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When this report is published FOA has ceased to exist. A
new agency is formed as a result of a merger with Aero-
nautical Defence Research Establishment jan, 1st, 2001.
More than half a century of research experience, system
and defence knowledge, will in the future be developed
into new combinations, in new networks, for coming

challenges.

For more information please contact us or visit our web-
site www.foi.se. We especially welcome you if you wish to
work or co-operate with us.
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A radar image of Uppsala city acquired with the airborne VHF SAR CARABAS-II. The radar scene is 8.5 km by 8.5 km
and has been generated by processing the frequency band 22-82 MHz. The radiometrically calibrated and geolocated
image has an original, non-resampled, spatial resolution of about 3m by 3m.



Contributions to several theoretical studies ordered by the
Defence Material Administration have also been given.

High power microwave transistors

Silicon Carbide (SiC) and Gallium Nitride (GaN) are
promising materials for high power microwave MESFET
and HEMT amplifiers. Theoretical calculations indicate
that such transistors can have output power densities a
factor 5-10 higher than today’s standard.

We are studying SiC MESFETs on semiinsulating
substrates in collaboration with CTH, KTH and LiU.
During 2000 SiC MESFETSs, fabricated on a structure with
non-constant doping-profiles in the channel and buffer
layers, have been studied in detail. A very good
correspondence between experimental DC-characteristics
and physical simulations was obtained, when using the
doping profiles from SIMS measurements. Work on non-
linear transistor modelling as support for transistor and
amplifier design has been started.

Microwave photonics

An initial study of the possibility to use oprtical
beamforming methods to control a microwave antenna
array has been made. This technology can be of special
interest for arrays at lower frequencies and for large arrays.
The realization of an optical feed network for an electrically
steerable array for EW applications, preferably at lower
microwave frequencies, has been proposed.

High Power Microwaves (HPM)

The focus of the HPM project has to some extent been
shifted towards protection methods for front-door
coupling, in particular for phased array antennas. This
work comprises initial investigations of using intentional
electric discharges to reduce the coupling as well as the
application of transient suppressors. Further work on the
significance of directivity effects in susceptibility testing,
especially concerning the relation between anechoic and
reverberation chamber testing, has been carried out. In
the field of numerical modelling further development has
been made on the semi-empirical model of apertures and
on modelling of microwave discharges in apertures.

Antennas

The design of the antenna system for the Swedish low
frequency airborne synthetic aperture radar system LORA
has been finalised. The LORA system is an experimental
ultra wide band radar operating in the 200 to 800 MHz
band, and is partly based on the experience gained from
the earlier CARABAS project. The work carried out
recently also includes simulations, design and
measurements of a balanced and matched antenna feed.

Possible antenna concepts for man-held or vehicle
mounted mine detecting radar systems have been studied

in a project supported by the Swedish Rescue Services
Agency (SRV). In this work focus has been on exploring
fundamental properties and possible design of wide band
Ground Penetrating Radar (GPR) antennas in the vicinity
of a lossy ground. Theoretical properties of dielectric rod
antennas have been investigated. An experimental TEM
horn antenna (MPAX) designed earlier has also been
evaluated by measurements.

Several activities with focus on Computational
Electromagnetics have been pursued. A three-year project
under the National Aeronautical Research Program
(NFFP), in which we participated, has been successfully
completed. The objective of this project was to develop
numerical electromagnetic codes for Swedish industry.

In focus: Multipurpose Antenna Arrays

The active antenna arrray technology, earlier regarded
as an exclusive and expensive solution for large scale
applications, is currently being considered for use in many
future systems, military as well as civilian. The main driving
forces behind this are advances in MMIC design,
microwave multilayer packaging technology, digital beam-
forming and EM simulation of antenna arrays.

As circuits and antennas now tend to be more and more
integrated, the realisation of platform integrated front end
systems with internal signal processing will be possible.
Furthermore, wideband phased arrays can be used not only
for electronic warfare purposes but also for truly multi-
purpose systems, where a number of functions within ra-
dar, warfare, communication, navigation, positioning, etc,
can be performed in the same hardware — but with diffe-
rent software. Thus active antenna arrays do not have to
be designed for each separate purpose but may become
general reconfigurable "tools”, programmed to function
over a wide frequency band or with special properties
within smaller bands.

With this vision in mind our research activities
concerning active antenna arrays are focused on circuits
and apertures, which are miniaturized in size, cover a large
frequency band and include possibilities for electronic
tuning and/or reconfiguration.

MMIC circuits

One circuit example is a fully integrated X-band recei-
ver front end based on a singular downconverting stage.
Here image rejection mixers and tunable filters are key
components. We have realised MMIC mixers with a
measured image rejection of 45-50 dB and a conversion
loss of 9-11 dB over the full X-band. The IF frequncy is
about 1 GHz as indicated in Figure 13. Furthermore, a
frequency tunable recursive active MMIC filter has been
designed using a balanced topology with two identical
second order filters placed between two Lange couplers.
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Figure 15. MMIC on-chip receiver for X-band with a
balanced tunable active filter (left) and an image rejection
mixer (right). The size of the chip is about 3x6 mnr’.

The tunability is accomplished by using time shifters
and the relative tuning range is about 20 %. By
combination of these circuits a one-chip receiver has been
designed (Figure 15). The circuit simulations indicate that
the performance of this chip may be adequate for multi-
channel receivers of future adaptive array antennas.

