Anexo I. Plan Estratégico para el
desarrollo del sector civil de los

drones en Espana 2018-2021

En este anexo se han extraido algunas paginas del Plan Estratégico para el desarrollo del sector civil
de los drones en Espana 2018-2021 que contribuyen a explicar cudl se espera sea el desarrollo civil de los
drones en Espafa en el futuro més cercano.

En primer lugar, en las primeras 5 paginas se muestra los proyectos de I+D+i que se estdn llevando
a cabo tanto en Espana como en Europa, asi como la asignacién de fondos para los mismos.

En segundo lugar, se incluyen las paginas correspondientes a los 4 ejes estratégicos que se comentaron
en la Seccién 2.1.2.

Por tdltimo, las 3 paginas finales hacen referencia a las iniciativas que en el plan se proponen para la
consecucion de los ejes estratégicos.
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Anexo II. Implementacion en
CPLEX Studio de los Modelos
Matematicos

Implementacion en CPLEX Studio del Modelo 3.3

/*********************************************
x OPL 12.6.0.0 Model

* Author: José Luis Lépez Ramén

x Creation Date: 2018
*********************************************/

int C=...; range cust = 1..C; //Conjunto de C clientes

range VO = 0..C; //Conjunto de nodos origen de la red
range VF= 1..C+1; //Conjunto de nodos finales de la red
int M=...; range K=1..M; //Conjunto de M drones

range V=0..C+1; //Conjunto de todos los nodos

//Pardmetros

float Q[K]:, //Llamada a datos de capacidad de los drones
float S[K]=...; //Llamada a datos de velocidad de los drones
float [VOH ] cel //Llamada a datos de distancia entre nodos
float dfcust]=...; //Llamada a datos de demanda de clientes

// Variables de Decisién

dvar boolean x[VO][VF][K]; //Xijk: el dron k va de i a j
dvar boolean y[cust][K]; //Yik: el cliente i es visitado por el dron k
dvar float+ u[V]; //Variable para la eliminacién de subtours

//Funcién Objetivo (Minimizar el tiempo de la ruta)
minimize (sum(i in VO0) sum(j in VF) sum(k in K) (c[i][j]/S[k])*x[i][j][k]);

//Restricciones

62



63

subject to {

/*Todos los clientes son atendidos, entrando y saliendo a su localidad
si el dron la visitax/

forall (i in cust, k in K){
sum(j in VF) x[i][j][k]==y[i][k];
sum(j in VO) x[j][i][kl==y[i][k]

}

/*Se visita con un solo dronx/
forall (i in cust)
sum(k in K)y[i][k]==1;

/*El dron no puede entrar al depdésito si ya se encuentra allix/
forall (k in K)
x[0][C+1][k]==0;

/*No se debe superar la capacidad mdximax/
forall (k in K)
sum(i in cust) d[i]*xy[i][k] <= Q[k];

/*Eliminacién de subtoursx/
forall (i in VO, j in VF, k in K)
uli]— ufj] + (C+1)sx[i][j][k] <= C;

/*Desigualdad valida: si un vehiculo estd activado sale del almacénx/
forall (k in K)
sum(i in cust)y[i][k]<= Cxsum(i in cust) x[0][i][k];

/*Desigualdad valida: si un dron no sale, no puede regresar al depdsitox/
forall (k in K)
sum(i in cust)x[i][C+1][k]<=sum(i in cust) x[0][i][k];

}

Implementacion en CPLEX Studio del Modelo 3.4

/*********************************************
x* OPL 12.6.0.0 Model

x Author: José Luis Lépez Ramén

x Creation Date: 2018
*********************************************/

int C=...; range cust = 1..C; //Conjunto de C clientes

range VO = 0..C; //Conjunto de nodos origen de la red
range VF= 1..C+1; //Conjunto de nodos finales de la red
int M=...; range K=1..M; //Conjunto de M drones
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range V=0..C+1; //Conjunto de todos los nodos

//Pardmetros

float Q[K]=...; //Llamada a datos de capacidad de los dromnes
float S[K]=...; //Llamada a datos de velocidad de los dromnes
float c[VO][VF]=...; //Llamada a datos de distancia entre nodos
float d[cust]=...; //Llamada a datos de demanda de clientes

