controlled instant-response anti-fraud/anti—identity theft devices
(with true—personal identity verification), method and systems for secured
global applications in personal/business e—banking, e—commerce,
e—medical/health insurance checker, e—education/research/invention,
e—disaster advisor, e—immigration, e—airport/aircraft security, e-military/e—law
enforcement, with or without NFC component and system, with
cellular/satellite phone/internet/multi-media functions
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1. Devices for electronic multi-functional telecommunications, specially
dedicated as customer—controlled instant-response anti—fraud and
anti—identity theft wireless mobile phones or tablets or PDAs with secured
accurate true—personal identity verification, having built—in integrated internal
and external components, electrical power supplies with voltage control and
electrical power distribution means, data/information reception, and
transmission means, recording, storage, retrieval and audio-visual display
means, input and output means and controls, analyzer means, language
translation interactive means, time and calendar and timer means,
data/information audio—visual display means, alert or alarm means,
messaging means, monitoring means, GPS means, accelerator means, and
with or without built—=in NFC means, magnetic card swiping means, and
magnetic stripe reader means, audio and audio-visual capture means,
data/information input, and output means, means for PIN/password and
biometric scanning and capture and input and output, storage and retrieval
means, data/information analytical matching and comparator means, imaging
means, microphone and speaker means, microprocessor means for
processing data/information and program applications.
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1. A remote asset management system comprising: at least one
programmable wireless module, each having an antenna and an
identification module and configured to communicate via a radio
communication protocol; a plurality of assets each linked to one of the
programmable wireless modules; a remote system server service platform

configured to receive remote asset data from at least one of the
programmable wireless modules, pass the remote asset data to and from
the wireless modules, send messages to at least one of the programmable
wireless modules, monitor the programmable wireless modules by requesting

and receiving current mode information, and remotely program the

programmable wireless modules to control an operational status of the
linked assets; and a data processing module located within the at least one
programmable wireless module and configured to process messages
received by the programmable wireless module, authenticate whether said
message was sent by a permitted server service platform, analyze
authenticated messages, and carry out asset management instructions
included in the message, thereby controlling the operational status of the
linked asset.
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1. A pump control and management system comprising: a sump pump
adapted for pumping water out of a sump pit; a level sensing assembly
positioned within the sump pit for detecting a level of water in the sump

pit, and a control assembly operationally coupled to said sump pump, said
control assembly being operationally coupled to said level sensing
assembly, said control assembly activating said sump pump when said level
sensing assembly signals that water in the sump pit has reached a
predetermined level; and wherein said control assembly periodically performs
diagnostic tests of said sump pump to determine operability of said sump
pump, said diagnostic tests includes periodic activation of said sump pump
and monitoring of current drawing by said sump pump, no current being
drawn indicating an open motor or electrical connection failure, initial high
current consumption indicating potential binding of an impeller of said sump
pump, continuous high current indicating a locked rotor, said control
assembly providing a user alarm for each one of no current, initial high
current, and continuous high current results of said diagnostic tests.
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1. A pump control and management system interfaced with a conventional
information handling system and operationally coupled to a sump pump
comprising: a level sensing assembly positioned within the sump pit for
detecting a level of water in the sump pit; a control interface program

operationally interacting with the conventional information handling system,
said control interface program being operationally coupled to the sump
pump through the conventional information handling system, said control

interface program being operationally coupled to said level sensing
assembly through the conventional information handling system, said control
interface program activating the sump pump when said level sensing
assembly signals that water in the sump pit has reached a predetermined
level; and at least one local sensor for detecting a water level outside of
the sump pit, said local sensor being operationally coupled to said control
interface program through the conventional information handling system.
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Method and system for drone deliveries to vehicles in route
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1. A system comprising:a server configured to:communicate, by way of a
network, vehicle information with a vehicle transceiver of a vehicle moving
along a vehicle route, wherein the vehicle information at least includes a
vehicle location, andcommunicate, by way of the network, drone information
with a drone transceiver of a drone moving along a drone route, the drone
transceiver including a coarse—grain transceiver for communication with the
network and a fine—grain transceiver for communication with the vehicle

location, wherein the coarse—grain transceiver of the drone transceiver is
configured for cellular communication with the network to rendezvous with
the vehicle and the fine—grain transceiver of the drone transceiver is
configured for direct wireless communication with the vehicle transceiver to
engage a docking station; anda computing device with a memory and a
processor configured to:communicatively connect with the server,process
the vehicle information and the drone information,identify a plurality of
pickup locations based in part on the vehicle information and drone

information,select at least one of the plurality of pickup locations based in
part on a priority score associated with a travel time to or wait time for

each of the plurality of pickup locations, andupdate the drone route based
in part on the selected pickup location and the vehicle location relative to

transceiver, wherein the drone information at least includes a drone

the drone location.
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1. A speaker system comprising: a cabinet in which a sealed chamber
sealed from outside air is formed in at least a portion of an interior
chamber of the cabinet; a speaker unit provided in a first opening formed
in the cabinet; an adsorption member, disposed in the sealed chamber of
the cabinet, for physically adsorbing gas in the sealed chamber; and a
variable mechanism, provided in a second opening, different from the first
opening, formed in the cabinet, for varying a volume of the sealed chamber
of the cabinet in accordance with at least a pressure variation of a direct
current component, the pressure variation occurring in the sealed chamber,
wherein the variable mechanism includes a plate member, and a supporting
member, fixed on the second opening, for supporting the plate member
such that the plate member is capable of being displaced in a direction in
which the volume of the sealed chamber increases or decreases, wherein
the interior chamber of the cabinet is formed only by the sealed chamber,
wherein the plate member of the variable mechanism is displaced, more
easily than a diaphragm of the speaker unit, in accordance with at least the
pressure variation of the direct current component, the pressure variation
occurring in the sealed chamber, in the direction in which the volume of
the sealed chamber increases or decreases, and wherein a resonance
frequency of the variable mechanism is lower than that of the speaker unit.
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System, apparatus, and method for the measurement, collection, and
analysis of radio signals utilizing unmanned aerial vehicles
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1. A system comprising:a transport host device; anda scanning device
connected to the transport host device,wherein the scanning device
autonomously collects radio data from at least one wireless network,wherein
the transport host device, autonomously or via remote control, transports
the scanning device to target locations that enable the scanning device to
collect the radio data from the at least one wireless network,wherein the
scanning device dynamically generates a flight path or a secondary flight
path for the transport host device based on the radio data and an analysis
thereof,wherein the analysis of the radio data includes generating an RF
three—dimensional model representing the radio data and identifying at least
one gap in the three—dimensional model, andwherein dynamically generating
the secondary flight path includes identifying the target locations