Circuits with very wideband properties such as power
splitters and time shifters, developed for EW applications
(Figure 14), are of considerable interest for multipurpose
systems. A power splitter divides the incoming signal in
two equal parts for the two output ports. By cascading a
number of these circuits a power distribution network can
be realised. Traditional passive power splitters like
Wilkinson couplers are lossy, which limits the possible size
of the network. We have developed in MMIC technology
an active power splitter, where the signal from input to
each output is amplified. The isolation between the outputs
is also much improved, which together with the elimina-
tion of the loss problem, makes it possible to realise very
large distribution networks. As an example (Figure 16) an
active beam forming network for 2-18 GHz using three
1:2 power splitters and four 5-bit time shifters has been
developed as a building stone for phased arrays.

Figure 16. Active beamformer consisting of an active power
splitter 1:4 and time delay elements. Frequency range 2-18
GHz. The MMIC chip size is about 5x6 mnr’.

Antenna apertures

Designing antenna arrays for wide frequency bands is
a difficult task. For the planar configuration in Figure 13
it is of large importance to minimize the thickness of the
structure, which limits the widebanding possibilities. For
this case we have chosen an aperture coupled patch array
and various means to increase its originally rather modest
bandwidth have been investigated. With a two-layer patch
structure a relative bandwidth of 20-30 % can be obtained.

Arrays consisting of tapered slot antenna (TSA)
elements are usually the most appropriate choice for wide-
band applications. The frequency range of 2-18 GHz can
be covered by two units. However, these elements have a
considerable extension in the broadside direction, usually
several wavelengths, and cannot be easily integrated with
the beamforming network.

We have studied the properties of phased array
apertures with TSA elements using electromagnetic simu-
lation software and laboratory experiments. Our recent
activities include the design and evaluation of a dual polari-
sed antenna array for 2-6 GHz, consisting of two displa-
ced co-located linear polarised arrays. In each array there
are 7x8 elements. Focus has been on experimental
evaluation of the array to verify the design and obtain a
starting point for the development of a corresponding array
for the 6-18 GHz band.

An example of the electromagnetic field simulation
results for the 2-6 GHz array is shown in Figure 17. The
elements have been excited with an internal phase
difference to produce radiation in the 30° direction off

broadside.

Figure 17. The simulated electromagnetic field in an infinite

array of stripline fed tapered slot antenna elements. The

elements are excited to produce a wave front in a direction of
30 off broadside. A photo of the antenna element is shown

at the bottom of the figure.



Department of Surveillance
Radar

Dr.Hans Hellsten
Head of the Department of
Surveillance Radar

The focus of the Department is on long-range radar
reconnaissance and surveillance. There is an increasing
need for flexible systems with wide coverage both in time
and space, having the capability to detect all types of gro-
und and air targets. Decision-makers at various levels
within the Armed Forces should have access in near real-
time to images of targets, including information of their
type and position. The images may show the position of
own and enemy resources, communication networks, sta-
tus of infrastructure etc. The next generation of radar
configurations and systems should be embedded in such
an envisioned dynamic command and control structure
to attain dominant battlespace awareness, an advantage
provided through information superiority.

The main research efforts at the Department concern
basic principles and technical realisations of system
concepts, both at VHE UHF and at microwave bands.
Knowledge of target signatures at low frequencies demands
development of scattering models, simulations and
verifying radar measurements. For microwave radars the
activities primarily address problems in multifunction ra-
dar, where the use of active digital array antennas combined
with powerful signal processing is an emerging field of
interest. This gives flexibility and new possibilities
regarding beam steering, radar energy utilization and jam-
mer and clutter suppression.

The major radar equipment available at the Depart-
ment for use in field experiments consist of the airborne
VHE synthetic aperture radar (CARABAS-II) and an S-
band radar with a receiving digital antenna. The airborne
UHEF (200-800 MHz) SAR system LORA (Low frequency
Radar) is scheduled for the first imaging measurements in
2001.

The Department has participated in different studies
for the Swedish Armed Forces under the concept of Revo-
lution in Military Affairs (RMA). One of the important

cornerstones of RMA is superior situation awareness. This

gives you the ability to act faster and more precisely than
your opponent. The requirements for long range, large
volume and wide area surveillance will predominently be
performed by different types of radar systems, especially
in high altitude surveillance platforms. Different radar
concepts have been presented which can enable us infor-
mation superiority in the operational area.

High performance UHF air surveillance

For several years a concept for distributed radar known
as AASR, or “Associative Aperture Synthesis Radar”, has
been under development at the department. The basic idea
is to adopt a grid of radar stations relying on range and
doppler measurements only, but without angular infor-
mation, for air surveillance. Targets are positioned by tri-
lateration. The idea was contrived originally in 1992 as a
technique in which VHF frequencies could be combined
with reasonably small antennas for air surveillance radar.
The motivation for VHF was the need to counter stealth
and detecting concealed targets.

The main challenge in developing the idea is to find
robust ways of associating detections at different stations
to one and the same target. The use of correlations of higher
order time derivatives of radar range for a target between
different stations was the originally suggested method.
Several improved suggestions came into light. In 1998 the
association problem was attacked in an entirely different
fashion leading to a different system concept, provisionally
called AASR-II. Experimentation was initiated in 1998
to obtain true radar data for verification of the AASR-II
concept. Experimentation has continued throughout 1999
and 2000.

