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Abstract:
At the end of 2006 the ICPH launched a research program to realize an equipment
for automatic optical capture and analysis of Luminous Phenomena in Atmosphere.
The equipment is devised for use with other instruments to gather different parameters
whithin the full range of the electromagnetic spectrum.
The instrumentation is called SOSO (Smart Optical Sensors Observatory) and is
currently used for testing purposes under the direction of Massimo Silvestri.
In this paper the Authors present the methods and materials at the root of the SOSO
project.
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INTRODUCTION
After many years of informal data collection about the Hessdalen valley, in 2000 we started the ICPH
(Italian Committee for Project Hessdalen) activity in support to the Norwegian Project Hessdalen (PH). The
committee was promoted by Renzo Cabassi, coordinator, Nico Conti, Massimo Silvestri, Roberto Labanti,
Maurizio Morini, and others.
First of all, we stressed the importance of Erling Strand and his Project Hessdalen, in particular his willingness
to use instruments to monitor the phenomenon observed during many years in the Hessdalen valley.
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At that time the research improved and received new strength with the collaboration between Østfold College
(Halden) and a team of technologists from Medicina Radio-telescopes (Medicina, Bologna, Italy), directed by
Stelio Montebugnoli.
Embla2000 was the name of the collaboration protocol between the Norwegian Østfold College and the Italian
radio-astronomy institute, at the time operating within the CNR (Consiglio Nazionale delle Ricerche, National
Research Council), now INAF (Istituto Nazionale di AstroFisica, National Institute of Astrophysics).
It was the beginning of a long term collaboration for the construction of instruments for the detection of radio
emissions - ELF, VLF, ULF (note a) -.
The collaboration protocol Embla considered also technical workgroups for students at “North Cross” radiotelescopes in Medicina and a specific section regarding the study of Luminous Phenomena in Atmosphere in
continuity with the Project-Hessdalen.
When the italo-norwegian partnership became operational with the first Embla mission, the ICPH financed part
of the equipment and the stay of Massimo Teodorani (astrophysicist, director of scientific committee for two
years).
After this first mission, ICPH has been continuously involved in the research, becoming a substantial partner of
the italian missions that we have sponsored, from 2000 to 2007, with different targets and other operational
staffs.
During this time we’ve always paid attention not only to instruments but also to occasional sightings in Hessdalen
made by local people: see for example Matteo Leone (physicist) and Flavio Gori (VLF expert) in 2002 mission.
During this period the team of Stelio Montebugnoli and Jader Monari built a series of instruments (radio receivers,
radar, portable automatic stations, etc.).
ICPH also promoted wider ground researches not immediately linked with Hessdalen phenomena, for example
the testing of EFM during the Winter Mission 2004 (under the direction of Jader Monari), as well as conferences
like the one in Cecina (Livorno, Italy) 2004, organized by Flavio Gori.
In fact, in 2006 our committee, following the suggestions of the Sturrock Panel and to establish the “state of the
art” on Hessdalen lights research (and similar phenomena), organized a Workshop (IPHW2006, International
Project Hessdalen Workshop 2006) to which participated all people involved during the last six years in the
activity of PH and ICPH.
The proceedings of IPHW2006 have been published (in english): they contain various ideas and projects to
make more fruitful this difficult research.
Now SOSO program represents the continuity and the logical follow up of the above mentioned steps.

