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Abstract 
A scanning device based on changes in the 

reflections of an electromagnetic wave for use on wood 
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1 Introduction 
The images shown and discussed at this meeting, as 

on most other symposia of this kind, usually have been 
obtained in the image or focal plane. Interferometers on 
the other hand sample data directly as the complex 
voltage of the wave front in the aperture plane. Such 
sampling has the advantages that the imaging optics can 
be focused and directed along various optical axes in a 
computer. Further advantage with interferometer tech-
niques is that three dimensional images can be made if 
the phase centre of the radiation can be reached in all 
three dimensions. 

2 Interferometer Technique 
The basic of interferometry is the measurement of 

the coherence functions of the received wave 
electromagnetic wave. The coherence function is at least 
three dimensional, with two dimensions in the aperture 
plane, the spatial coherence, and the third dimension 
being the delay, the time coherence. Further dimensions 
are polarization [1,2] and frequency dependence, e.g. 
imaging in spectral lines of molecular species. 

The coherence function may be written in the form 
of the van Cittert-Zernike theorem [3]:
   ∫∫∫ ++−= dudvdwewvuVzyxB wzvyuxj )(2),,(),,( π

where u,v are the positions in the three dimensional 
aperture plane in number of wavelengths, w is the 
frequency band, and x,y are the positions in the image 
plane in linear coordinates normalized with the distance 
between the aperture and the source, and z is the delay. 
In astronomy the x,y coordinates reduce to angular 
distances from the optical axis. V(u,v,w) is the complex 
voltages, or visibilities, measured by the interferometer, 
and B(x,y,z) is the actual brightness distribution within 
the source. 

In astronomy, the time coherence function is not 
accessible since the source of radiation cannot be 
reached in any other, reference way, and the relation 
above reduces to the spatial coherence function. In 
computer tomographyand in radar, the spatial coherence 
is usually not measured and the relation reduces to the 
time coherence function. If a number of time coherences 

are measured from different aspect angles, then a cut of 
the image can be calculated. 

3 Radio astronomy 
Interferometry has been used for imaging in radio 

astronomy for nearly 50 years. The original discovery of 
its use can be traced back to 1948 [4] when it was 
discovered that the strong radio source Cygnus A 
showed interferometer fringes in a single antenna on the 
cliffs overlooking the ocean outside Sydney Australia. 
The fringes were the results of interference between the 
radio wave going directly into the antenna and the wave 
reflected in the water below and into the antenna.  

Since then radio astronomy has developed elaborate 
techniques for interferometry. Data are sampled at sites 
distanced from 100 m to 5000 km from each other and 
then brought together to a special processor unit. The 
data are then delayed so that the optical axis of the 
interferometer is pointing towards the radio source, and 
each combination of element, or antenna, pairs is cross 
correlated. Thereafter a focused image is calculated 
using a calibration technique where the phase fluctuation 
of the atmosphere is reduced. With radio interferometers 
it is therefore possible to make images which are 
completely diffraction limited in resolution. The 
resolution can be chosen to fit the physics one wants to 
study and range from 10-100 arcseconds for connected 
element interferometers to 50 microarcseconds at high 
frequencies and long baselines. Figure 1 below [5] 
shows a composite of images of the quasar 3C446 
obtained with a variety of interferometers. The square in 
each image represents the full extent of the next image in 
the composite, showing the potential of interferometer 
techniques in range of resolution. 

 
Figure 1: A composite of images of the quasar 3C446 obtained with 
the VLA (top right), MERLIN (top left), cm VLBI (low left), and 
mm VLBI (low right). 



Very Long Baseline Interferometers 
In Very Long Baseline Interferometry (VLBI) the 

elements are scattered over the world to synthesize an 
instrument which is equivalent to a radio telescope with 
the size of the globe. This is a very powerful tool for 
imaging and images with resolution better than 50 
microarcseconds have been made [6]. Figure 2 below 
shows a composite of images obtained at 6 cm [7] and 3 
mm [8] (insert) wavelengths of the quasar 3C273. The 
distinct “jet”-like feature and its curvature is typical for 
these type of cosmic radio sources and represents a 
power generator of som 1042 W [9]. These machines are 
the most powerful in the universe and VLBI is the only 
instrument capable of making direct images of the 
closein parts of these. 

 
Figure 2: An overview of the complete cutting process with 
optimization 

Measurements with a VLBI instrument has some 
very specific problems attached. The signals are 
recorded on magnetic tape at each site and with different 
frquency standards with extremely high accuracy. The 
tapes then has to be played back with exact, to the 
nanosecond, timing. The delay has to be calculated with 
the same accuracy, taken into account the geometrical 
position on the earth geode at the time of observations. 
The exact position of the pole axis as well as the nutation 
local offsets of the phase centre of the individual 
antennaes and earth tides and ocean loading. The 
frequencies on the sky are also different at different 
locations since the individual sits will have different 
velocities relative the source due to earth rotation. When 
all this is done, the phase has to be corrected for 
atmospheric fluctuations, at low frequencies caused by 
the ionosphere, and at high freuqncies caused by the 
troposphere. VLBI is now 30 years old and is a mature 
and interesting technique, still in the forefront of 
technology. 