// Variables de Decisién

dvar boolean x[VO][VF][K]; //Xijk: el dron k va de i a j
dvar boolean y[cust][K]; //Yik: el cliente i es visitado por el dron k
dvar float+ u[V]; //Variable para la eliminacién de subtours

//Funcién Objetivo (Minimizar el tiempo de la ruta)
minimize (sum(i in VO0) sum(j in VF) sum(k in K) (c[i][j]/S[k])*x[i][j][k]);

//Restricciones
subject to {

/*Todos los clientes son atendidos, entrando y saliendo a su localidad
si el dron la visitax/

forall (i in cust, k in K)

sum(j in VF) x[i]

{
LT k]=
sum(j in VO) x[j][1

k|==y
i) [K]==y[i][k]
}

/*Se visita con un solo dronx/
forall (i in cust)
sum(k in K)y[i][k]==1;

/*El dron no puede entrar al depdésito si ya se encuentra allix/
forall (k in K)
x[0][C+1][k]==0;

/*No se debe superar la capacidad mdximax/
forall (k in K)
sum(i in cust) d[i]*xy[i][k] <= Q[k];

/*Eliminacién de subtoursx/
forall (i in VO, j in VF, k in K)
uli]— ufj] + (C+D)sx[i][j][k] <= C;

/*Desigualdad vdlida: si un vehiculo estd activado sale del almacénx/
forall (k in K)
sum(i in cust)y[i][k]<= Cxsum(i in cust) x[0][i][k];
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/*Desigualdad valida: si un dron no sale, no puede regresar al depdsitox/
forall (k in K)
sum(i in cust)x[i][C+1][k]<=sum(i in cust) x[0][i][k];

/*No se rebasa la bateriax/
forall (k in K)
sum(i in VO, j in VF) e[i][j]*x[1][]j][k] <= B;

Implementacion en CPLEX Studio del Modelo 3.5

[ sk sk s ok ok koK KoK sk ok SRR SR KK SRR SR R R R KR KKK R R SR RO K K K
x* OPL 12.6.0.0 Model

* Author: José Luis Lépez Ramén

x Creation Date: 2018

*********************************************/

int C=...; range cust = 1..C; //Conjunto de C clientes

range VO = 0..C; //Conjunto de nodos origen de la red
range VF= 1..C+1; //Conjunto de nodos finales de la red
int M=...; range K=1..M; //Conjunto de M drones

range V=0..C+1; //Conjunto de todos los nodos

//Parametros

float Q[K]=...; //Llamada a datos de capacidad de los dromnes
float S[K]=...; //Llamada a datos de velocidad de los dromnes
float B[K]=...; //Llamada a datos de capacidad de la bateria
float TR=...; //Llamada a datos de tiempo de recarga

float c[VO][VF]=...; //Llamada a datos de distancia entre nodos
float d[cust]=...; //Llamada a datos de demanda de clientes

float e[VO][VF]=...; //Llamada a datos de consumo de bateria

int RC[cust|=...; //LLamada a datos de disponibilidad de recarga

//Variables de Decisién

dvar boolean x[VO][VF][K]; //Xijk: el dron k va de i a j
dvar boolean y[cust][K]; //Yik: el cliente i es visitado por el dron k
dvar float+ u[V]; //Variable para la eliminacién de subtours
dvar float+ Dbl[VF][K]; //Bateria restante al llegar al nodo
dvar float+ bs[V0][K]; //Bateria restante al salir del nodo

[

dvar boolean f[V0][K]; //Fik: el dron k recarga en el nodo i
dvar float+ s[VO][VF][K]; //V.Auxiliar para evitar la no linealidad
dvar float+ t[cust][K]; //V.Auxiliar para evitar la no linealidad
//Funcién Objetivo (Minimizar el tiempo de la ruta)

minimize (sum(i in VO0) sum(j in VF) sum(k in K) (c[i1][j]/S[k])*x[1][]j][k])+
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sum(i in VO0,k in K) f[i][k]*TR;

