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ABSTRACT 
 
This paper describes the EFIGENIA EJ-1 
Short or Vertical take-off  and Landing 
(S/VTOL) autonomous intelligent unmanned 
aerial vehicle  (UAV). The EFIGENIA EJ-1 is 
an advanced aerodynamics design vehicle 
and avionics system which I  developed as a 
personal research project that I designed, 
builded and actually conducting a series of 
flight test.  A Digital neural network combined 
with a Fuzzy Logic System perform the best 
flight guidance, navigation and flight control 
condition operation. 
  
 
1. Introduction 
 
Short or vertical take-off and landing 
(S/VTOL) unmanned aerial vehicles are just 
one class of pilotless aircraft that captured my 
imagination. In particular, a personal 
predilection for Aeronautics and Electronics 
Engineering combination propitiated the birth 
of a robotic flying idea named EFIGENIA EJ-
1 Mozart. 
 
The EFIGENIA UAV Aircraft S/VTOL project 
start in December 1991. I worked as in the 
Aeronautical areas as in the Electronics 
(hardware and software) areas, designing, 
building, and conducting the EFIGENIA UAV 
flight test. 
 
The basic idea was to create an exceptional 
autonomous robotic flying machine that be 
capable of perform special and high risk tasks 
such as Rescue Works, Scientist Research 
support, in particular, collect environmental 

data to asses climatic change, atmospherical 
pollution analysis and geological survey.  
EFIGENIA also carry a small Forest 
surveillance and Fires prevention equipment, 
News transmission “in live” system, and a 
traffic monitoring report. 
  
EFIGENIA S/VTOL unmanned aerial vehicle 
requirements was an enormous challenge for 
me, because of the variety objectives in this 
research project. This included topics such 
as: 
 
� The design and introduction of the 

S/VTOL Rotor and Tailless Forward 
Swept wing Concept unmanned aerial 
vehicle. 

 
� The design and development of an 

intelligent adaptive reconfigurable (on 
hardware) digital neural network 
guidance and navigation computer. 

 
� Design and development of 

multiprocessor DSP embedded Fuzzy 
Logic flight control system. 

 
� Air vehicle sensor instrumentation 

development (Real-time airborne control 
system, data acquisition, and video). 

 
� ADPCM telemetry and telecontrol system 

based on Reconfigurable Computation 
devices. 

 
� Neural networks fuzzy logic system 

integration for EFIGENIA intelligent 
avionics system architecture. 
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2. EFIGENIA  UAV  System Overview 
 
The EFIGENIA UAV System configuration 
join important topics of Aeronautics and 
Electronics technology. Every EFIGENIA 
UAV aircraft component was designed, build 
and tested in my own workshop laboratory, 
including wings, fuselage, electronics 
equipment (hardware and software), 
propulsion units and station control. 
 
The EFIGENIA was designed and developed 
to validate and demonstrate the flying 
qualities and performance characteristics of  
a short or vertical take-off and landing 
(S/VTOL)  unusual experimental unmanned 
aerial vehicle that gives to the aerial  
 
vehicle the vertical flight capability and low 
speed flight characteristics of a helicopter and 
the horizontal cruise speed of a conventional 
aircraft (Figure 1). 
 

 
 

Figure 1. EFIGENIA S/VTOL-UAV Airplane. 
 
 
 
3. EFIGENIA UAV Airplane Design 

Philosophy 
 
The EFIGENIA  UAV is built of robust, 
lightweight, and high-strength materials. 
EFIGENIA´s aerospace design introduces a 
S/VTOL Rotor and Tailless Forward Swept 
Wing Concept with the purpose of allowing 
to the air vehicle an excellent aeromechanical 
behavior. 
 

The EFIGENIA is powered by two 2.0 HP 
engines located each one in the nose and tail 
fuselage respectively, and  one more 2,25 HP 
engine inside the aerial vehicle body.  In 
contrast, the tail engine has been adapted for 
conforming a thrust vectoring unit to aimed 
high performance flight control system, 
maneuverability and agility at low speeds. 
 
The air vehicle is capable of taking-off with a 
maximum weight of 8 Kg, endurance of 1,0 
Hrs and reaching a maximum altitude of 
7.000 Ft.  
 