With AASR-II important advantages of the trilateration
technique for high performance radar were recognized.
The suggested frequency was UHF. The main drawback
of AASR-II was the necessity to have several stations in a
cluster at each site. Further development revealed the
possibility of having just a single station at each facility,
while keeping the high performance of AASR-II.
Significant efforts to develop this new concept have been
spent during the year and a patent process for this new
concept is now initiated.

Furthermore, a study has been initiated during 2000
for UHF acrostat radar. The concept exploits the large
volume available inside an aerostat to occupy a large
lightweight UHF array antenna.

CARABAS-Il operations
The airborne VHF SAR system CARABAS-II has been
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operated extensively during the year. A number of field
campaigns for both military and civilian customers have
been carried out, requiring more than 50 hours of flying
time in total. The largest effort was the participation in
the military exercise "Focus 20007, held within and in the
vicinity of the test range Vidsel in northern Sweden. The
CARABAS-II sensor suite was not a full partner of the
exercise but was used on a test basis in the events focusing
on international peace support operations. Sweden has
offered to have a reconnaissance squadron of up to 10
aircraft able to deploy overseas within 30 days. The
objective of including a VHF SAR in the training pro-
gram was to investigate how this new sensor type can be
integrated with fielded reconnaissance systems to improve
the overall capability. The concept of operations is to use
the VHF SAR to screen large areas and detect potential
targets with a high probability based on the proven change
detection approach. The sorties for the squadron units
are then to verify and identify the detected candidates by
means of aerial photography, a task limited to small areas
pinpointed by the radar. CARABAS-II covered the full
area twice each day and in between and during the nights
various surface-to-air defence units relocated on the gro-
und, violating the regulations in a stated treaty. A crucial
part in the preparations was the development of a
streamlined processing chain, including the
implementation of a new fast SAR algorithm as well as
software for geocoding and change detection applied on
the time series of generated radar images.

CARABAS-II has also been tested against an upgraded
jammer device with some new jamming principles
available. Radar signatures of a number of different army
vehicles have been collected, including fielded units,
prototypes under development and various decoy targets.
With economical support from a timber company an area
of about 600 km?* has been imaged to investigate the
performance of stem volume retrieval over forested terrain
exhibiting a variability of the topographic conditions.

SAR image formation algorithms

SAR image formation involves processing (inversion)
of pulse echo data to form high-resolution radar images
of ground objects. When the radar pulse echoes are
collected along a linear aperture, the exact inversion pro-
blem may be solved in the frequency domain using fast
transform techniques. Alternatively, the inversion may also
be solved in the time domain by so-called back-projection
integration. The main advantage of back-projection
compared to frequency-domain methods is that the for-
mer can handle any aperture geometry and is therefore
the preferred choice when the flight track deviates from
being linear. However, a significant drawback with earlier
back-projection algorithms has been the heavy

computational burden. For example, an image with
N x N pixels and an aperture with /V positions requires
about N” number of operations.

We have shown that the back-projection integral can
be partitioned (factorized) using a recursive method. Each
recursion stage then consists of integrating along sub-
apertures of increasing length and forming images with
successively finer spatial resolution. The algorithm
represents the images in local polar co-ordinates which
drastically reduces the number of necessary operations. A
full resolution image in a Cartesian grid is formed during
the final processing stage. The total number of operations
for the factorized back-projection algorithm is
nN’log N where 7 is an integer which amounts to the
degree of factorization. Hence, the factorized back-
projection has a computation effort similar to frequency-
domain algorithms when 7 is small. In this manner, we
have achieved a significant breakthrough in SAR proces-
sing. The algorithm has the advantages of time-domain
methods, i.e. accurate wide-beam compensation for non-
linear apertures and small computer memory requirement,
while at the same time a small computational effort in
parity with frequency domain methods.

., i \ k

Figure 18. Image over Linkiping processed with the factorized
back-projection algorithm.



The factorized back-projection has been implemented
and verified in the operational CARABAS SAR proces-
sor. Practical experiments on Sun Ultra-30 workstations
show that the computation time for SAR image forma-
tion is reduced by more than two orders of magnitude.
Several days of processing time now takes a fraction of an
hour. The algorithm will also be important for microwave
SAR in the future when wider beamwidths are used to
increase spatial resolution in strip-map mode. An example
of an image over Linképing is shown in figure 18 which
has been processed with the factorized back-projection
algorithm.

The LORA system

LORA is a generic multimode radar operating from
200 to 800 MHz in the UHF-band. The system is desig-
ned for a wide range of applications and experiments, both
airborne and on the ground. The prime usage will be high
resolution SAR and GMTTI (Ground Moving Target
Indication). The system design is based on the successful
CARABAS program.

One of the applications for the LORA system is to
detect moving ground targets. This requires that the
antenna system contains a number of antenna elements
in the line of flight in order to suppress the background
terrain clutter. In principle, consecutive images with a small
time gap can be made during the flight and succesively
subtracted from each other. The stationary background
will then be cancelled out while signals from moving
objects will remain. Signal processing techniques for
GMTI are being developed and the hardware system has
been specified and designed. During the year several
subsystems have been manufactured and delivered from
subcontractors. System integration and testing are in pro-
gress at FOL.

Figure 19. The Data Control Unit (DCU) of the LORA
system

The RE, digital control, and data collection systems
(figure 19) have been built very flexible to meet all possible
needs in the upcoming testing. The data flow in the sys-
tem is completely data driven, allowing new features to be
incorporated at a later stage of development.

