
SUBSCALE FLIGHT TESTING OF A GENERIC FIGHTER
AIRCRAFT

David Lundström* , Alejandro Sobron* , Petter Krus* , Christopher Jouannet** ,
Roberto Gil Annes da Silva***

*Linköping University, Linköping, Sweden
*Saab AB, Sweden

***Instituto Tecnológico de Aeronáutica, São José dos Campos, Brazil

Keywords: subscale, free flight test, demonstrator, data acquisition

Abstract

Recent technological advances in mechatronics
enhance the possibilities of utilizing subscale
flight testing as a tool in the development of air-
craft. This paper reports the current status of
a joint Swedish-Brazilian research project aim-
ing at exploring these possibilities. A 13% scale
fighter aircraft is used as a test bench for develop-
ing methods and procedures for data acquisition.
The aircraft is equipped with an instrumentation
system assembled from off the shelf components
as well as open source hardware and software.

1 Introduction

Since the birth of aviation, downscaled models
have played an important role in aircraft devel-
opment. Initially, simple free-flying uncontrolled
models were used to understand the physics of
flight. It was not long until these models were put
in wind tunnels, allowing easier quantification of
characteristics, and it has since then remained
the primary tool for aerodynamic studies. Nev-
ertheless, the high operational cost of wind tun-
nels and the increase of available computational
power are making engineers rely increasingly on
simulations. However, simulations can be hard to
verify, especially when applied to unconventional
and unproven concepts. Nowadays, with the new
capabilities of modern electronics, the interest in
free-flying subscale models is rising again in the
aeronautical community. With modern data ac-
quisition tools and remote control (R/C) systems,

subscale flight testing can provide aerodynamic
information in a way similar to a wind tunnel.
And more interestingly, it can be used for identi-
fication of flight dynamical characteristics during
early stages of design, becoming a valuable in-
put for risk reduction and for the design of flight
control systems. This paper describes an ongoing
research program, MSDEMO, in which the pos-
sibilities of subscale flight testing are explored.

1.1 Subscale Flight Testing

Testing of a scaled model in free-flight, equipped
with some form of data acquisition system, is
generally referred to as subscale flight testing
(SFT). NASA is in many ways the pioneer of
using subscale models in aircraft research. A
good historic summary is given by Chambers [1].
Free-flying models have been particularly used
for dangerous tests, such as high angle-of-attack
flight or to study departure modes. Spin mod-
els for updraft wind tunnels have been a standard
practice since the 1940s, but free-flight mod-
els have also been built for conventional wind
tunnels such as the NASA Langley Free-Flight
Facility [2]. Spin testing is also often carried
out using remotely controlled unpowered models
dropped from helicopters. In Sweden, this was
used during the Saab Viggen test program [3].
More recent examples of how drop models have
been used are the X-31 program [4] and Boeing
F/A-18E/F [5]. Subscale drop models have also
been used for studies of space vehicles such as
the Lockheed Martin X-38 and Japanese HOPE-
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X [6].
More advanced demonstrators are often pow-

ered by their own internal propulsion systems.
Some examples are the Rockwell HiMAT [7],
the NASA-funded McDonnell Douglas X-36 [8],
the Saab SHARC UAV [9], the NASA X-43A-
LS [10], the proposed Gulfstream Quiet Super-
sonic Jet [11], and the BAE Systems UAV tech-
nology research program FLAVIIR [12]. In all
these cases the configurations are highly uncon-
ventional and there is thus a desire to demon-
strate their feasibility without the cost or risk of a
manned, full-scale vehicle.

Recently, the use of subscale flight testing has
been extended to civil aircraft, as in the NASA
AirSTAR research program [13], in which scaled
models are used to explore an extended flight en-
velope for a civil transport aircraft.

Regarding blended wing body concepts, the
X-48 program from Boeing and NASA has been
using a scaled model to demonstrate the concept
and obtain more data without going to full-scale
[14]. An example of a pure research project with
partners from both university and industry is the
NACRE Innovative Evaluation Platform (IEP),
in which a modular, dynamically-scaled aircraft
is built to study environmental and safety issues
[15].