corresponding to the at least one gap and instructing the transport host
device to return to the target locations corresponding to the at least one
gap for the scanning device to re—collect the radio data until the at least
one gap is reconciled.
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Closed-loop optimization of a wireless network using an autonomous
vehicle

el
H

e

200~
\
¥

WIRELESS NETWORK
CONTROL S8ERVER

155

SON SERVER 135
VAN

jVL

RAN SERVER 210

|
7 A

e

UAV TRAFFIC MANAGER 205

Lo HOAAIZE T2 =

i
ol

&= IAE-II
=) =

NAHS ME50l 28 WERIS 2N stots
Hojl et 7Y

20

0xt
0%

1. A method comprising:transmitting a path to a drone;receiving, at a
self-organizing network (SON), RF data measured by the drone while
traversing the path;upon determining a problem in a wireless network based
on the received RF data, transmitting an action to change a parameter of a
wireless network;after transmitting the action to change the parameter,
instructing the drone via the SON to measure updated RF data at a
location on the path corresponding to the problem;evaluating the updated
RF data at the SON to determine whether the problem was
resolved;transmitting a scanner profile from the SON to the drone, the
scanner profile identifying one or more frequencies to be scanned by the
drone to generate the RF data; andtransmitting an attenuation profile from
the SON to the drone, the attenuation profile providing parameters for
processing the RF data based on environmental conditions along the path.
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1. A loudspeaker system, comprising: a cabinet; a loudspeaker unit fitted to

the cabinet; an absorbent which is disposed inside a hollow chamber within
the cabinet and physically absorbs a gas inside this hollow chamber; and a

phase inverting mechanism which inverts the phase by resonating with a
sound of a specific frequency radiated from the loudspeaker unit into the

hollow chamber and radiates this sound to outside, wherein the phase
inverting mechanism includes watertight means for preventing invasion of
moisture into inside the hollow chamber from outside the cabinet through
the phase inverting mechanism.
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Standard focusing of data from synthetic aperture radar (SAR) assumes a
straight recording track of the sensor platform. Small nonlinearities of
airborne platform tracks are corrected for during a motion—compensation
step while maintaining the assumption of a linear flight path. This paper
describes the processing of SAR data acquired from nonlinear tracks,

typical of sensors mounted on small aircraft or drones flying at low altitude.

Such aircraft do not fly along straight tracks, but the trajectory depends on
topography, influences of weather and wind, or the shape of areas of
interest such as rivers or traffic routes. Two potential approaches for
processing SAR data from such highly nonlinear flight tracks are proposed,
namely, a patchwise frequency—domain processing and mosaicking
technique and a time—domain back—projection—based technique. Both are
evaluated with the help of experimental data featuring tracks with altitude
changes, a double bend, a 90 degrees curve, and a linear flight track. In
order to assess the quality of the focused data, close—ups of amplitude

images are compared, impulse response functions of a point target are
analyzed, and the coherence is evaluated. The experimental data were

acquired by the German Aerospace Center's E-SAR L-band system.

1844-1858 JUN 2009

IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING | 47 (6)
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Using Unmanned Aerial Vehicles (UAV) to Quantify Spatial Gap Patterns in
Forests

Univ Gottingen | University of Gottingen | UFZ Helmholtz Ctr Environm Res

| Helmholtz Association | Helmholtz Center for Environmental Research
(UFZ) | Northwest German Forest Res Stn | Fac Forest Sci & Forest Ecol |
Dept Ecosyst Modelling | Dept Ecol Modelling | Univ Gottingen University
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of Gottingen Fac Forest Sci & Forest Ecol Dept Ecosyst Modelling UFZ

Helmholtz Ctr Environm Res Helmholtz Association Helmholtz Center for

Environmental Research (UFZ) Dept Ecol Modelling Northwest German

Forest Res Stn
Getzin, S | Nuske, RS | Wiegand, K
mjorsg s 22

Gap distributions in forests reflect the spatial impact of man—made tree

ISPA;
2014. 08. 01
harvesting or naturally—induced patterns of tree death being caused by
windthrow, inter—tree competition, disease or senescence. Gap sizes can

vary from large (>100 m(2)) to small (<10 m(2)), and they may have
contrasting spatial patterns, such as being aggregated or regularly
distributed. However, very small gaps cannot easily be recorded with
conventional aerial or satellite images, which calls for new and

cost—effective methodologies of forest monitoring. Here, we used an
unmanned aerial vehicle (UAV) and very high-resolution images to record
the gaps in 10 temperate managed and unmanaged forests in two regions
of Germany. All gaps were extracted for 1—ha study plots and subsequently

analyzed with spatially—explicit statistics, such as the conventional pair
correlation function (PCF), the polygon—based PCF and the mark correlation

function. Gap-size frequency was dominated by small gaps of an area <5
m(2), which were particularly frequent in unmanaged forests. We found that
gap distances showed a variety of patterns. However, the polygon—based
PCF was a better descriptor of patterns than the conventional PCF,
because it showed randomness or aggregation for cases when the

L

conventional PCF showed small-scale regularity; albeit, the latter was only a
mathematical artifact. The mark correlation function revealed that gap areas
were in half of the cases negatively correlated and in the other half

independent. Negative size correlations may likely be the result of
single—tree harvesting or of repeated gap formation, which both lead to

nearby small gaps. Here, we emphasize the usefulness of UAV to record
forest gaps of a very small size. These small gaps may originate from

repeated gap-—creating disturbances, and their spatial patterns should be
monitored with spatially—explicit statistics at recurring intervals in order to
further insights into forest dynamics.