The air vehicle control in Hover and transition 
modes is accomplished using a thrust 
vectoring unit which works in yaw and pitch 
axes. The control of the vehicle during 
forward flight is accomplished using split 
ailerons, small canard wing and flaps. Again, 
the thrust vectoring system remains active 
during forward flight mode; they contribute to 
the control power of the vehicle in this mode.  
 
The EFIGENIA do not have vertical tail, 
hence, the control is provided by two split 
ailerons, canard mobile surface control and a 
thrust vectoring unit which works in yaw and 
pitch axes. 
 
 
3.1  System Operating Modes   
 
The EFIGENIA S/VTOL-UAV  can be 
operated in two modes. This include:  
 
� Fully Autonomous aerial vehicle in which 

the EFIGENIA has a complete 
autonomous operation. 

 
� Semi Autonomous in which augmented 

stability assisting to a pilot-operator in the 
control station. 

 
 
3.2 Telemetry and Telecontrol 

Communication Systems 
 
The communication systems are capable to 
transport data from the EFIGENIA UAV to the 
control station, and in the contrary way 
(control  station to UAV). 
The Telecontrol commands are sent from the  
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control station to the EFIGENIA as in  
remotely piloted mode as in autonomous 
flight mode. The Telemetry system includes 
two communication channels: 
 
� The uplink channel which operates from 

the control station to the EFIGENIA UAV 
� The Downlink channel which operates 

from the air vehicle to the control station 
 
For this purpose I decided to develop an 
Adaptive Differential Pulse Code Modulation 
(ADPCM) Telemetry and Telecontrol System 
based on a reconfigurable hardware. This 
solution offer high performance for the 
telemetry and telecontrol digital processing 
data information.  In this way, the data are 
encoded in each channel for  the 
transmission over a UHF band data link, and 
decoded at the receiver to recover the 
individual data.  
 
Additionally, the vision system consists of a 
CCD video camera onboard the EFIGENIA 
which uses an individual transmission 
channel for transfer the video signal between 
the vehicle and the control station, in Real-
time (Figure 2). 
 
 

 
 
Figure 2. Telemetry and Telecontrol block 
diagram. 
 
 
3.3 The Control Station 
 
The flight operations of EFIGENIA UAV are 
specified by control station which because of 
its small physical dimensions  could be 
resided onboard card, ship, airplane or 
ground. The control station continuously 
maintain communication with the airborne 
platform and payload. 
 

This has been designed to operating under 
concept of “ virtual Cockpit” which allows to 
the operator the possibility of feeling the 
realism of flight operations, flight conditions 
and its performance. 
 
The pilot control unit consists of a instruments 
screen panel, a control stick and a keyboard, 
which are used for selecting and monitoring 
the aerial vehicle operation.   
 
On the other hand, the mission control unit 
generates all the information about the 
EFIGENIA mission objective task (Figure 3 
a,b). 
 

 
 
Figure 3 a. Station Control block diagram. 
 

 

 
 
Figure 3 b. Flight instruments screen. 
 
 
4. Adaptive Reconfigurable Intelligent 

Guidance, Navigation and Flight 
Control System for the EFIGENIA 
S/VTOL-UAV. 

 
The combination of neural network and fuzzy 
logic expert system make possible to create 
an effective method for implement the 
EFIGENIA autonomous navigation and flight 
control technique. In this way, the system 
allows a massive parallelism, learning ability, 
fault tolerance, etc., capabilities. 
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This system is divided in two important 
subsystems: The Adaptive Reconfigurable 
(on hardware) Digital Neural Network 
Guidance and Navigation Computer and the 
Fuzzy Logic flight control system computer. 
 
 
4.1 Adaptive Reconfigurable (on 

hardware) Digital Neural Network 
Guidance and Navigation Computer. 

 
Artificial neural networks have been used in a 
wide variety of Robotics applications.  The 
idea in the EFIGENIA adaptive 
Reconfigurable digital neural network 
guidance and navigation computer was to 
make an ideal technique for improving the 
aerial vehicle navigation process, obtaining 
as result high accuracy navigation data 
because of the adaptive nature of the system. 
 