//Restricciones
subject to {

/*Todos los clientes son atendidos, entrando y saliendo a su localidad
si el dron la visitax/

forall (i in cust, k in K){
sum(j in VF) x[i][j][k]==y[i][k];
sum(j in VO) x[j][i][kl==y[i][k]

}

/*Se visita con un solo dronx/
forall (i in cust)
sum(k in K)y[i][k]==1;

/*El dron no puede entrar al depdésito si ya se encuentra all{ix/
forall (k in K)
x [0][C+1][k]==0;

/*No se debe superar la capacidad mdximax/
forall (k in K)
sum(i in cust) d[i]*xy[i][k] <= Q[k];

/*Eliminacién de subtoursx/
forall (i in VO, j in VF, k in K)
uli]= u[j] + (C+1)xx[i][j][k] <= C;

/*Desigualdad valida: si un vehiculo estd activado sale del almacénx/
forall (k in K)
sum(i in cust)y[i][k]<= Cxsum(i in cust) x[0][i][k];

/*Desigualdad valida: si un dron no sale, no puede regresar al depdsitox/
forall (k in K)
sum (i in cust)x[i][C+1][k]<=sum(i in cust) x[0][i][k];

/*No se rebasa la bateriax/
forall (k in K)
sum(i in VO, j in VF) e[i][j]+x[1][j][k] <= B[k];

/*Si un dron sale del almacén sale cargado, si un dron no sale del almacén
no sale cargadox/
forall (k in K) {
f[0][k]>= sum(i in cust) x[0][1]]
bs [0][k]<=B[k]*sum(i in cust) x[0
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} bs [0] [k]>=B[k]*f[0][k];

/*Un dron no se puede recargar en un nodo que no visita o no tiene estacidnx/
forall (k in K, i1 in cust){
fli][k]<=RC[1];
} fli][k<=y[i][k];

/*Si un dron no visita i, la variables son O...
forall (k in K, i in cust){
bs [1][k]<=B[k]*y[i][k];
bI[i][k]<=B[k]*y[i][k];
}

//...en un cliente cualquiera cuando se visitax/
forall (k in K, i in cust){

bs [1][k]==B[k]«f[i ][k]+t[1][ J;
t[1][k]<=bl[i][k]+f[i][k]*B[k];
t[1][k]>=bl1[i][k]-f[i][k]*B[k];
Eli][k<=(-f[1][k])*B[k];
}
i in VF)

forall(k in K,
bL[i][K]==sum(j in VO) (s[j][i][k]=e[j][i]*x[j][i][k]);

/*Determinar el valor de las variables sx/
forall(j in VO, i in VF, k in K){
s[j][1][k]<=bs[j][k]+(1-x[]
s[il[i][k>=bs[j][k]-(1—x[]
s[il[i][K<=B[kl*x[j][i][k];

J[i
]

Ejemplo de fichero de parametros de entrada

sk sk skosk sk sk skoske sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk kok
x OPL 12.6.0.0 Data

x Author: José Luis Lépez Ramén

x Creation Date: 2018

*********************************************/

C = 14; //Numero de clientes
M = 5; //Numero de drones
Q=[195 50 50 50 50]; //Capacidad de los drones en kg

=[72 60 60 60 60]; //Velocidad de los drones en km/h
=[172 180 180 180 180]; // Autonomia de los drones en km
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d=[30.9 30.4 18.1 12.7 87.2 14.2 3.9 33.3 16.7 31.9 9.3
45.6 32.8 25.5]; //Demanda de los habitantes en kg

//Distancia entre nodos en km

c=[[ 11.16 18.67 26.46 27.79 34.62 34.42 34.77 28.47 26.18 29.96 33.18
28.19 20.50 15.91 0 ]

[ 0.00 8.07 15.37 17.00 23.59 23.27 23.68 17.50 16.25 19.98 23.42 19.83
14.17 5.57 11.16 |

[ 8.07 0.00 8.22 9.11 16.07 16.89 17.73 12.61 14.57 17.51 20.88 20.21
17.69 7.57 18.67 |