REMOTE SENSING | 6 (8): 6988-7004 AUG 2014
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ey The labor of surveillance and bureaucratized killing: new subjectivities of
=< military drone operators
e New Sch Social Res | The New School | Sch Media Studies | New Sch
= Social Res The New School Sch Media Studies
ISPN; Asaro, PM
HRHL 2013. -. - oelsE == 18
As the military's armed surveillance drones have become the iconic weapon
of the early twenty—first century, they have also introduced radical
transformations in the traditional labor of those who operate them - the
pilots, crew, analysts, and commanders. In so doing, these transformations

have engendered new kinds of subjectivity, with new ways of experiencing
the work of surveillance and killing. This paper investigates the nature of

bureaucratization of killing, and the psychological implications for operators

business process re—engineering have contributed to reconstituting the
subjectivity of drone pilots and sensor operators through decomposing their

labor practices and reconstituting them within professionalized careers and
technological systems of supervision and management. It also looks at how

these new subjectivities, how they are constructed through new
technologies that combine surveillance with remote agency, the

[t examines how scientific management strategies from Taylorism to

the decisions to use lethal force are themselves decomposed and
distributed among individuals designated as responsible agents within the
chain—of-command. In light of the creation of these new subjectivities, the
paper examines the psychological stress experienced by those who occupy
these new subject positions through an examination of several recent

military studies, journalistic accounts, and a recent short fiim based upon
an interview with a drone pilot, Omer Fast's 5,000 Feet is the Best (2011).

196-224 Sp. Iss. S| 2013

SOCIAL SEMIOTICS | 23 (2)
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Prediction of water temperature heterogeneity of braided rivers using very
high resolution thermal infrared (TIR) images

Univ Lyon | Centre National de la Recherche Scientifigue (CNRS) |
University of Lumiere — Lyon Il | University of Jean Moulin = Lyon I |
Universite de Lyon (ComUE) | Jean Monnet University | Institut National des
Sciences Appliquees de Lyon (INSA) | Ecole Normale Superieure (ENS)
Lyon | Univ Lyon 1 | University of Claude Bernard — Lyon 1 | CNRS UMR
5600 | ENS Lyon | Plateforme ISIG | CNRS UMR 5276 | Univ Lyon Centre
National de la Recherche Scientifique (CNRS) University of Lumiere — Lyon
[l University of Jean Moulin — Lyon Il Universite de Lyon (ComUE) Jean
Monnet University Institut National des Sciences Appliguees de Lyon (INSA)
Ecole Normale Superieure (ENS) Lyon CNRS UMR 5600 ENS Lyon
Plateforme ISIG Univ Lyon 1 Universite de Lyon (ComUE) University of
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Braided rivers exhibit high spatial thermal heterogeneity that is difficult to
understand using only in situ measurements. In this summer study, we used
a drone and a powered paraglider to acquire very high spatial resolution
(1427cm) thermal infrared (TIR) images of nine braided reaches located in
the French Alps. We applied atmospheric corrections to TIR images and
calibrated them based on in situ data. To characterize spatial and temporal
thermal patterns, three temporal approaches were applied. A single survey
of each site was performed to comparatively explore the nine braided
reaches. Three reaches were imaged twice, in 2010 and 2011, to explore
inter—annual variability. Finally, two reaches were selected for an intra—day
survey for which four and three flights, respectively, were realized within
one day. We reported two types of thermal patterns in braided reaches, the
first showing very low thermal variability throughout the day. This low
variability was linked to the low diversity found in the aquatic habitat,
notably due to proglacial regimes with high summer flows which
homogenize water temperatures. The second type exhibited a higher thermal
variability with changes during the day. The temperature of flowing channels
changed during the daytime according to air temperature. In contrast, the
temperature of channels downstream connected to the main network
exhibited smaller changes, which created thermal variability over space and
time associated with hyporheic or phreatic flows. Non—proglacial and
proglacial reaches behaved differently according to air temperature.
Proglacial reaches were colder and less sensitive to air temperature in
comparison with non—-proglacial reaches. These findings allow for a
prediction of habitat diversity from temperature heterogeneity based on time
and the proportion of ponds, alluvial, and groundwater channels.

INTERNATIONAL JOURNAL OF REMOTE SENSING | 34 (13): 4812-4831 JUL
10 2013
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A General Purpose Configurable Controller for Indoors and Outdoors
GPS-Denied Navigation for Multirotor Unmanned Aerial Vehicles

J| =t

CSIC UPM | Consejo Superior de Investigaciones Cientificas (CSIC) |
Pontificia Univ Javeriana | Pontificia Universidad Javeriana | Ctr Automat &
Robot | Ctr Tecnol Automatizac Ind | CSIC UPM Consejo Superior de
Investigaciones Cientificas (CSIC) Ctr Automat & Robot Pontificia Univ
Javeriana Pontificia Universidad Javeriana Ctr Tecnol Automatizac Ind
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This research on odometry based GPS—denied navigation on multirotor
Unmanned Aerial Vehicles is focused among the interactions between the
odometry sensors and the navigation controller. More precisely, we present

a controller architecture that allows to specify a speed specified flight
envelope where the quality of the odometry measurements is guaranteed.
The controller utilizes a simple point mass kinematic model, described by a
set of configurable parameters, to generate a complying speed plan. For

experimental testing, we have used down-facing camera optical-flow as

odometry measurement. This work is a continuation of prior research to
outdoors environments using an AR Drone 2.0 vehicle, as it provides
reliable optical flow on a wide range of flying conditions and floor textures.
Our experiments show that the architecture is realiable for outdoors flight
on altitudes lower than 9 m. A prior version of our code was utilized to
compete in the International Micro Air Vehicle Conference and Flight
Competition IMAV 2012. The code will be released as an open—-source ROS
stack hosted on GitHub.