2 MSDEMO Project

MSDEMO is a research project that investigates
methods for subscale flight testing and demon-
stration, which also includes a research collab-
oration with the Brazilian universities Instituto
Tecnológico de Aeronáutica (ITA) and Univer-
sity of São Paulo (USP). It is a subset of a
larger initiative regarding Future Aircraft Design
and Demonstration (FADEMO). The MSDEMO
project as a whole is focusing on the following
topics:

• Possibilities and limitations of subscale
demonstrators in aircraft development,

• Dynamic scaling for development of con-
trol laws for unconventional configura-
tions,

• Scaling methods depending on the issues to
be addressed and the associated cost,

• Flight testing methods, repeatability and
uncertainty issues,

• Implementations of an efficient avionic
system for flight control and data logging.

A secondary objective of this project is to
promote and facilitate research collaboration be-
tween Sweden and Brazil in the aeronautical
field. This type of project is envisaged to be
suitable in that sense, since the valuable data
sets generated can also be used by other research
groups not directly involved in this project. They
can then also give feedback into the project,
which can in this way form an enabler for further
collaborative projects.

The MSDEMO project runs with independent
financing on both sides. The Swedish side of the
project, is funded by the National Program for
Aeronautics Research with a budget of approx-
imately 300,000 Euro for a two-year duration,
with a plan for continuation.

The project has an strong focus on minimum-
cost test techniques using as much off-the-shelf
equipment as possible. There is an ongoing tech-
nological revolution in electronics and mecha-
tronics. A good example is the Arduino and
Raspberry Pi development communities, making
it simpler than ever to fuse electronics and hard-
ware. The hobbyist R/C and "drone" commu-
nities are another example where sophisticated
electronics have raised the bar significantly in re-
cent years. Components such as miniature gas
turbine engines, powerful and precise actuators,
robust and redundant data links, telemetry sys-
tems, and other advanced equipment are available
at low cost. The open source community of au-
topilot systems such as Paparazzi [16], ArduPi-
lot/APM [17] or PX4 [18], is yet an example of
this revolution. MSDEMO intends to utilize this
technological revolution to bring down the cost
and maximize the technological benefit of sub-
scale flight testing.

The project makes use of various platforms of
different size and complexity. At Linköping Uni-
versity, the main research platform is an already
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existing subscale aircraft denominated Generic
Future Fighter (GFF), shown in Fig. 1. At Insti-
tuto Tecnológico de Aeronáutica (ITA) research
has commenced from different approach using a
low-cost commercial kit of a BAE Hawk. Since
there is an extensive database of this well-known
aircraft, it is interesting to explore how accu-
rately it can be understood using a simple low-
cost model. However, this paper focuses on the
research activities performed with the GFF plat-
form.

Fig. 1 . The Generic Future Fighter demonstrator.

3 GFF Demonstrator

The Generic Future Fighter (GFF) was built at
Linköping University in 2009 as a part of a re-
search program concerning modern fighter air-
craft design, financed by the Swedish Defense
Materiel Administration. The university’s part of
the project was to investigate the capabilities of
an absolute low cost remote controlled free flying
demonstrator. The project budget for the manu-
facturing and initial test flight was about 60,000
Euro. The GFF demonstrator was built in or-
der to investigate the feedback during the con-
ceptual design phase. The design of the GFF is
further described in [19], and some specifications
are given below in Table 1. It should be empha-
sized that the GFF airframe was selected for the
MSDEMO program purely for academic reasons.
The aircraft is a generic design and, although it
originated from a conceptual study at SAAB, it
has no couplings to any current or future SAAB
products.

The inertia of the GFF model has been mea-
sured using the pendulum and bifilar pendulum
methods described by [20]. The aircraft was sus-

Table 1. Main specifications of the GFF demonstrator.

Scale 13 %
Length 2323 mm

Wing span 1440 mm
Empty weight 15.0 kg

Engine JetCat P160
Fuel capacity 3,5 liter
R/C system Jeti Duplex

Servos Futaba Digital

pended in thin cables and put in pendulum mo-
tion. From the motion equations and the knowl-
edge of the aircraft weight and centre of gravity
(CG), the inertia is easily calculated. The same
technique has also been reported to work well in
other subscale projects [21] [22] [23].

The CG, in all 3 axes, was measured using
a precision scale put under each wheel. To get
the z-axis CG the measurements were taken at
two different angles, similarly as it is done on full
scale aircraft [24].

The initial goal of flight testing the GFF is
to see what parameters can be identified and to
what repeatability. It is also of interest to learn
more about data acquisition system limitations
and eventual requirements.