[ 15.37 8.22 0.00 3.40 8.26 8.78 9.84 6.53 11.89 13.33 16.03 18.23 19.34
12.17 26.46 ]

[ 17.00 9.11 3.40 0.00 7.20 9.87 11.31 9.51 15.28 16.54 19.09 21.62 22.58
14.66 27.79 |

[ 23.59 16.07 8.26 7.20 0.00 5.67 7.47 10.36 16.97 16.59 18.11 22.78
26.15 20.31 34.62]

[ 23.27 16.89 8.78 9.87 5.67 0.00 1.91 6.77 12.83 11.62 12.72 18.03 22.67
18.95 34.42 ]

[ 23.68 17.73 9.84 11.31 7.47 1.91 0.00 6.50 11.94 10.27 11.04 16.72
21.92 19.08 34.77 |

[ 17.50 12.61 6.53 9.51 10.36 6.77 6.50 0.00 6.62 7.07 9.65 12.65 16.03
12.65 28.47 |

[ 16.25 14.57 11.89 15.28 16.97 12.83 11.94 6.62 0.00 3.79 7.16 6.34
10.02 10.94 26.18 |

[ 19.98 17.51 13.33 16.54 16.59 11.62 10.27 7.07 3.79 0.00 3.52 6.46
12.86 14.57 29.96 |

[ 23.42 20.88 16.03 19.09 18.11 12.72 11.04 9.65 7.16 3.52 0.00 7.20
15.03 17.87 33.18 |

[ 19.83 20.21 18.23 21.62 22.78 18.03 16.72 12.65 6.34 6.46 7.20 0.00

8.43 14.93 28.19 |

[ 14.17 17.69 19.34 22.58 26.15 22.67 21.92 16.03 10.02 12.86 15.03 8.43
0.00 10.43 20.50 ]

[ 5.57 7.57 12.17 14.66 20.31 18.95 19.08 12.65 10.94 14.57 17.87 14.93

10.43 0.00 15.91 |]];

//Consumo de bateria entre nodos en km

e=[[ 11.16 18.67 26.46 27.79 34.62 34.42 34.77 28.47 26.18 29.96 33.18
28.19 20.50 15.91 0 |

[ 0.00 8.07 15.37 17.00 23.59 23.27 23.68 17.50 16.25 19.98 23.42 19.83
14.17 5.57 11.16 ]

[ 8.07 0.00 8.22 9.11 16.07 16.89 17.73 12.61 14.57 17.51 20.88 20.21
17.69 7.57 18.67 ]

[ 15.37 8.22 0.00 3.40 8.26 8.78 9.84 6.53 11.89 13.33 16.03 18.23 19.34



12.17 26.46 ]

[ 17.00 9.11 3.40 0.00 7.20 9.87 11.31 9.51 15.28 16.54 19.09 21.62 22.58

14.66 27.79 |

[ 23.59 16.07 8.26 7.20 0.00 5.67 7.47 10.36 16.97 16.59 18.11 22.78

26.15 20.31 34.62]

[ 23.27 16.89 8.78 9.87 5.67 0.00 1.91 6.77 12.83 11.62 12.72 18.03 22.67

18.95 34.42 ]

[ 23.68 17.73 9.84 11.31 7.47 1.91 0.00 6.50 11.94 10.27 11.04 16.72

21.92 19.08 34.77 |

[ 17.50 12.61 6.53 9.51 10.36 6.77 6.50 0.00 6.62 7.07 9.65 12.65 16.03

12.65 28.47 ]

[ 16.25 14.57 11.89 15.28 16.97 12.83 11.94 6.62 0.00 3.79 7.16 6.34

10.02 10.94 26.18 |

[ 19.98 17.51 13.33 16.54 16.59 11.62 10.27 7.07 3.79 0.00 3.52 6.46

12.86 14.57 29.96 |

[ 23.42 20.88 16.03 19.09 18.11 12.72 11.04 9.65 7.16 3.52 0.00 7.20

15.03 17.87 33.18 |

[ 19.83 20.21 18.23 21.62 22.78 18.03 16.72 12.65 6.34 6.46 7.20 0.00
8.43 14.93 28.19 |