JOURNAL OF INTELLIGENT & ROBOTIC SYSTEMS | 73 (1-4): 387-400 Sp.
Iss. SI JAN 2014
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The Africanization of honeybees (Apis mellifera L.) of the Yucatan: A study
of a massive hybridization event across time

Univ Sydney | University of Sydney | USDA ARS | United States
Department of Agriculture (USDA) | Ctr Biol & Gest Populat | Institut de
Recherche pour le Developpement (IRD) | Univ Autonoma Yucatan |
Universidad Autonoma de Yucatan | Sch Biol A12 | Honey Bee Breeding
Genet & Physiol Res Lab | Fac Med Vet & Zootecnica | Univ Sydney
University of Sydney Sch Biol A12 USDA ARS United States Department of
Agriculture (USDA) Honey Bee Breeding Genet & Physiol Res Lab Ctr Biol &
Gest Populat Institut de Recherche pour le Developpement (IRD) Univ
Autonoma Yucatan Universidad Autonoma de Yucatan Fac Med Vet &
Zootecnica
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subspecies of the honeybee (Apis

Until recently, African and European
separated for around 10,000 years.

mellifera L.) had been geographically
However, human-assisted introductions have caused the mixing of large

populations of African and European subspecies in South and Central
America, permitting an unprecedented opportunity to study a large—scale

hybridization event using molecular analyses. We obtained reference
populations from Europe. Africa, and South America and used these to
provide baseline information for a microsatellite and mitochondrial analysis
of the process of Africanization of the bees of the Yucatan Peninsula,
Mexico. The genetic structure of the Yucatecan population has changed
dramatically over time. The pre—Africanized Yucatecan population (1985)

comprised bees that were most similar to samples from southeastern
Europe and northern and western Europe. Three years after the arrival of
Africanized bees (1989). substantial paternal gene flow had occurred from
feral Africanized drones into the resident European population, but maternal
gene flow from the invading Africanized population into the local population
was negligible. However by 1998, there was a radical shift with both African
nuclear alleles (65%) and African—derived mitochondria (61%) dominating
the genomes of domestic colonies. We suggest that although European
mitochondria may eventually be driven to extinction in the feral population,
stable introgression of European nuclear alleles has occurred.

EVOLUTION | 56 (7): 1462-1474 JUL 2002
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Temporal variation in the genetic structure of a drone congregation area: an
insight into the population dynamics of wild African honeybees (Apis
mellifera scutellata)

Univ Halle Wittenberg | Martin Luther University Halle Wittenberg | Univ
Pretoria | University of Pretoria | Swiss Bee Res Ctr | Inst Biol | Mol Ecol
Res Grp | Dept Zool & Entomol | Social Insect Res Grp | Agroscope
Liebefeld Posieux Res Stn ALP | Univ Halle Wittenberg Martin Luther
University Halle Wittenberg Inst Biol Mol Ecol Res Grp Univ Pretoria
University of Pretoria Dept Zool & Entomol Social Insect Res Grp Swiss Bee
Res Ctr Agroscope Liebefeld Posieux Res Stn ALP
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The mating system of the honeybee (Apis mellifera) has been regarded as
one of the most panmictic in the animal kingdom, with thousands of males
aggregating in drone congregation areas (DCAs) that virgin queens visit to
mate with tens of partners. Although males from many colonies gather at
such congregations, the temporal changes in the colonies contributing
drones remain unknown. Yet, changes in the DCAs' genetic structure will
ultimately determine population gene flow and effective population size. By
repeatedly sampling drones from an African DCA over a period of 3 years,
we studied the temporal changes in the genetic structure of a wild
honeybee population. Using three sets of tightly linked microsatellite
markers, we were able to reconstruct individual queen genotypes with a
high accuracy, follow them through time and estimate their rate of
replacement. The number of queens contributing drones to the DCA varied
from 12 to 72 and was correlated with temperature and rainfall. We found
that more than 80% of these queens were replaced by mostly unrelated
ones in successive eight months sampling intervals, which resulted in a
clear temporal genetic differentiation of the DCA. Our results suggest that
the frequent long—-range migration of colonies without nest-site fidelity is
the main driver of this high queen turnover. DCAs of African honeybees
should thus be regarded as extremely dynamic systems which together with
migration boost the effective population size and maintain a high genetic
diversity in the population.