The LORA array antenna system, consisting of two
transmitting and three receiving elements, is contained in
two push booms. One of them operates over 200—400
MHz and the other over 400-800 MHz. The electrical
design of the antennas has been finalized and the
mechanical design is in its final stage. A number of antenna
elements have been built and measurements have validated
the simulated performances. Flight testing will commence
the year 2001.

Microwave multifunction radar

Many future radar systems for various applications will
be designed as multifunction radars with array antennas
and powerful signal and data processing. Several
simultaneous functions for target search, track and
recognition will be possible. Adaptive and flexible control
of for example beam steering and energy utilization give
optimized performance with increased jamming and
clutter resistance and robustness. Signal and data proces-
sing for active digital array antennas combined with
advanced waveforms and measurement geometries offer
new possibilities for suppression of jamming and clutter.
Also increased range and accuracy of the radar system is
obtained. Wideband coherent waveforms, advanced sig-
nal processing and accurate electromagnetic target models
give possibilities for automatic target recognition of diffe-
rent targets.

Multifunction radar design and ideas of improved ra-
dar system concepts have been investigated for command
and control systems and weapon platforms. Increased
modularity, flexible control, decreased vulnerability and
increased jamming resistance allow new concepts for com-
mand and control systems and weapon platforms with
limited space and shared apertures with other command
and control and electronic warfare systems. The threat
environment and requirements on cost-effectiveness make
multifunction radar more important for future army, navy
and air force radar applications.

Digital array antenna

The experimental digital active array antenna has been
used for radar measurements and scattered jamming
measurements. The receiving antenna consists of a twelve
element linear array at S-band with individual receiver
modules with down-conversion and 12-bit analogue to
digital converters with buffer memories. The receiver sig-
nal bandwidth is 5 MHz and one Mword of twelve-
channel data can be recorded at 25.8 MHz sampling fre-
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quency. The measurements were performed both in an
anechoic chamber and outside from a roof-top site
overlooking nearby terrain. Accurate calibration of the
frequency and direction dependencies for the antenna
channels is important. A thorough overall system
calibration procedure is carried out in the anechoic
chamber and it is to some extent updated at the time of
each new measurement using an internal calibration
network.

Scattered jamming measurements

Terrain scattered jamming is a problem for many
airborne radar systems. Jammer signals entering into the
receiver antenna sidelobes can be suppressed by adaptive
sidelobe cancellation methods. However, jamming sign-
als can also enter via terrain scattering into the antenna
mainbeam and these signals are not easily suppressed
without also suppressing the target signals as shown in
figure 20. Terrain scattered jamming has been simulated
in anechoic chamber measurements by a rough surface
reflector. These short range measurements were perfor-
med to characterize the rough surface scattering
environment as shown in figure 21. Terrain scattered
jamming in the mainbeam is more evident for low sidelobe
antennas with a high suppression of direct path jamming
signals.
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Figure 20. Terrain scattered jamming scenario into
uv-coordinates (sin@ space). The jamming signal enters the
radar antenna sidelobes through the direct path and into radar
antenna mainbeam and sidelobes via terrain scattering. The
target signal has to compete with the terrain scattered jamming
signals from approximately the same direction in the
mainbeam.
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Figure 21. Rough surface scattering in an anechoic chamber.
The received signals are analyzed by the Capon directional
spectrum to characterize the scattering surface. The scattered
signals (blue) are about 60 dB lower than the direct path
signal. This can be compared with the Capon spectrum
without the rough surface reflector (red).



Department of Radar Sensors

Mr.Johan Soderstrom
Head of the Department of
Radar Sensors

The Department of Radar Sensors has about 30
employees, most of whom have master degrees in
electronics, physics or information technology. Higher
academic degrees are held by seven. The department
conducts applied research in the following main areas:

e Missile seekers
¢ Land mine detection
* Radar signatures

Within these research areas a great number of unique
experimental equipment and facilities have been

developed:

* Imaging mm-wave radar and an IR-camera as a
multisensor seeker.

* Mobile coherent radar measurement system (8-18 GHz)

* Airborne experimental system for anti-radiation
missile seeker evaluation (2-18 GHz).

¢ Man-carried mine detector (radar, radar and metal-
detector).

* Outdoor testrange for ISAR and mono-/bistatic
radar measurements (1-110 GHz).

Missile seekers

Within this area we study and evaluate different
problems in the duel between the seeker and the targets
including the ECM aspects.

For ground targets the problem is to accurately identify
and classify the targets and to handle ECM. The solution
under study is to utilise dual sensors and an advanced sig-
nal processing technique including datafusion. The sensors
must have high resolution, and we use IR and imaging
mm-wave systems in our research projects. For sea targets
there is less demand on resolution and we evaluate IR and
K -band radar for this application in another project. In
our view the multisensor seeker will be the future solu-
tion to the problem to obtain sufficient robustness and to
be able to handle the threat environment.

One of the used methods for studies in duels between
radar seekers and different kinds of electronic attack (EA),

is to measure and record target and decoy signatures, and
use the extracted data in computer simulators, running
many variable combinations to get a statistically reliable
result. The main research area is to develop accurate
measurement systems and advanced methods for analy-
sing the data. As a spin-off, accurate and relevant data
could be gathered from advanced jammers in development
and in production phase. During this year a couple of
such evaluations have been made.

In the field of ARM-missiles many measurements and
evaluations have been carried out. Data from the helicopter
borne measurement system could also be used for other
purposes such as ESM predictions and jamming power
attenuation/reflection studies.