[ 14.17 17.69 19.34 22.58 26.15 22.67 21.92 16.03 10.02 12.86 15.03 8.43

0.00 10.43 20.50 ]

[ 5.57 7.57 12.17 14.66 20.31 18.95 19.08 12.65 10.94 14.57 17.87 14.93
10.43 0.00 15.91 ]];



Anexo III. Especificaciones técnicas
de los helicopteros no tripulados
utilizados en la resolucién de los
modelos

En este anexo se incluyen las especificaciones técnicas de los dos modelos de helicopteros no tripulados
utilizados para resolver los modelos mateméticos. Ya que de los drones multirrotor eléctricos solamente
se tenia informacién consultable de manera online, esto es, los fabricantes no proporcionan una hoja de
especificaciones, no han podido ser incluidos.
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Product Brochure
Scout B-330 UAV Helicopter
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Product De

The Scout B-330 UAV helicopter is designed to car-
ry payloads up to sokg (110lbs) for at least three
hours in a typical mission scenario. This includes
a fully autonomous take-off sequence, a mission
flight at variable speed, and a landing sequence.
The mission can be a preprogramed on the ground
control station (GCS) or it can be continuously
adapted by the operator.

Various safety features such as autonomous hom-
ing and automatic landing in case of link-loss as
well as redundant backup links are part of the
standard UAV helicopter system.

The Scout B-330 UAV helicopter is fully boarded
and sealed to operate under dusty, rainy and hu-
mid conditions like in the mountains or offshore.
The extremely stable flight behaviour in strong
wind is crucial for perfect data acquisition of many
sensor applications.

The development and production of the Scout
B-330 UAV helicopter, located in Switzerland, is
based on modern CAD tools and laser production
technology and fulfills highest certification stand-
ards

Aeroscout GmbH info@seroscout.ch
Technikumstrasse 21 www.aeroscout.ch
6048 Horw +41-41-3493385
Switzerland
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The Scout B-330 UAV helicopter can carry almost every
payload up to 5o0kg (110lbs). In the following, two typical
payload configurations are described. Aeroscout as a sys-
tem integrator has more than 10 years of experience with
the integration of highest grade sensor equipment on the
well-known Scout B1-100 UAV helicopter.

Laser Scanning with the Riegl VP-1

Area covered [kmZ2]: 1 6 10
Flight Velocity [m/s]: 5 10 15
Flight Altitude [m AGL]: 50 80 100
Scanning Angle [deg]: 75 110 110
Point to Point Distance [cm]: 6 10 15
Line to Line Distance [cm]: 6 10 15
Points density [pts/m2]: 300 100 50
Mission Duration [min]: 60 60 60
Data Size [GB]: 8 12 12

Photo overlay:

Power Line Inspection

Carrying a multi sensor payload composed of:

- Laser scanner VUX-1

- Gimbal mounted Corona camera

- Gimbal mounted high resolution photo camera

- Infrared camera for orthophoto (looking downwards)
- High definition video live stream

This results in a total payload weight of approx. 20kg
(441bs). The excess power allows power line inspection
above 2000m AMSL under heavy wind conditions.

Aeroscout GmbH info@seroscout.ch
Technikumstrasse 21 www.aeroscout.ch
6048 Horw +41-41-3493385
Switzerland

® Aeroscout GmbH, Switzerland Subject to change without notice
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Dimensions, length, width, height

Feature Value

420 X 104 X 120CM

Maximum take-off weight MTOW

140kg

Engine (gasoline, heavy fuel optional)

21kW (28HP)

Typical payload at 500m above mean sea level (AMSL)

30kg (66lbs)

Maximum payload at 5oom above mean sea level (AMSL)

5okg (110lbs)

Service ceiling (AMSL) with reduced payload of 13kg

3050m (10000ft)

Endurance with maximum payload

3h

Maximum horizontal velocity

100km/h (54kn)

Maximum rate of climb at MTOW and soom AMSL

7m/s (1370 ft/min)

Internal fuel tank (95 Octane gasoline) 15L
Onboard power generator for payload 1500W
Lifespan (true flight time) 2000h
Small maintenance interval (true flight time) 100h