The original GFF aircraft is designed to be
longitudinally unstable, as any modern fighters.
However, on the subscale model the CG is moved
forward to achieve a stable aircraft that can be pi-
loted in open-loop. An eventual goal is to per-
form system identification using the stable con-
figuration and then, using simulation, to develop
a flight control system that would allow it to fly
unstable. Initial attempts show promising results
of flying subscale models at the same or even
higher level of instability than manned aircraft
[25]. Existing commercial off-the-shelf (COTS)
components, such as R/C servos and gyro sys-
tems are not a bottleneck.

3.1 Instrumentation

The GFF platform is equipped with an onboard
low-cost data acquisition system. Initial work
on an onboard logging system at the university
started in 2008 using a Diamond Systems PC
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board “Athena” with a Pentium III class proces-
sor running a streamlined Linux kernel as operat-
ing system [26]. The resulting system was how-
ever slightly oversized for some platforms, and it
was affected by timing problems caused by the
non-real-time operating system.

Taking into consideration the experience
gained it was decided to develop a new system
based on microcontrollers without any operating
system. This reduces the hardware to an abso-
lute minimum and therefore the cost, size and
power consumption. The new system, based on
a 32-bit Atmel microcontroller, reached a fairly
mature state as described in [27]. Everything,
including the ground-station and data-links, was
programmed from scratch. It was therefore la-
bor intensive to work with, and it also presented
a limited number of input and output channels.
Although it proved capable, during the initial
test campaign of the GFF this solution was put
aside in favor of a more compact, modular sys-
tem partially based on low-cost COTS compo-
nents. As explained in [25], the new generation
of hobbyist-type open-source flight controllers
based on 32 bit microprocessors offer excellent
data processing capabilities and are able to log
multiple channels at sample rates that seem suffi-
cient for flight-dynamics system identification.

The hardware currently in use is the Pix-
hawk board [18], an open-source project started
by the Computer Vision and Geometry Lab in
ETH Zürich, supported by the Linux Foundation
Dronecode community and the private company
3D Robotics. The widespread APM multiplat-
form autopilot firmware [17], also open-source,
is used to sample and log sensor data. This
firmware has also been modified in order to in-
crease the logging rate of some variables of in-
terest, such as pilot commands. The sensors al-
ready in-built in the Pixhawk board are inexpen-
sive and not certified for professional flight test-
ing, but have proved robust in harsh environments
with vibration and large temperature variations
such as those usually found in hobbyist-type op-
erations. The main board comprises two different
inertial measurement units (IMU) with an inte-
grated magnetometer, and a barometric pressure
sensor. These are complemented by an external

GPS antenna, a remote magnetometer, and vari-
ous additional peripherals as described below.
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Fig. 2 . Layout of the main components and sensors on the
GFF platform.

3.1.1 Nose-boom
The most important custom component of the
measurement system is the nose-boom, Fig. 3.
It was designed and built at the university and is
based on a 12 mm outer diameter carbon fiber
tube. In the tip it houses a pitot-static system
designed following general pitot tube recommen-
dations by Gracey [28]. On the sides two vanes
are mounted for flow steam measurements. The
two vanes are pivoted on ball bearings and the
position readout occurs contact-less through the
use of hall sensor encoders. These encoders were
initially planned to be assembled from Austrian
Microsystems AS5X sensors, but a more practi-
cal solution was found by scavenging parts from
a BlueArrow ”DMS28013MG” R/C servo. That
particular servo houses a magnetic induction ro-
tary encoder complete with a stabilized voltage
regulator and a linear analogue output of 0-3V.

3.1.2 Control surfaces
Control surface position is an important parame-
ter to log. However installing position encoders
on every control surface is complicated and not
necessarily needed. Considering that a modern
servo has very little deviation from commanded
position to actual position, it was decided to only
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Fig. 3 . Airdata nose-boom with alpha and beta transducers
installed on the GFF platform.

log the servo signals and not the actual servo
position. Each control surface has been care-
fully mapped up as shown in Fig. 4. Addition-
ally, to further reduce the uncertainty between
commanded position and actual position, the re-
sponse of the servos has been characterized in a
specific test rig. Future plans also includes in-
stalling a custom position encoder on a selected
control surface purely to investigate in flight the
validity of this assumption.

Fig. 4 . Example of the deflection angle calibration per-
formed on the control surfaces. The nonlinearity between
servo input and control surface output is caused by the ge-
ometry of the servo linkage.