MOLECULAR ECOLOGY | 18 (7): 1511-1522 APR 2009
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Linking plant phenology to conservation biology
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Phenology has achieved a prominent position in current scenarios of global
change research given its role in monitoring and predicting the timing of
recurrent life cycle events. However, the implications of phenology to
environmental conservation and management remain poorly explored. Here,
we present the first explicit appraisal of how phenology a multidisciplinary
science encompassing biometeorology, ecology, and evolutionary biology
can make a key contribution to contemporary conservation biology. We
focus on shifts in plant phenology induced by global change, their impacts
on species diversity and plant—animal interactions in the tropics, and how
conservation efforts could be enhanced in relation to plant resource
organization. We identify the effects of phenological changes and
mismatches in the maintenance and conservation of mutualistic interactions,
and examine how phenological research can contribute to evaluate, manage
and mitigate the consequences of land—use change and other natural and
anthropogenic disturbances, such as fire, exotic and invasive species. We
also identify cutting—edge tools that can improve the spatial and temporal
coverage of phonological monitoring, from satellites to drones and digital
cameras. We highlight the role of historical information in recovering
long—-term phenological time series, and track climate-related shifts in
tropical systems. Finally, we propose a set of measures to boost the
contribution of phonology to conservation science. We advocate the
inclusion of phenology into predictive models integrating evolutionary history
to identify species groups that are either resilient or sensitive to future
climate—change scenarios, and understand how phenological mismatches
can affect community dynamics, ecosystem services, and conservation over
time. (C) 2015 Elsevier Ltd. All rights reserved.
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Prediction of water temperature heterogeneity of braided rivers using very
high resolution thermal infrared (TIR) images
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Braided rivers exhibit high spatial thermal heterogeneity that is difficult to
understand using only in situ measurements. In this summer study, we used
a drone and a powered paraglider to acquire very high spatial resolution
(1427cm) thermal infrared (TIR) images of nine braided reaches located in
the French Alps. We applied atmospheric corrections to TIR images and
calibrated them based on in situ data. To characterize spatial and temporal
thermal patterns, three temporal approaches were applied. A single survey
of each site was performed to comparatively explore the nine braided
reaches. Three reaches were imaged twice, in 2010 and 2011, to explore
inter—annual variability. Finally, two reaches were selected for an intra—day
survey for which four and three flights, respectively, were realized within
one day. We reported two types of thermal patterns in braided reaches, the
first showing very low thermal variability throughout the day. This low
variability was linked to the low diversity found in the aquatic habitat,
notably due to proglacial regimes with high summer flows which
homogenize water temperatures. The second type exhibited a higher thermal
variability with changes during the day. The temperature of flowing channels
changed during the daytime according to air temperature. In contrast, the
temperature of channels downstream connected to the main network
exhibited smaller changes, which created thermal variability over space and
time associated with hyporheic or phreatic flows. Non—proglacial and
proglacial reaches behaved differently according to air temperature.
Proglacial reaches were colder and less sensitive to air temperature in
comparison with non—proglacial reaches. These findings allow for a
prediction of habitat diversity from temperature heterogeneity based on time
and the proportion of ponds, alluvial, and groundwater channels.

INTERNATIONAL JOURNAL OF REMOTE SENSING | 34 (13): 4812-4831 JUL
10 2013

- 166 —




honeybee (Apis dorsata)

T
M
02

Temporal genetic structure of a drone congregation area of the giant Asian
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The giant Asian honeybee (Apis dorsata), like all other members of the

2005. 12. 01
genus Apis, has a complex mating system in which the gqueens and males
(drones) mate at spatially defined drone congregation areas (DCAs). Here,
we studied the temporal genetic structure of a DCA of A. dorsata over an

8-day time window by the genotyping of sampled drones with microsatellite
markers. Analysis of the genotypic data revealed a significant genetic

differentiation between 3 sampling days and indicated that the DCA was
used by at least two subpopulations at all days in varying proportions. The
estimation of the number of colonies which used the DCA ranged between
20 and 40 colonies per subpopulation, depending on the estimation

procedure and population. The overall effective population size was
estimated as high as N (e)=140. The DCA seems to counteract known

tendencies of A. dorsata for inbreeding within colony aggregations by
population size.

facilitating gene flow among subpopulations and increasing the effective
578-581 DEC 2005
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The Soil Moisture Active Passive (SMAP) Mission
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The Soil Moisture Active Passive (SMAP) mission is one of the first Earth
observation satellites being developed by NASA in response to the National
Research Council's Decadal Survey. SMAP will make global measurements
of the soil moisture present at the Earth's land surface and will distinguish
frozen from thawed land surfaces. Direct observations of soil moisture and
freeze/thaw state from space will allow significantly improved estimates of
water, energy, and carbon transfers between the land and the atmosphere.
The accuracy of numerical models of the atmosphere used in weather
prediction and climate projections are critically dependent on the correct
characterization of these transfers. Soil moisture measurements are also
directly applicable to flood assessment and drought monitoring. SMAP
observations can help monitor these natural hazards, resulting in potentially
great economic and social benefits. SMAP observations of soil moisture and
freeze/thaw timing will also reduce a major uncertainty in quantifying the
global carbon balance by helping to resolve an apparent missing carbon
sink on land over the boreal latitudes. The SMAP mission concept will
utilize L—-band radar and radiometer instruments sharing a rotating 6—-m
mesh reflector antenna to provide high-resolution and high—accuracy global
maps of soil moisture and freeze/thaw state every two to three days. In
addition, the SMAP project will use these observations with advanced
modeling and data assimilation to provide deeper root-zone soil moisture
and net ecosystem exchange of carbon. SMAP is scheduled for launch in
the 2014-2015 time frame.

PROCEEDINGS OF THE IEEE | 98 (5): 704-716 MAY 2010
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Mapping paddy rice agriculture in southern China using multi-temporal
MODIS images
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Information on the area and spatial distribution of paddy rice fields is
needed for trace gas emission estimates, management of water resources,
and food security. Paddy rice fields are characterized by an initial period of
flooding and transplanting, during which period open canopy (a mixture of

surface water and rice crops) exists. The Moderate Resolution Imaging

Spectroradiometer (MODIS) sensor onboard the NASA EOS Terra satellite
has visible, near infrared and shortwave infrared bands; and therefore, a
number of vegetation indices can be calculated, including Normalized
Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI) and
Land Surface Water Index (LSWI) that is sensitive to leaf water and soil
moisture. In this study, we developed a paddy rice mapping algorithm that
uses time series of three vegetation indices (LSWI, EVI, and NDVI) derived
from MODIS images to identify that initial period of flooding and
transplanting in paddy rice fields, based on the sensitivity of LSWI to the
increased surface moisture during the period of flooding and rice
transplanting. We ran the algorithm to map paddy rice fields in 13
provinces of southern China, using the 8—-day composite MODIS Surface

Reflectance products (500—m spatial resolution) in 2002. The resultant

MODIS—-derived paddy rice map was evaluated, using the National Land

Cover Dataset (1: 100,000 scale) derived from analysis of Landsat ETM+
images in 1999/2000. There were reasonable agreements in area estimates
of paddy rice fields between the MODIS—derived map and the
Landsat—based dataset at the provincial and county levels. The results of
this study indicated that the MODIS—-based paddy rice mapping algorithm
could potentially be applied at large spatial scales to monitor paddy rice
agriculture on a timely and frequent basis. (c) 2005 Elsevier Inc. All rights
reserved.