Experience from measurements on real platforms in
real situations is a valuable human investment. Several
scientists benefit from this by participating in different
military studies as experts.

Land mine detection

Presently, the most important tool for mine detection
is the metal detector. With its help a vast majority of
presently existing mines may be detected. Modern metal
detectors are sensitive enough to detect even a small
amount of metal, but the high sensitivity also gives
drastically increased sensitivity for all other metal objects
in the ground. This results in a large amount of false
alarms, all of which must be treated with the same amount
of caution and carefulness. It’s in the light of this that
FOA since 1991 has done research in the field of mine
detection using ground penetrating radar, and presently
FOA has a leading position within the field of radar sig-
nal processing. The radar detects mines by recognizing
dielectric properties different from those of the
surrounding soil. These differences produce a reflection
of radar energy from the mine, which reveals its position
and depth. Together, the form and material of the mine
give it unique properties, a fingerprint for the radar, and
a possibility of identifying an anti-personnel mine or an
anti-tank mine, but above all the possibility of making a
discrimination between a mine and a false alarm. During
the last year robust algorithms for classification of anti-
tank mines in real time have been developed. The results
are promising. The method may be used for a system
carried by a person as well as for one carried by a vehicle.

The merge of the metal detector and the ground
penetrating radar into a multi-sensor system, is made to
combine the best properties of each sensor. Information
from both sensors brings increased confidence in mine
detection, an ability to discriminate from false alarms, and
in the long run a considerably higher speed and an
increased safety for the operator.

The research has been reported as papers. There is co-
operation primarily with STE and DTU in Denmark.
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Radar signatures

The main research effort within the area of radar
signatures is to develop models and methods for evaluation
of target and background signatures, on the basis of
theoretical and experimental results. This gives conditions
to achieve good signature management.

Columbus, an in-house development, is a software
tool for analysis of radar cross section of ISAR-data, which
has been further improved during the year. The ‘millen-
nium’ edition, contains a new module for statistical analy-
sis. Great effort has been put into optimising the algo-
rithms, and the program now runs 2-5 times faster than
before.

In order to simplify for users of Columbus, a new
data converter has been developed. The software converts
data from four Swedish RCS measurement facilities to
Columbus format.

Yre

Figure 22. ISAR-image of an aircraft model.

Polarimetric, 6-16 GHz, ISAR-measurements have
been carried out of a handful of objects in FOA’s anechoic
chamber ”"Stora Mithallen” (see Figure 22). The results
have been analysed and compared with theoretical data.

An RCS optimisation of an UAV has been per-
formed. The modifications of the original shape have
resulted in a substantial RCS reduction.

We have also developed a program for calculation
of radar cross section based on physical optics and where
the shape of an object is described by NURBS-surfaces.

A study of plasma as a radar wave absorber has been
carried out in collaboration with CTH. It turned out that
plasma under certain conditions could substantially reduce
the radar cross section. A deeper study is desirable.

In Focus:
Modern radar and ground targets

The ability to map terrain and to identify ground
targets in real time with radar is gaining importance in

applications like UAV-systems (Unmanned Arial Vehicles)
and missile seekers. Earlier it has not been possible to use
conventional radar in these applications due to the low
contrast between targets and background. The advances
in technology have made it possible to introduce coherent
radar techniques in these applications. The cost for the
necessary radar and computer components has decreased
and their performance has made it possible to implement
the algorithms in real time systems.

There are mainly two different approaches for
increasing the target to background contrast. One is to
increase the radar spatial resolution and the other is to
process the doppler generated by moving objects . The
mostly used methods are SAR (Synthetic Aperture Ra-
dar), spotlight-SAR, high resolution range profiling,
GMTT (Ground Moving Target Indication) or doppler
filtering.

The department of radar sensors operates a number
of different systems that can be used for experiments with
these methods, except SAR.

During the past year we have used the ARKEN-
system to perform measurements of ground vehicles in
terrain. ARKEN is a mobile coherent radar system with
high range resolution and doppler capability.

Conventional radar

Figure 23. Radar scan over the terrain which is partially shown
in the video image at the bottom. The lines indicate
corresponding sections in radar and video.

Figure 23 shows a 3D representation of the radar
signal from a conventional radar scan over the terrain. The
peaks at the edges of the red rectangle, indicate strong
radar returns from the trees and boulders that can be seen
in the video image.

Conventional radar systems are limited in resolu-
tion by the length and width of the transmitted radar pulse.
Hence the resolution in Figure 23 is fairly low, but this
limitation can be overcome by using advanced signal pro-
cessing, as is described below.
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High resolution range profiling

One way to increase the range resolution is to collect
radar returns at a number of different frequencies and then
use the inverse Fourier transform to calculate a range prof-
ile. By using this technique a resolution better than the
pulse length can be achieved.

Hasga |

Figure 24. High range resolution, achieved by stepped
[frequency measurement. Left: Single direction range profile.
Right: Scanned range profile. The arrows indicate viewing
direction of the radar.

The images in Figure 24, show a truck and a radar
reflector in the centre of the field indicated by the rectangles
in Figure 1. The objects are one third of a pulse length
apart (10 m).

In the single direction profile, the truck and the
reflector are well separated. The range resolution is
approximately 0.3 m, so the truck is also partially resolved
in range.