3.1.3 Fuel consumption
The influence of the fuel quantity on the weight
of the aircraft is not negligible, and considering

that the fuel is burned at a relatively high rate this
must be logged during flight. This is estimated by
measuring the power drawn by the jet-engine fuel
pump using voltage and current sensors. After
appropriate calibration, the accumulated current
draw of the fuel pump is considered as propor-
tional to the burnt fuel.

3.1.4 Video camera
Light micro-cameras are placed on the aircraft
in order to record phenomena of interest. Since
the flight controller is able to export data in real
time, flight information can be directly overlaid
on the video using an on-screen-display (OSD)
microcontroller. This can also be done through
the ground-station, or afterwards during post-
processing from saved video and data files. This
is a valuable tool for verifying the accuracy of the
IMU and its estimation of the aircraft’s angular
position in space, i.e. the accuracy of the autopi-
lot’s artificial horizon. An example is shown in
Fig. 5 where flight data are overlaid on the video
from a nose mounted camera on the GFF.

Fig. 5 . GFF demonstrator performing sustained high-g
turns to test the robustness of the attitude estimation. Flight
data are superimposed on real video using the open-source
ground-station software Mission Planner [29].

3.1.5 Telemetry and ground-station
The pilot’s R/C system in the 2.4 GHz band
already integrates a telemetry downlink which
displays the most safety-critical variables, such
as control-signal strength and onboard voltage
levels. In addition to this, bi-directional radio
modems in the 433 MHz band are used to trans-
mit other sensor data in real time to the ground-
station computer, where they are displayed and
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recorded (for redundancy in the case of mishap)
using the open-source ground-station software
Mission Planner [29].

3.2 Certification

In order to operate the GFF demonstrator within
Swedish airspace, it is certified as a Class 2 UAV
accordingly to the Swedish Transport Agency.
All operational procedures are driven by these
rules. Flights and maintenance are kept in log-
books and the pilot needs a UAV operator cer-
tification. By these rules, the GFF is limited to
fly only over unpopulated areas and only within
line of sight of the ground operator. The latter is
an important limitation for flight testing design.
Technically, it would be simple to extend the op-
erational range by adding a long range data and
video link and piloting from the ground-station.
Hobbyists typically do this kind of piloting ille-
gally using R/C and video links for the FPV (first
person view) hobby. However, in order for the
transport agency to allow such activities, a re-
stricted airspace would be required and such cost
is far beyond the budget of MSDEMO.

4 Flight Testing

Flight testing is generally divided between per-
formance flight testing and parameter identifica-
tion flight testing. With the GFF the intention is
to look at both types of testing although the latter
part is prioritized.

Flight testing is ongoing at the moment and
different flight testing techniques are currently
being evaluated. Comparison is made to manned
flight testing where methods and flight test ma-
neuvers are well established. A limitation with
the line-of-sight requirement is that some of the
traditional flight testing maneuvers are difficult to
execute. Consequently, most testing needs to be
carried out within a race track or figure 8 flying
pattern. The testing is done on the straight legs of
those patterns. Once turning into a straight line,
the pilot has very little time to stabilize the air-
craft and perform the maneuver before it is re-
quired to turn again. An additional challenge is
that in every turn the increased drag tends to slow
down the aircraft. If throttle is left in a fixed posi-

tion the aircraft decelerates in turns and acceler-
ates through out every straight path. For tests re-
quiring a constant speed the pilot need to actively
work the throttle in turns in order to compen-
sate for the increased drag. Due to these circum-
stances a skilled pilot is essential. The telemetry
data are helpful to aid the pilot in adjusting the
test speed and altitude. These parameters are ei-
ther called out by the ground-station operator or
by the in-built bi-directional telemetry function
of a modern R/C system: on the R/C transmitter
used here, a Jeti DC 16, the aircraft speed for in-
stance can be presented to the pilot as an audible
signal, or called out as a synthetic voice.

A flight test typically involves three people.
One pilot, one ground-station operator, and one
safety director. The test site is a closed military
airfield near the university campus, and it allows
testing to be carried out on a flexible schedule.