METHODS AND RESOURCES
The main target of SOSO is to get one or more stations connected for optical monitoring, detection and record
of luminous events caused by natural phenomena like meteors, fireballs, lightnings, ball lightnings, elves and
sprites, etc.
The SOSO program represents the fulfilment of what Matteo Leone suggested in 2002 for the briefing of
Embla2002 mission (in Norway), held in Medicina on April 6th. (1)
Matteo Leone, at the time scientific director of ICPH, specified in a more detailed way the Sturrock Panel
recommendations, made at Pocantico Workshop (New York, 29 september 1997- 4 october 1997).
Pocantico was a very important occasion for international researchers to keep studying unexplained luminous
phenomena in atmosphere.
Under the direction of the astrophysicist Peter Sturrock (2), attended the Workshop also Richard Haines, Mark
Rodeghier, Jacques Vallée, Jean-Jacques Velasco, Illobrand von Ludwiger and Erling Strand.
In relation to Hessdalen phenomena the panel concluded that:
“there would be merit to designing and deploying a not-too-complicated set of instruments.
These should be operated according to a strict protocol in regions where the probability of
significant sightings appears to be reasonably high. It is recommended that, as a first step, a set
of two separate video recorders be equipped with identical wide-angle objectives and installed
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on two distant fixed tripods to help eliminate the possibility that some of the apparent motions
detected by video recorders are due to the operators’ hand movements or ground vibrations. It
would also be useful to set up two identical cameras, one of which is fitted with a grating.”
As a first step the same Sturrock Panel proposed using video-cameras and cameras and suggested the
automation of the entire system in a permanent surveillance net.
Those points were underlined by M. Leone also in a recent work on Journal of Scientific Exploration
(2006) (3).
The video-cameras currently used by ICPH for the SOSO project are one Mintron MTV-12V1C-EX, two
Imaging Source DMK 31AF03.AS, and one Watec 902H3. These video-cameras are all in Black & White,
as B&W CCDs have such a sensibility (higher than colors ones) that they are optimal for SOSO targets.
Also, we have at the moment 3 Tamron Autoiris 1/3" lenses (focal length from 2.8 to 12 mm) (f= 1/1.2) and
a manual Computar lens 1/2"( 6 mm focal length, f= 1/1.2) that can be used with these video-cameras.

MINTRON MTV-12V1C-EX VIDEO-CAMERAS (http://www.mintron.com/)
This video-camera is on the market from many years and conquered the heart of most astronomy amateurs
and meteors hunters for its optimal specifications, and more specifically its sensibility that allows to operate at 0.0005 Lux (Star Light Mode, integration of 128 frame). Mintron works with a Sony Exview ICX429ALL (HAD) CCD, maximum physical resolution is 795x596 pixels, real 768x596 pixels based on
CCIR/PAL standard. Chip dimensions are 6.9x5.0 mm (with 8.6x8.3 m pixels).
When connected to the electronic control board panel of the video-camera, it could control both manually
and automatically the gain (ACG) to a maximum of 18 dB at an exposure time from 1/50 to 1/20000 s., and
integrate by software from 2 to 128 frames raising an exposure time on a single image of 2.56 seconds
(128*1/50), with a final sensibility of 500 µLux.
Anyway this good quality sensor shows the inconvenient of a certain hot-pixels number already present in
the dark-frame taken in normal conditions, ACG in automatic mode (with the possibility to raise a maximum
gain of 18 dB) and a maximum exposure time for Mintron at 1/50 s., without any hardware integration on.
With this setting the frame produced “in complete darkness” (dark-frame) shows specifications that allows,
with the software we have at the moment, an optimal working method without false alarms.
The situation is worse when you try to use an hardware integration from the video-camera circuits.
A sensible decrease of dark-frame quality is shown with the increase of integrated frames and give
continuously false alarms from the Motion software we use.
Finally the integration of more frames, to increase the already high sensibility of the video-camera, is an
illogical choice because doesn’t allow the software to work in its optimal way, and also to catch quick
events that could happen in a time window covered by a single 1/50 s. frame, like in the case of Sprites and
Elves (lightnings at high atmosphere level).
In the back of the video-camera you can find a 12V. alimentation plug, a video composite exit 1 Vpp over
75 with a BNC connector, a Y/C (S-VHS) video exit and a number of buttons to set up the different videocamera parameters.
On one side of the video-camera you can find a connection for the DC-Iris lenses.

Fig. 1: Mintron video-camera
dark-frame obtained in complete darkness, ACG in
automatic mode (+ 18dB), 1/
50 s., excluding the hardware
integration.

3

Fig 2: Mintron dark-frame
obtained
in the same
conditions as Fig. 1,
but with hot-pixels marked by
the means of UfocapturePro
software.