REMOTE SENSING OF ENVIRONMENT | 95 (4): 480-492 APR 30 2005
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Natural hazards like landslides, avalanches, floods and debris flows can

result in enormous property damage and human casualties in mountainous
regions. Switzerland has always been exposed to a wide variety of natural
hazards mostly located in its alpine valleys. Recent natural disasters
comprising avalanches, floods, debris flows and slope instabilities led to
substantial loss of life and damage to property, infrastructure, cultural
heritage and environment. In order to offer a solid technical infrastructure, a
new concept and expert—-tool based on an integrated web-based

database/GIS structure is being developed under HazNETH. Given the
HazNETH database design contemplates the detection and mapping of
diagnostic features from remote sensors (e.g., ground, air and space
borne) this paper analyses the use of remote sensing data in landslides
studies during the 1980s, 1990s and 2000s, including a discussion of its

potential and research challenges as result of new operational and
forthcoming technologies such as the very high spatial resolution optical

and infrared imagery of Ikonos, Quickbird, IRS CartoSat—-1, ALOS, the
satellite based interferometric SAR (InSAR and DInSAR of Radarsat, ERS,
Envisat, TerraSAR-X, Cosmo/SkyMed, ALOS), micro—satellites like the
Pleiades, DMC, RapidEye, airborne LASER altimetry or ground—-based
differential interferometric SAR. The use of remote sensing data, whether
air—, satellite— or ground—based varies according to three main stages of a

landslide related study, namely a) detection and identification; b)
monitoring; c¢) spatial analysis and hazard prediction. Accordingly, this paper

presents and discusses previous applications of remote sensing tools as
related to these three main phases, proposing a conceptual framework for

the contribution of remote sensing to the design of databases for natural

hazards like debris flows, and identifying areas for further research. (C)
2005 Elsevier Inc. All rights reserved.

REMOTE SENSING OF ENVIRONMENT | 98 (2-3): 284-303 OCT 15 2005
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This paper evaluates the consistency of the Normalized Difference

ISP
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Resolution Radiometer (AVHRR), SPOT-Vegetation, SeaWiFS, Moderate

Vegetation Index (NDVI) records derived from Advanced Very High

independently derived NDVI from atmospherically corrected ETM+ data at 13

resolution sensors to assess the NDVI records agreement. The objectives of

Resolution Imaging Spectroradiometer, and Landsat ETM+. We used

Earth Observation System Land Validation core sites, eight locations of
drought, and globally aggregated one—degree data from the four coarse

this paper are to: 1) compare the absolute and relative differences of the

vegetation signal across these sensors from a user perspective, and, to a
lesser degree, 2) evaluate the possibility of merging the AVHRR historical

data record with that of the more modern sensors in order to provide
historical perspective on current vegetation activities. The statistical and

correlation analyses demonstrate that due to the similarity in their overall
variance, it is not necessary to choose between the longer time series of

AVHRR and the higher quality of the more modern sensors. The long—term
AVHRR-NDVI record provides a critical historical perspective on vegetation

activities necessary for global change research and, thus, should be the
basis of an intercalibrated, sensor—independent NDVI data record. This
these datasets.

paper suggests that continuity is achievable given the similarity between

IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING | 44 (7)
1787-1793 Part 1 JUL 2006
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Earthquake Damage Assessment of Buildings Using VHR Optical and SAR
Imagery
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Rapid damage assessment after natural disasters (e. g., earthquakes) and
violent conflicts (e. g., war—related destruction) is crucial for initiating
effective emergency response actions. Remote—sensing satellites equipped
with very high spatial resolution (VHR) multispectral and synthetic aperture
radar (SAR) imaging sensors can provide vital information due to their
ability to map the affected areas with high geometric precision and in an
uncensored manner. In this paper, we present a novel method that detects
buildings destroyed in an earthquake using pre—event VHR optical and
post—event detected VHR SAR imagery. The method operates at the level of
individual buildings and assumes that they have a rectangular footprint and
are isolated. First, the 3—-D parameters of a building are estimated from the
pre—event optical imagery. Second, the building information and the
acquisition parameters of the VHR SAR scene are used to predict the
expected signature of the building in the post—event SAR scene assuming
that it is not affected by the event. Third, the similarity between the
predicted image and the actual SAR image is analyzed. If the similarity is
high, the building is likely to be still intact, whereas a low similarity
indicates that the building is destroyed. A similarity threshold is used to
classify the buildings. We demonstrate the feasibility and the effectiveness
of the method for a subset of the town of Yingxiu, China, which was
heavily damaged in the Sichuan earthquake of May 12, 2008. For the
experiment, we use QuickBird and WorldView—1 optical imagery, and
TerraSAR-X and COSMO-SkyMed SAR data.

IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING | 48 (5):

2403-2420 MAY 2010
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Unmanned aerial systems for photogrammetry and remote sensing: A review
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We discuss the evolution and state—of-the-art of the use of Unmanned

A

Aerial Systems (UAS) in the field of Photogrammetry and Remote Sensing
(PaRS). UAS, Remotely—Piloted Aerial Systems, Unmanned Aerial Vehicles or
simply, drones are a hot topic comprising a diverse array of aspects
including technology, privacy rights, safety and regulations, and even war
and peace. Modern photogrammetry and remote sensing identified the
potential of UAS—-sourced imagery more than thirty years ago. In the last
five years, these two sister disciplines have developed technology and
methods that challenge the current aeronautical regulatory framework and
their own traditional acquisition and processing methods. Navety and
ingenuity have combined off-the—shelf, low—cost equipment with
sophisticated computer vision, robotics and geomatic engineering. The
results are cm-—level resolution and accuracy products that can be
generated even with cameras costing a few—hundred euros. In this review
article, following a brief historic background and regulatory status analysis,
we review the recent unmanned aircraft, sensing, navigation, orientation and
general data processing developments for UAS photogrammetry and remote
)

sensing with emphasis on the nano—micro—mini UAS segment. (C) 2014
International Society for Photogrammetry and Remote Sensing, Inc. (ISPRS
Published by Elsevier B.V. All rights reserved.
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Because they are airborne artefacts, drones embody threats to people and
property, even in normal operation, but especially when malfunctions occur
in equipment or in the data communications on which they are heavily
dependent. Some natural controls exist over inappropriate drone behaviour.

General liability laws provide remedies for harm that arises from drones,
and act as a deterrent against irresponsible behaviour. Specific air safety

AW

laws do, or may, apply to drones. Co-regulatory mechanisms provide
protections, as may industry and organisational self-regulation. However, a
review of current and emergent regulatory arrangements identifies a

L=
considerable range of gaps and uncertainties that need to be addressed,
particularly in relation to small drones, including micro—drones. (C) 2014
Xamax Consultancy Pty Ltd and Lyria Bennett Moses/UNSW. Published by

Elsevier Ltd. All rights reserved.
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The social implications of using drones for biodiversity conservation
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Unmanned aerial vehicles, or 'drones', appear to offer a flexible, accurate
and affordable solution to some of the technical challenges of nature
conservation monitoring and law enforcement. However, little attention has

A
been given to their possible social impacts. In this paper, | review the
possible social impacts of using drones for conservation, including on

safety, privacy, psychological wellbeing, data security and the wider
understanding of conservation problems. | argue that negative social

impacts are probable under some circumstances and should be of concern
for conservation for two reasons: (1) because conservation should follow

good ethical practice; and (2) because negative social impacts could

L=
undermine conservation effectiveness in the long term. The paper concludes
with a call for empirical research to establish whether the identified social
risks of drones occur in reality and how they could be mitigated, and for
self-regulation of drone use by the conservation sector to ensure good

ethical practice and minimise the risk of unintended consequences.

AMBIO | 44: S636-S647 Suppl. 4 Sp. Iss. SI NOV 2015
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Of all the agencies of executive government, those that police that employ
force and engage in surveillance are the most threatening to the liberties of
the American people. Yet, they are the least regulated. Two core requisites
of American constitutionalism are democratic accountability and adherence
to the rule of law. Democratic accountability ensures that policy choices are
vetted in the public arena and have popular support; the rule of law
requires that those choices be constitutional as well. Legislative enactments
governing policing are few and far between. Although police departments
have internal rules, these rules are rarely made public or publicly debated.
When it comes to regulating policing, we rely primarily on ex post judicial
review, which at best ensures policing practices are constitutional (though it
often fails on this score), and does nothing to assure democratic
accountability or sound policymaking. This Article argues that it is
fundamentally unacceptable for policing to remain aloof from the ordinary
processes of democratic governance. All police practices such as use of
drones or other surveillance equipment; SWAT, Tasers, and other means of
force; checkpoint stops, administrative inspections, and other warrantless
searches and seizures should be legislatively authorized, subject to public
rulemaking, or adopted and evaluated through some alternative process that
permits democratic input. In addition to spelling out the ways in which the
ordinary processes of governance can be utilized to regulate policing, this
Article fills in substantial gaps in the existing literature by analyzing why this
has not been the case in the past, and explaining how, within the existing
framework of administrative and constitutional law, courts can motivate
change. It also directs attention to the manifold questions that require
resolution in order to move policing to a more democratically accountable
footing.

NEW YORK UNIVERSITY LAW REVIEW | 90 (6): 1827-1907 DEC 2015
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We present a framework for autonomous flying using the AR.Drone low cost

quadrotor. The system performs all sensing and computations on-board,
making the system independent of any base station or remote control. High
level navigation, computer vision and control tasks are carried out in an

external processing unit that steers the vehicle to a desired location. We
experimentally demonstrate the properties and capabilities of three systems

to autonomously following several trajectory patterns, visually estimate its
of the systems.

position and detecting and following a person and evaluate the performance

JOURNAL OF INTELLIGENT & ROBOTIC SYSTEMS | 73 (1-4): 401-412 Sp.
Iss. SI JAN 2014
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JIAl + EHXY

ZE 2 (kg)

&=l (kg)

CE8 + =4 LIDAR

40.0

EE + =2&It02t + LTE S

35.1

CE + 3¢ + LXNEIM + LTE

35.7

8 + ==&t + LTE S

35.1

CE + 8¢ + UXNEStet + LTE S

35.7

AJIOI2xHZx=0l) (mm)

LA (kg)

AHI™E (W)

ZICH 150 x 200 x 250

zlA 5.0

41 ~ 46

ZICH 200 x 200 x 100

ZItH 3.0

20 ~ 39

zl2 10.0

65(01l &)

30 x 30 x 2.3

10

OB~ | N

175 x 208 (X&)

2.6

35
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O A%-e 20189 3209 YogRE B/EES 1este] ARTR 2718

O =7MdsES e UsARAAM  FAsts 2RA =/AsE FHu

2008~2017d 7k 10 3te) =71 WES Baste] A 8313+

i

- 2008~2017d 7|3ke] E7MdsE W2 2.
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%= A

O A =3 A3 #Holo] vrAsl= 2023W % A& R oF 3589 Yozr
E] 2032 ©oF 4399 Yo7 FAHEAL

(& 8.31> %W 5% Bof 52 A3 FE 74

v = (eror)
2019 32,732.80

S o2t 2020 33,482.38
2021 34,249.13

2022 35,033.43

2023 35,835.70

2024 36,656.34

2025 37.495.77

2026 38,354.42

e 2027 39,232.74
2028 40,131.16

2029 41,050.17

2030 41,990.22

2031 42,951.79

2032 43,935.39
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2012 2013 2014 2015 2016
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1,340 1,540 1,340 1,540