Most flight testing maneuvers are flown man-
ually, but to trigger dynamic motions for param-
eter identification, automated control pulses are
used. This has been initially solved by using pre-
programmed control sequences in the R/C trans-
mitter, which the pilot triggers from a momentary
switch. If the sequence needs to be aborted the
pilot simply releases the switch. This works for
simpler excitation signals with the default R/C
transmitter software. Fig. 6 shows an example
of a simple doublet input on the canard surfaces
made with this technique. For more advanced ex-
citation signals such as sinusoidal or harmonic in-
puts, a different solution is needed. A method to
generate excitation signals from an external com-
puter and pass it through the R/C transmitter is
currently under development.

Although the flying of the GFF has been
fairly uneventful, some experiences are worth
mentioning. When making an unstable aircraft
design stable by moving the CG forward, the
main landing gear location should ideally move
forward an equivalent distance. When the GFF
was built this was not possible since the re-
tractable landing gear would not fit in a more for-
ward position. Consequently, the weight distri-
bution between the main and nose landing gear
is significantly out of the norm. This leads to
poor ground handling characteristics and difficul-
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Fig. 6 . Doublet input on the canards at an airspeed of 48
m/s. The final control surface deflection is estimated from
the calibrated command-signal through the simulation of
the servo actuator.

ties to rotate during take-off: a high speed and
full deflection of the control surfaces are needed
to get airborne. Furthermore, the wheels on the
retractable main landing gear are relatively small
due to limited internal space in the aircraft. This
was not identified as a problem initially since the
tires, made for R/C jets, met the weight of the
aircraft. However, due to the high take-off speed
needed, these wheels reach more than 8,000 rpm
at rotation speed. At one point the tires were ac-
tually launched off the rims due to the high cen-
trifugal forces. The lesson learned is to spin the
wheels in a test rig before first flight, as well as
not to neglect the rpm at which they actually spin.
Special fiber reinforced rubber inlays had to be
molded for the tires.

4.1 Flight Data Analysis

All flight data and video recorded onboard are
downloaded into the ground-station computer
immediately after each flight. A MATLAB
script has been develop to uncompress, visualize
and analyze any desired variables directly in the
ground-station, allowing quick decision-making
before the next flight. This is specially useful
when trying to progressively expand the flight en-
velope. An example of data handling is given in
Fig. 7 for a minimum-speed maneuver, as part of
the investigation of the high angle-of-attack re-
gion and stall behavior of the platform. A three-
dimensional animation tool has been integrated
in the script in order to assist the flight examina-

tion as well as to visually compare the response
of the simulation model against recorded data.
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Fig. 7 . Example of a minimum-speed maneuver intended
to investigate the high angle-of-attack region and stall be-
havior. Data is analyzed and presented by the MATLAB
script, which also includes a 3-D visualization tool.

Additionally, other commonly available soft-
ware such as the open-source simulator Flight-
Gear or Google Earth can be used to plan or to
visualize flight tests in first- or third-person view,
as shown in Fig. 8.

Fig. 8 . The freely available software Google Earth is also
helpful for flight analysis and planning. The reconstructed
trajectory is imported using the open-source ground-station
software Mission Planner [29].
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5 Discussion and Conclusions

The project is running at the moment of writing
this paper, and the first flight test data have just
started to be produced and shared among the part-
ners.

One of the goals is to see what can be
achieved with a limited budget and how a col-
laborative project of these characteristics can be
effectively conducted over a long geographic dis-
tance. This type of project seems to be suitable
in that ways, since data produced at one location
can be easily shared and analyzed by other part-
ners. Considering that the generation of experi-
mental data is a relatively costly part of a project,
it is effective to involve more parties to work on
the data. In addition, various platforms with dif-
ferent degrees of fidelity and complexity are pro-
duced by the different research groups.

On the flight testing procedures and process-
ing of flight test data there are many open re-
search questions. It remains to be seen what
results can be achieved towards the end of the
project. It’s clear that traditional testing methods,
as used in full scale, will not work directly.

The low-cost Pixhawk flight controller has
been working satisfactorily in the testing. For the
time being, it has only been set up as a passive
data acquisition unit although it has the capacity
to also do closed loop control. It would be inter-
esting to use this capability to semi-automate the
testing procedures. For instance, it would help to
have functions such as an automatic speed hold,
or altitude hold. Some of the limitations of the
Pixhawk as a data acquisition system are that it
has a limited amount of analog inputs and also
relatively limited logging rates of about 50 Hz. It
is probable that for some of the tests a separate
external computer or an additional logging sys-
tem may be needed. New solutions based on real-
time Linux-based platforms such as Navio2 and
Raspberry Pi are being studied at the moment.
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