WATEC 90H3 SUPREME (http://www.watec.co.jp/english/index.html)
This B&W video-camera is a very good one, with compact size and a Sony EXview 1/3" sensor (the model
902H2 Supreme has similar specifications and has a 1/2" sensor).
Watec has 795x596 total number of pixels, 752x582 really in use based on CCIR/PAL standard.
The pixels dimensions are 6.50_m(H) x 6.25_m(V).
This video-camera shows a maximum sensibility of 0.0005 Lux at f=1.4 with ACG high (maximum gain
inserted). The model 902H2 Supreme with a 1/2" has a sensibility of 0.0003 Lux at f=1.4.
The exposure times start from 1/50 to 1/100000 of second.
The Watec doesn’t have the option for acquisition and integration of frames, and has an internal selector that
allows to set the gain on only two (2) levels : LOw (5-32dB) and HIgh (5-50dB).
You can find the selector inside the video-camera removing carefully his cover and showing the electronic
printed control-panel. The manufacturer supply it on the HI position.
On the back of Watec there is a selector for 12V alimentation, one video exit 1Vpp 75 with BNC connector
and a three (3) positions selector to select the exposure mode (auto, flicker-less 1/12, off 1/50).
Watec is a very good quality video-camera that could be used in different situations (video surveillance,
robotic, etc.) but it doesn’t work perfectly in meteor detection, because in a low luminosity situation, the
high amplification of its video-signal (both HI and LO modes) shows extremely noisy frames, causing
continuously false alarms.
We have this situation because we can’t fine-tune the video-camera gain level, and in this condition the
image presents the typical snow effect.
If anyway you want to improve the frames quality lowering the noise you get from excessive amplification,
you could try with a solution we found on internet (with some risk of breaking the instrument in the worst
case scenario).
In this case we must try to fine-tune the video-camera gain at hardware level, lowering it at the optimal
values for our target.
We can find the exact and optimal amplification level using the same motion detection software applied for
meteor hunting and we obtain an amplification rate that doesn’t present recurrent false alarms (useless to say
that this solution may cause damages to the instrument and makes the warranty invalid).

Fig. 3: Watec 902H3 Supreme
dark-frame. The extreme videocamera gain, that make it very
good for video surveillance, in
scarcely illuminated areas,
doesn’t allow it to be use for
bolides hunting or luminous
random events.
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IMAGING SOURCE DMK 31AF03
(http://www.theimagingsource.com/en/products/ and http://otticasanmarco.it -sponsor-)
DMK 31AF03 is a B&W video-camera manufactured by Imaging Source, usually it’s used as a recorder of
astronomic images or movies.
It has a Sony icx204al 1/3" CCD, with a total number of 1077 (H)x788(V) pixels: effectively used 1024x768.
The chip dimension is 5.80mm(H)x 4.92mm(V) and the resulting pixel dimension is 4.65_m(V). The
maximum sensibility is 0.5 Lux with 1/15 s. exposure and gain at 20dB.
It is a video-camera fire-wire (IEEE1394) operating with a DCAM/IIDC protocol.
An external alimentation is not necessary because could be supplied with a 6pin fire-wire cable.
DMK 31AF03 works with a video format wider than standard video-cameras with an analogical exit as seen
before: 1024x768 pixels with the option to adjust the speed diaphragm in automatic and in manual mode
from 1/10000 to 30 seconds.
This kind of performances allowed an astronomical use for planetary or deep sky video sequences.
At the moment we are writing we didn’t succeed in testing this video-camera with one of the softwares taken
in consideration (UFOCapture and Motion) because the output video format doesn’t correspond to the format
required by the softwares.
Even if UFOCapture accepts fire-wire signals in input, it only supports IEEE1394 (DV) protocol (the one of
standard domestic video-cameras) with a maximum video format of 720x576.
Anyway we are trying to work using DMK 31AF03 with Motion (by Linux). This software works properly
with analogical video-cameras, whose specifications integrates V4L (Video for Linux) directives and in
some network video-cameras. It could accept in input the IEEE1394 video signal, with DCAM/IIDC protocol,
using Coriander, a software (in Linux system) that converts native video-camera format to V4L’s one.
An other possibility is using this video-camera with a different software like Unicap, which is open-source.
This software can work with both analogical video-cameras and also IEEE1394 DCAM/IIDC.
This new choice looks very promising, and we will see if, in this way, results will be as good as expected.
During the tests conducted at the GAP (Gruppo Astrofili Persicetani) Planetarium in San Giovanni in Persiceto
(Bologna) (4) , the video-camera Imaging Source, interfaced with his own proprietary software (IC Capture),
proved to be competitive with the others, even though with a lower sensibility.
We intend to use those video-cameras (that can be used as normal cameras as well) to realize fast sequences
of pictures of events captured by the other analogical video-cameras we have (that are easier to interface
with motion detection software).