 
This navigation computer is designed based 
on multiple parallel interconnected digital 
neural network chips architecture system, 
that I designed specially for the EFIGENIA air 
vehicle. 
During the flight, the system combines the 
navigation data information from multiple 
sensors such as GPS, Accelerometers, 
Gyros, and magnetic sensors.  The objective 
of this process is to provide high accuracy 
and low cost reliable system solution that 
ensures to the EFIGENIA a enhanced 
navigation accuracy and removes common 
errors from the system. 
 
For this purpose, I used a multilayer digital 
neural network  as on-line learning estimator 
because of its high performance in 
multivariable and non-linear systems.  In this 
way, The first step in the development of the 
guidance and navigation computer was the 
design and development of a digital neural 
network chip. 
 
This chip is based on a reconfigurable logic 
devices, which contains an important amount 
internal neurons (process elements). Each 
neuron process a 8 bits inputs, and 4 bits 
wide weights. All weights are stored in a 
external chip memory. 
 

Due to the parallel distributed processing 
properties of the artificial neural networks, the 
chip developed for this guidance and 
navigation computer allows that multiple 
chips  can be interconnected to expand the 
network, taking advantage on important 
system characteristics such as high digital 
processing speed, and fault-tolerance. 
 
The EFIGENIA UAV reconfigurable guidance 
and navigation digital neural network 
computer employ a GPS receiver, inertial 
sensors, and magnetic sensors as inputs to 
the system which allow to compute the most 
effective positioning operation and obtain 
high accuracy outputs  enhancing the 
navigation performance (Figure 5). 
 

 
 
Figure 5.Reconfigurable guidance and 
navigation digital neural network computer 
block diagram. 
 
 
4.2 The Fuzzy Logic DSP Multiprocessor 

Flight Intelligent Control System 
Computer. 

 
The EFIGENIA’s digital flight control system 
architecture is implemented using fly-by-wire 
techniques. 
 
All control laws computations are performed 
by a multiprocessor system computer based 
on nine  DSP controllers which run a Fuzzy 
Logic flight-control software at 90 million 
instruction per second (MIPS).  For facilitate 
the flight control tasks, the EFIGENIA has a 
wide amount of sensors placed over the body 
and wings, which allow collect data for its 
proper functioning.  
 
Hence, the system uses all this data  
information for the digital fuzzy logic 
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processing and compute commands to the 
servoactuators that provide the desired 
surface deflection and/or engines parameters 
control  obtaining the aerial vehicle response. 
 
Each DSP controller perform its own 
independently real-time task aimed a high 
process speed, and optimizing the fuzzy logic 
flight control algorithm performance. 
 
The modular architecture and construction of 
the EFIGENIA guidance and digital flight 
control system provides a number of benefits, 
including accommodation for future growth or 
configuration changes because the system 
architecture is capable  
of working with multiple chips in parallel 
offering massive parallelism, learning ability, 
fault tolerance, etc, capabilities. 
 
 
5. FLIGHT TEST. 
 
The performance of EFIGENIA EJ-1B 
MOZART S/VTOL UAV aircraft and UAV 
system is investigated in a series of flight 
tests. 
 
This experimental flights are made to verify 
and validate that the UAV aircraft and UAV 
system design and construction is operating 
as specified in the design requirements. 
 

 
 
 
 
 
 
 
 
 
 
 

6. EFIGENIA S/VTOL-UAV Applications 
 
The EFIGENIA is ideally suited for a high 
number applications, in particular, in 
situations where it is too dangerous or 
expensive to have a human pilot on aircraft. 
The system is designed to be man-carried 
and easily transported in a vehicle, and 
minimize the need for operator training.  
According to the mission objective, I designed 
some electronic equipment to use onboard 
first prototype vehicle that help to the vehicle 
to do specific task. This include: 
 
� Rescue works equipment. 
� A small remote sensing of earth 

topography. 
� Meteorological data collection. 
� Transmission of news “in live” in both TV  

and radio stations. 
 
 
7. Conclusions 
 
This paper has presented the EFIGENIA EJ-1 
short or vertical take-off and landing 
(S/VTOL) Autonomous Intelligent Unmanned 
Aerial Vehicle development and 
implementation in which the use of new 
technologies as in the Aerospace as in the 
Electronics sciences offer a high performance 
solution in the unmanned systems scientific 
research field. 
 
At the same time, EFIGENIA S/VTOL-UAV is 
an attempt to contribute with the 
enhancement of human kind quality life level.  
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