Big maintenance interval (true flight time) 300h
Operating temperature -10°C to 40°C

Aeroscout GmbH
Technikumstrasse 21
6048 Horw
Switzerland

© Aeroscout GmbH, Switzerland

info@seroscout.ch
www.aeroscout.ch
+41-41-3493385

Subject to change without notice




UAV SYSTEMS
www.dragonflypictures.com

Tel 610-521-6115 ext.202

DP-14 Hawk

430 Lbs Payload Tactical UAV
VTOL: No Runway Required

Specifications

External hard points for
oversize items

DP-14 Hawk

Payload: 430 Ibs
Speed: 105 KTAS
Cruise speed: 72 KTAS

Rapid climb under load:
500 ft / minute

Stall speed: None
Stable hover: Yes
Crosswinds: 40 kts
Altitude: 15,000 ft

Our UAV are military-proven
and have successfully flown
thousands of hours. They are
now available for industry.

* Requires additional technology

Copyright © 2014 Dragonfly Pictures, Inc. (DPI).
All Rights Reserved.

‘DP-14 Hawk, 430 lbs payloé'd, VI;te.”I:naI cargo area 23 cubic feet

-

DPlis the industry leader in rotary wing unmanned aerial
vehicles (UAV) in the U.S. The DPI DP-14 Hawk is a vertical take-
off/land (VTOL) UAV that carries up to 430 Ibs internal payload.
The internal cargo area is 23 cubic feet in size, over 6 ft long, and
over 20 inches wide. The Hawk’s tandem configuration permits
fast, agile aerial delivery and haul back with precision flight, self-
deploy and self-recover, and precision drops (better than 3
meters) in unprepared, complex terrain. Onboard LIDAR and
powerful computers perform efficient path planning and
intelligent landing-site selection. Use of a relative positioning
system allows the DP-14 Hawk to self-launch and self-recover on
heaving, rolling, pitching ships with 8-inch accuracy CEP.*

Performance

Model

Hybrid heavy fuel engine
Fuel

Power

Electric generator

Gross weight

Empty weight

Payload volume

Internal fuel capacity
External fuel capacity

DP-14-T62

Solar T62

JP-5 or JP-8 Increase range:
80 Hp Trade payload for
£:2 fuel to optimize
900 Ibs

o e endu.ran.ce for your
23 cubic feet application

39.3 gal (270 Ibs)
30 gal (130 Ibs)



UAVY SYSTEMS

www.dragonflypictures.com

Tel 610-521-6115 ext.202

DP-14 Hawk

430 Lbs Payload Tactical UAV
VTOL: No Runway Required

Specifications

Add fuel to increase range, endurance

DP-14 Hawk

* Deploy in 15 minutes

* User-friendly waypoint
navigation

* Simple, one-person
operation

* No runway required

* Hand off control to a
remote team

* Onboard processing
for real-time, high-
bandwidth imagery, data

* User-defined lost link
protocols

* Detailed aircraft status

¥ Other options available.

Copyright © 2014 Dragonfly Pictures, Inc. (DPI).
All Rights Reserved.
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Carrying cargo inside the aircraft allows for fast, agile flight even under load

— up to 50% faster than a comparable sling-loaded aircraft.

Airframe Specifications Sensors and Capabilities

Model DP-14

Gear type Fixed/wheeled¥
Fuselage length 13.5 ft
Fuselage width 24 inches
Minimum rotor height 66 inches

Rotor diameter 13 feet

Rotor separation 8 feet

Endurance with typical payloads

* 2.4 hours, 430 Ibs payload
* 4.3 hours, 100 Ibs payload

.
<

P

Learn more:

LIDAR, IMU, GPS Yes
Ultrasonic rangefinder Yes
Nap of earth (NOE) flight Yes
NLOS operation Yes

Communication Package

Iridium Satcomm¥ Yes
Encrypted Yes
communications

UAV SYSTEMS

www.dragonflypictures.com

www.youtube.com/dragonflypicturesinc

600 West End of 2nd Street Essington, PA 19029
Info@dragonflypictures.com