The right image in Figure 24 shows the same objects
with the radar scanned in small angular increments. The
lobe width of the antenna, gives a low angular resolution.
The angular profiles of the objects cover one antenna
beamwidth.

High angular resolution

By moving the radar and looking at the objects from
different locations, while keeping track of the phase of
the radar signal, the lobe width can be reduced using SAR
and spotlight-SAR-processing. By doing this, a more
precise location of the objects can be obtained and the
ground clutter reduced.

Doppler processing

By using doppler a moving target can be separated
from the background, even if the target itself has a very
weak return. In Figure 25 the band in the middle of the
doppler spectra is the ground clutter. The signal from the
vehicle is the broadened spectra, starting from the lower
right and moving up and to the left.

Figure 25. A Volvo making a U-turn in a field (not the same
field as shown in Figure 23 and Figure 24). The image at
right shows the doppler spectra as a function of time (time is
increasing upwards).

The doppler is positive (right half of spectra in
Figure 25) when the vehicle is moving towards the radar
and negative when moving away from it. As the driver is
turning, the back end of the car is skidding. This results
in the peak in the doppler signal just before the car is
moving perpendicularly to the radar and crosses the zero
doppler line.

The weaker parts of the target spectra (red) are
caused by vibrations and moving parts in the vehicle. These
properties can be characteristic for particular objects and
can therefore be used for target identification.

Knowledge and experience gained from the perfor-
med measurements will be used in development and
performance evaluation of future systems.
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Mines” SPIE’s 14th International symposium on Aero-

space/Defense Sensing, Simulation and Controls. Orlando,
USA, 24-28 April, 2000, pp. 146-155.

Reports:

M. Ahlberg, U. Backlund, B. Eriksson, I. Fingmark, S.
Hultberg, T. Lodehed, J. Norlin, C. Sahlin, A. Sund-
strom, 1. Séderquist, J. Thorpsten, R. Tryman
“Implementation of an Environmental Security System:
Final Report.”

(Text in Swedish. Abstract in English.)

FOA- R--00-01483-991--SE

S. Ahlberg

“Creation of High-Resolution Laser Radar based Digital
Terrain Maps for Applied Sensor Simulation.”
FOA-R--01207-408--SE
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R. Bergman

“A Study of Some Spatial and Spatiotemporal Methods
for Enhancement of Image Sequences.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01671-408--SE

H.-O. Betlin, J. Lothegird, A. Sume

“Determination of Surface Curvature with Radar Pola-
rimetry. Study of Spheroids.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01602-408--SE

K. Bertilsson
“Simulation of Erbium-Ytterbium. Co-Doped Fiber Las-

»

€rs.

FOA-R--00-01493-408--SE

S. Bjorklund, D. Axelsson

”Experimental Research Facilities at FOA for Finding Land
Mines with Radar in 2000.”
FOA-R--00-01810-310--SE

S. Bjorklund
"DBT release 2.14. A MATLAB Toolbox for Radar Array

Processing. Extension Guide.”
FOA-R--00-01592-408--SE

S. Bjorklund

”Estimation of the Number of Targets in a Radar Appli-
cation Using an Array Antenna.”
FOA-R--0-01805-408--SE

S. Bjorklund
”A MATLAB simulator for wideband radar and radio sign-

als received by digital array antennas.”
FOA-R--00-01809-408--SE.

S. Bjorklund
”Analysis of hot clutter in radar using spatial data.”
FOA-R--00-01807-408--SE

S. Bjorklund, D. Rejdemyhr
"DBT Release 2.14 A MATLAB Toolbox for Radar Array
Processing. Reference Guide.”

FOA-R--99-01376-408--SE

S. Bjorklund, P. Grahn, A. Nelander, A. Alm

"Hot clutter reduction in radar. Measurement report for
anechoic chamber measurements in Spring 2000.”
FOA-R--00-01806-408--SE.
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30

S. Bjorklund, A. Nelander, D. Rejdemyhr, P. Grahn
”Signal processing in directinal-of-arrival in multifunction
radar.”

(Text in Swedish. Abstract in English.)
FOA-R--00-001808-408--SE.

T. Boman
“A circular Antenna Array with Vivaldi-element.”
FOA-R--00-01789-504--SE.

T. Boman, L. Pettersson

“Direction Finding Error due to Scattering from Wind
Mills, Analysis and Computations.”
FOA-R--00-01522-616--SE.

M. Bickstrom, S. Silfverskiold, J. Lorén

“Microwave Field-to-Wire Coupling Measurements in
Anechoic and Reverberation Chambers.”
FOA-R--00-01538-612--SE.

B. Carlegrim, R. Gunnarsson, L. Pettersson, R. Erickson
“Properties of a 2-6 GHz Tapered Slot Antenna Array.”
FOA-R--00-01742-616--SE.

C. Carlsson, L. Carlsson, P. Grahn, P. Horling, E. Jungert,
P. Kl66r, F. Lantz, A. Lauberts, D. Letalick, A. Lindahl, ].
Schubert, D. Stromberg , J. Svensson, C.-L. Westerlund
“Multisensor Technology and Data Fusion - Aspects on
Sensor Selection, Data Administration and Development.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01577-408--SE

H. Eliasson, D. Evekull, H. Kariis

“Laser Protection Using Liquid Crystal Devices.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01537-612--SE

R. Erickson, T. Holmgren

“Antennas for Pulsed HPM-Sources. A Survey of the
Literature.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01668-612--SE

J. Fagerstrom, S. Leijon, N. Gustafsson, T. Martin
“A Study of a Three-Dimensional Photonic Band-Gap
Material in the Microwave Region.”