Wide Field Imaging  
The field of view of a radio interferometer is limited 

by that the data are averaged over a certain integration 
time and frequency range. This results in a smearing of 
the interferometer pattern in the aperture plane. We have 
developed new techniques [10] to solve these problems 
and make images of very large fields at very high 
resolution. The data are saved in a numver of adjacent 
frequency channels at very high data rate. Thereafter the  
phase is rotated so that a compact reference source is 
centred in the field and then integrated in time and 
frequency to smear out the response from other sources 
nearby. The interferometer is then phased up and 
focused on the reference source by solving for element 
dependent phase offsets. The solution is then applied to 
all frequency channels and interpolated into smaller bins 
of time. Thereafter the data can be phaserotated to 
various positions on the sky, limited only by the window 
set by the largest telescope in the interferometer array. 
Figure 3 below shows a composite image of such a wide 
field mapping technique. The very large radio galaxy 
source Cygnus A [11] is here shown at very fine details 
over its full extent. Note that the wisps seen at high 
resolution conindcide with the outer edges of the radio 
lobes. These are believed to be the outer parts of a 
plasma flow which starts at the central core of the active 
galaxy and ends where it at this time hits and interact 
with the galactic cluster medium. The resolution of the 
MERLIN map is 10 milliarcseconds and the full image 
covers 6 arcminutes in size. 

 

 
Figure 3: A composite image of the giant radio source Cygnus A 
observed with wide field mapping technique using MERLIN at 6 
cm. The MERLIN images are shown as contours inserted into a 
grey scale image of the same source made with the VLA at 5 times 
the resolution. 

This and similar techniques has also been used to 
phase reference images so that the position on the sky of 
nearby quasars can be estimated to very high accuracy 
[12]. This is of particular interest to cosmology where 
motions of quasars over the  universe and motions of 
galaxies within a galactic cluster are fundamental to our 
understanding of the history and future of the universe. 



Mosaic Imaging  
A problem with interferometers is that they are only 

sensitive to structures smaller than the reciprocal of the 
shortest spacing. Larger scale structures are therefore 
resolved and not seen with an interferometer. Also the 
field of view of the interferometer is usually limited by 
the size of its elements and a number of individual maps 
has to be combined to cover a larger size area. This has 
been solved by us in collaboration with Caltech [14] 
where the interferometer data from the Owens Valley 
Interferometer was combined with a map obtained with 
the 20m antenna at the Onsala Space Observatory. The 
interferometer supplied the resolution, while the single 
dish map was used as zero spacing flux to make a 
mosaic of images from the interferometer. A 3.5 
arcminutes image of the Orion Molecular Ridge was 
observed in the CS J=2-1 line with a resolution of 7.5 
arcesconds. The resulting images included all of the flux 
of the source and had position accuracy of 1-2 
arceseconds on the small scale structure. It is likely that 
the condensations, with the included section of the ridge, 
seen in the image in Figure 4 below, form, together with 
the included section of the ridge, a gravitationally bound 
subunit of the Orion Cloud. 

 
Figure 4: Mosaic image of the Orion Molecular Ridge. 

4 Spectral Line Imaging 
Each molecular specie has its own fingerprint in the 

form of a spectrum of lines, in the radio region 
predominantly determined by the quantified transitions 
between vibrational- and/or rotational energy states.  
With an interferometer it is therefore possible to make 
images of the brightness distribution in three dimensions 
where the third dimension represents the radial velocity. 

 
Figure 5: Mosaic interferometric images showing four velocity fiels 
of the molecule CS in the Orion Molecular Ridge. 

Figure 5 above shows images for four velocity fields of 
the molecular cloud in Orion obtained with the Owens 
Valley Interferometer [15]. If this is possible then it 
should also be possible to make similar images of gas 
flows on earth? We have shown [16] that spectral line 
data measured through the ceramic wall of a chimney 
can be used to calculate the molecular densities as well 
as the gas temperature. Figure 6 below shows molecular 
spectral lines observed from an oil burner within a 
chimney at MEFOS Luleå. We are progressing with the 
industrial project to measure such parameters in real time 
in an industrial process.  

 
Figure 6: Example of a radiospectrum over the range 21.5-30 GHz 
(upper) and 30-40 GHz (lower). This spectrum was obtained from 
gas flowing inside a chimney through the ceramic wall. 

5 Radar Imaging 

 
Figure 7: A ground radar image showing a cross cut of a wall of 
the monastery beneath the Lilla Torg in Halmstad. 

In astronomy the radio signal is emitted by a quasar 
at large distance it is not possible to measure the phase 
fluctuation of the electromagnetic field over time with 
help of a separate refence signal. With radar, however, 
the signal is generated by a transmitter and received as a 
signal reflected where the index of refraction changes 
within the material. The actual phase of the reflected 
signal can therefore be referenced to the transmitted 
signal with a cross correlation over delay and the time 
coherence function of the field can be measured. Radar 
can therefore be used to measure also the third, delay 
dimension of the van Cittert-Zernike equation and three 



dimensional images can be made. We are developing 
such techniques for a nmuber of various applications. 
One such application is ground penetrating radar, used to 
image cultural artifacts hidden below ground. Figure 7 
above shows a cut over a wall of the monastery hidden 
below the ground at Lilla Torg in Halmstad. The two 
reflections between scans 15 and 20 are the two stone 
walls which constitute the inner and outer parts of a wall. 
We are pursuing this development into full three dimen-
sional imaging of this and other archeological artifacts 
and mine fields. 

The major part of our radar imaging project is 
measurements of slag and metal levels in metal, iron, 
and steel industries. We are here continuosly measuring 
levels at a electric arc furnace at DDS Denmark and are 
developing three dimensional slag measurments together 
with British Steel at Teesside UK. Other such develop-
ments include measurements of multiple coke and pellets 
levels in a blast furnace and tomographic cuts of 
hardwwod logs as discussed by Anders Kaestner at this 
symposium. 

6 Gas Dynamic Imaging 

 
Figure 8: The gas flow from a flute whan playing tone F (left) and 
G (right). 
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