(X% 8.33> F9xA& F4

AZ HEE2H
TE H= ) e

2017 1,464.79 7
2018 1,498.34 //
2019 1,5632.65 y

Mg |2t 2020 1,567.75 //
2021 1,603.65 /
2022 1,640.37 e
2023 1,677.94 671.17
2024 1,716.36 686.54
2025 1,755.66 702.27
2026 1,795.87 718.35

S 2027 1,837.00 734.80
2028 1,879.06 751.62
2029 1,922.09 768.84
2030 1,966.11 786.44
2031 2,011.13 804.45
2032 2,057.19 822.87
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(4) R&D 7149 &

O =71 EAE el A =3 Al 52 2 (2018)o A A Al g R&D7]1<
£ 354%E A L3

6) AHEE AT E

O =Ex% R&D A1 H 333 Fa A 43E 262%E 2 8&FHA 8
ghojz ekl AT EAR, 2017)

(6) HA7HA&

O @7ed AASAALH] AABEE 202 5 AN BAM] =
& argRole] RS WS on, b Ee 5117%4
O APARES] FYABE 4, WA, FEAHE | FFYY 2
TP e FEYA BHl FAEANA Hee ARG
(E 8.36> FF ATATAY 2 A
e 4k S I SEYUA SO &
BH& Al 25,716,994 67,252,389 38.2%
HdE MU A 3,884,831 9,382,355 41.4%
s3dd € =Y 88,636,792 119,880,731 73.9%
SH 131,623,036 266,412,186 49.4%
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A7 el 2023\ 7.39 oA 20329 69 A7bA] 10 F EAstH @A)
7HA 71# & 66.29 ¥
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(& 8.37> 2vkE #AWY SEAXY A%A 44 2

2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

35,836 | 36,656 | 37,496 | 38,354 | 39,233 | 40,131 | 41,050 | 41,990 | 42,952 | 43,935

35.4% | 35.4% | 35.4% | 35.4% | 35.4% | 35.4% | 35.4% | 35.4% | 35.4% | 35.4%

53.3% | 53.3% | 53.3% | 53.3% | 53.3% | 53.3% | 53.3% | 53.3% | 53.3% | 53.3%

26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2%

—_

51.2% | 51.2% | 51.2% | 51.2% | 51.2% | 51.2% | 51.2% | 51.2% | 51.2% | 51.2%

N
|
9

0
r
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=
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~—

J
;

906 927 948 970 992 | 1,015 1,038 | 1,062 | 1,086 | 1,111

u
=

1

0.802| 0.768| 0.735| 0.703| 0.673| 0.644 | 0.616| 0.590 | 0.564 | 0.540

e e
>
DI
-— U
m T

JE

:

727.3| 711.9| 696.9| 682.1| 667.7| 653.6 | 639.8| 626.2 | 613.0| 600.0

H-§ A o) 2023 4.39] oA 2032 3.69 HA7kA 10 3F A St

H AZFA 7IE F 3939 ¥4

M gAzZEele A5y Wgago] AYslel e AN FETRS A

<& 8.38> ZulE 3P =EA LY v g2 A A

2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

3,858 | 3,947 | 4,037 | 4,129 | 4,224 | 4,321 | 4,420 | 4,521 | 4,624 | 4,730

53.3% | 53.3% | 53.3% | 53.3% | 53.3% | 53.3% | 563.3% | 53.3% | 53.3% | 53.3%

>_

tol

26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2% | 26.2%

0| e
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|4
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[m]
[0

—

]
-

539 551 564 577 590 603 617 631 646 661

o
J
=

W

0.802| 0.768 | 0.735| 0.703| 0.673 | 0.644 | 0.616| 0.590 | 0.564 | 0.540

e
>
o = =
I
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~

—

JE

.

432.3 | 423.2 | 414.2| 405.5| 396.9 | 388.5| 380.3 | 372.3 | 364.4| 356.7
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3 A2 2019~20223 7]
NARE A3} gAY o]

°]& 2023 358¢
H -8 A7k o) 2 20239 394

Ly

Zido]l XegEm, 202355 10
Egtie

Ao ZHE 20329 4399
doFHE 2032 479 o2 FIHe

B

der Frtstd,

-l gAgHEY e fYRANET FREAVGS] APYoRRE HEeH
Zhzre] Abiulel] B Al BEAQ 40% WAL H S5
(% 8.39> ZvtE dAW) SEAXY 1§ W Aele] %
o HIZ (Werg) Eo| (HipHe)
= TEETE & Ot B Ao & THOHI
2019 1,200 1,148.33
2020 4,300 3,937.64
2021 4,300 3,768.08
2022 2,200 1,844.83
2023 1,445.14 1,159.66
2024 1,478.24 1,135.13
2025 1,512.09 1,111.12
2026 1,546.71 1,087.63
2027 1,5682.13 1,064.62
2028 1,618.36 1,042.11
2029 1,655.43 1,020.07
2030 1,693.33 998.50
2031 1,732.11 977.38
2032 1,771.78 956.71
28I 12,000 10,698.87 16,035.33 10,552.93
O %5 Adel AA4 B4 A3, B/C v&L 0,992 2499
O F HSCIIuDE 1209 Yolm, ABH TS WIF F ul§e] AA7}
AE 1079 9o 4Ed
O % W& 160.359 Holw], A8lH TS WYF F Welo] AAHE
105.53¢] o= 4t=d

(E 8.40> ~ntE AT =24

29 AAR 24 A%

=
[

SR &&=

Z= oo SHRHIIXI(HH) 10,552.93
= HlE29 SMIIX(YH) 10,698.87
B/C Ratio 0.99
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