FOA-R--00-01566-408--SE

G. Forssell

“Model Calculations of Rough Surfaces - Adjusted to
Reflection Measurements on Colour Samples.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01478-615--SE

G. Forssell, T. Hallberg

“Polarization Properties in the IR Region of Painted
Surfaces and Rough Al Surfaces.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01646-615--SE

A. Fillman, C. Nelsson, G. Olofsson, M. Strémqvist
“Passive Remote Detection of Toxic Chemicals and
CWA: a Report on Trials, Calculations and Assessments.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01638-862--SE

T. Gundmark, W. Asp, C. Johansson, N. Karlsson, U.
Oreborn, U. Riif, M. Wilow

“Development of Signal Measurement Equipment.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01449-616--SE

T. Gustafsson

“Smart focal plane arrays.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01694-408--SE

T. Gustafsson, P. Carleberg

“The gaze-Direction-Sensor - a Key Component in a
Smart Display System.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01486-706--SE

O. Gustavsson, L. Sjéqvist, S. Karlsson, O. Steinvall, J.
Pettersson

“Study of explosively pumped lasers.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01695-310, 612--SE

E. Jungert, D. Letalick

“An information System for Target Recognition — Analy-
sis of Needs and Problems.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01607-408--SE

T. Kaijser

”The Primal-Dual Algorithm for the Assignment Pro-
blem.”

FOA-R--00-01496-408--SE

J. Karlholm, M. Ulvklo, J. Nygards, M. Karlsson, S.
Nyberg, M. Bengtsson, L. Klasén, A. Linderhed,

M. Elmqpvist

“The Target Detection and Tracking Chain: A Survey of
Methods with Special Reference to EO/IR Sequences.”
FOA-R--00-01767-408,616--SE



M. Karlsson, A. Lauberts

“Usage of Datafusion for Classification of Ground Targets,
a Preliminary Study.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01655-314--SE

M. Karlsson, A. Lauberts, D. Letalick, S. Nilsson, J.
Nygards

“Laser Radar/IR/millimetre-wave Radar in Seeker
Application. A Preliminary Study of Different Combina-
tions.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01552-314--SE

N. Karlsson, C. Johansson, M. Wilow
“Characterisation of Signal Measurement Unit, SMU, in
an Operation-like Environment.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01465-616--SE

A. Kjellstrom, L. Sarholm, M. Gustavsson, S. Abrahams-
son

“Study Tour to Cambodia. Studies of Mine Clearance
Activity, Mine Detection Dogs and Activities at Cam-
bodian Mine Action Center. “

(Text in Swedish. Abstract in English.)
FOA-R--00-01688-310--SE

P. Klum, J. Rahm, K. Rixon, L. Bergstrém, C. Larsson
“Mfactor 1.0 User Manual.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01546-616--SE

B. Knuthammar, F. Kullander, M. Andersson, P.-O.
Arntzen, S. Gruffman

“Initial Trials with a 4 Channel Fiberoptic Hydrophone
Array.”

FOA-R--00-01468-409--SE

E Kullander, B. Knuthammar, M. Andersson
“Fiber Optic Hydrophone Technology, a Review.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01467-409--SE

E Kullander, M. Andersson, A. Olsson

“Demonstration of a Four Element Fiber Optic Hydro-
phone Cable.”

FOA-R--00-01778-409--SE

E Kullander, B. Knuthammar
“Fiber Laser Hydrophones, an Introductory Survey.”
FOA-R--00-01779-409--SE

H.-S. Lee, O. Staaf, H. Ghaemi
“IR-Properties of Some Binders for the Coatings Industry.”
FOA-R--00-01576-615--SE

P-E. Martinsson, F Kullander, B. Knuthammar
“Construction and Evaluation of a Planar Fiber-Optic
Hydrophone for Military Applications.”
FOA-R--00-01481-409--SE

L. Morhagen, C. Karlsson, C. Carlsson

“Performance and Characteristics of Frequency Estimators
for Coherent Laser Radar Systems.”
FOA-R--00-01520-408--SE

C. Nelsson

“Project Optical Signatures - Fiscal Year 2000.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01732-615--SE

C. Nelsson , L. Bohman, R. Lindell, G. Forssell, S. Ny-
berg, L. Pettersson

“A Study of the IR Background - Strategy for Data
Acquisition.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01473-615--SE

33

C. Nelsson, R. Persson, P. Nilsson, A. Higard

“Results from Baltic 99 Maritime Measurements - Optical
Wave Propagation and IR-Background.”
FOA-R--00-01771-615--SE

C. Nelsson

“Remote Detection of NH, and SO, - a Study of the
Influence of the Atmosphere by use of Modtran and
Hitran-PC.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01443-862--SE

C. Nilsson, C. Lopes, A. Eriksson
“Optical Power Limiting - Investigation of New Materials.”
FOA-R--00-01680-612--SE

H. Olsson

“2-D Automatic Image Analysis and Image Enhancement
for Gated Viewing Imagery.”
FOA-R--00-01554-408--SE

H. Olsson
“An Implemented 2-D Local Feature Extraction Frame-
work.”

FOA-R--00-01553-408--SE
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J.-O. Ousbick

“Radar Absorbing Materials, an overview”
(Text in Swedish. Abstract in English.)
FOA-R--00-01543-615--SE

L. Pettersson
“Concept and Relations for the Analysis of Plane Periodic
Antenna Arrays.”

FOA-R--00-01666-616--SE

J. Rahm, H-O.Berlin, C.Larsson

“Development and Implementation of Columbus, a Tool
for ISAR-analysis. VU-SAT Report.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01491-615--SE

I. Renhorn, G. Carlsson, I. Engquist, T. Hallberg, L.
Holm, R. Lindell, C. Nelsson, R. Persson
“IRST:Airborne Sensor for Tactical Applications.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01437-408--SE

C-G. Ribbing

“Photonbandgaps - a research survey”
(Text in Swedish. Abstract in English.)
FOA -R--00-01432-318--SE

U. Ringh, G. Carlsson

“FOA/DSTO Uncooled IR-Sensors. Summary of Acti-
vities 1994-2000.”

FOA-R--00-01715-408--SE

S.J. Savage
“Defence Applications of Nanostructural Materials.”
FOA-R--00-01772-318--SE

S.J. Savage

“ISMANAM 2000. International Symposium on
Mechanically Alloyed, Metastable and Nanocrystalline
Materials.”

FOA-R--00-01625-318--SE

S. J. Savage, L.-G.Olsson, L. Lood
“Study Visit to Japan”
FOA-R--00-01580-318--SE

S. Sjokvist, M. Georgsson

“Thermal transport analysis of construction materials.”
(Text in Swedish. Absract in English)
FOA-R--00-01761-615--SE

L. Sjoqvist
“Adaptive Optics in Laser Countermeasures. An Intro-
duction.”

FOA-R--00-01736-612--SE

L. Sjéqvist, K. D’have, S. Hird, T. Matuszezyk,
P. Rudquist, S. Walles
“Laser Beam Steering - Final Report.”

FOA-R--00-01684-408--SE

O. Staaf

“Multilayered pigments for low camouflage paints.”
(Text in Swedish. Abstract in English)
FOA-R--00-01598-615--SE

O. Staaf, G. Forssell

“Polarization Properties of Camouflage Painted Surfaces.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01484-615--SE

O. Steinvall
“Waveform Simulation for 3-D Sensing Laser Radar.”
FOA-R--001530-612-408--SE

O. Steinvall, D. Letalick

“The potential of combined active and passive electro-
optical sensors.”

FOA-R--00-01605-408--SE

S. Svensson, S. Odman

“Optical R&D in Finland.”

(Text in Swedish. Abstract in English.)
FOA-R--00-01574-612--SE

M. Tulldahl, M. Andersson, B. Knuthammar
“Detection of Sea Mines with Airborne Lidar.”
FOA-R--00-01444-409--SE

M. Ulvklo, M. Karlsson, J. Karlholm, J. Nygards
“Signal Processing System Architecture for EO/IR Aerial
ATR: Specification of a Scalable Computing System.”
FOA-R--00-01768-408, 517--SE

H. Akermark

”Signal Processing in Radar Imaging Applications.”
(Text in Swedish. Abstract in English.)
FOA-R--00-01564-408--SE

H. Akermark

”Analysis of the Coupling of Target Motion to Radar
Imaging.”

(Text in Swedish. Abstract in English.)
FOA-R--01579-408--SE

Classified reports: 15



Table 2

Number of 00 |99 |98 |97 |9 |95 |9

employees at

Educational levels

Undergraduate 33 | 25| 28|28 |29 |27 |27

B.A. 13 131 23119 |9 11 11

M.Sc.Eng. 56 55| 57155 |59 |55 |53

Licentiate 6 6 6 |5 |4 4 3

Ph.D. 39 43 | 36| 28 |28 |24 21

Officer 1 1 |1 |2 1 1

Total 148 | 143| 151 136|131 | 122 | 116

Table 3

Commissioners [%] 00 |99 |98 |97 |95/96* | 94/95
Swedish Armed Forces 72 |71 |71 |70 |78 75
Defence Material Administration 20 |19 |19 |17 |17 21
Swedish Agency for Civil Emergency Planning 2 0,2 2 2

Swedish industry 2 4 19

Others 1 8 6 2 3

*95/96 was a period of one and a half year 165 MSEK corresponds to 110 MSEK on a yearly basis

Table 4

Turnover, total employment 00 |99 |98 |97 |95/96* |94/95

MSEK total 153 | 153 [ 138 |138 |110* 106

Total 148 |143 | 151 | 136 |123 116

Earnings per employee [%] 1.03 [1.06 091 |1.01 |0.89 0.91

Table 5

Research and Development areas Revenue [%] [%] of total FOA
Swedish Armed Forces, specification see below 70,9 25,5
Sensors for Ground Surveillance and Reconnaissance 22,8 85
Underwater Sensors 2.4 11
Weapons, Effects and Protection 7,5 16
Electromagnetic Weapons and Protection 10,9 75

Guided Weapons 3,7 42

Low Observables 9,9 91
Electronic warfare 13,7 25

Table 6

Courses Participants from division Courseevaluation

Presentationtechniques

2

4.5 out of 5 points

Purchasing in theory and practice 19 3,9 out of 10 points
Projectmanagement 12 8,5 out of 10 points
Seminar “leadership for the 19 3,2 out of 5 points
Future”

A course about Environment 10 4,4 out of 5 points
for the leaders etc

A course about Environment 46 3.7 out of 5 points

for all the empoyees
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