Fig. 4: DMK 31AF03
dark-frame

VIDEO ANALYSIS SOFTWARES (MD-MOTION DETECTION)
Metrec (5) is one of the main softwares made to capture transient meteoric events.
Wrote in C by the german software maker and astronomy amateur Sirko Molau, it runs on DOS 6.1, and is
based on MIL (Matrox Imaging Library) for video development and analysis realised by the well known
software house MIL.
Without going in deeper details about the functions of this software, we must stress that, since Metrec works
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correctly only when interfaced with a Meteor Matrox device for the acquisition of images, we had to use
other softwares together with analogical video grabbers.

UFOCAPTURE (WINDOWS XP) (6)
Despite the exotic and evocative name, this software is really good and with several characteristics very
interesting for our purpose.
First of all, UFOCapture can interface with and manage a lot of analogical video-grabber drivers as PCI or
USB.
In input it accepts either NTSC or PAL standards and works with signals video-composted and S-video.
Finally it can interface different types of video-cameras: IEEE1394(DV) or models with USB exit.
To make more complete this software, the author has realised UFOAnalyzer and UFOOrbit. Analyzer allows
direction and elevation calculations for the video-recorded event, and Orbit trace the orbital movement in
case the video-recorded event is a fireball (using data coming from different monitoring stations).
UFOCapture allows a fine tuning of the whole motion detection system through the calibration of a number
of parameters.
This gives us a video-detection system extremely performing and adjustable to different video-cameras and
different operational contexts.
One negative side of UFOCapture (as you can see in the user’s manual) is the excessive need of computational
resources.
The export of the video sequence in mpeg format, the use of video-cameras fire-wire, and some other
settings require a personal computer of last generation (P4 HT) or, even better, a dual core, with high capacity
hard disks, high access speed (Serial ATA), and finally at least 512 Mb RAM (even though 1024 Mb would
be better).
We know that the current hardware costs are notably decreased, but it would have been better for our purposes
to use somewhat older computers with still acceptable performances (as we could do with MetRec, which
runs also on DOS 6.0).
However, we must remember that UFOCapture has the possibility of using a small FTP server, protected by
passwords, to store part of the collected data made during the sighting sessions.

MOTION (by LINUX) (7)
Several motion-detection softwares have been developed for Linux, especially for video-surveillance and
capture of atmospheric events; one of those softwares is Motion, and it’s still on testing within the SOSO
project.
The software has been written (in C) by Kenneth J. Lavrsen and it has been improved over time by several
programmers of the Open Source world. Motion had been enhanced with many features, that make it very
flexible for different uses; hopefully, among them also the capture of transient phenomena in atmosphere.
Only upon completion of the tests currently under way we will be able to say if Motion by Linux could work
as well as UfoCapture, designed specifically for this purpose (even though it could work as well in other
video-surveillance environments) and currently used in many observatories with really good results.
Our intention to use Motion for SOSO project depends on the following reasons.
Motion’s interface is the command line, so once you have ran the initialization script, the software will work
in background without consuming much resources, as it doesn’t need any graphical interface. You can use a
relatively old computer hardware.
Motion can control many video-cameras at one time, while usually there is a one-to-one relationship.
Of course the software’s source files are available, so that if we will need any new function, we could
modify the source files and re-compile the software (complying with the simple license rules).
Within Motion there is a small web server that allows to observe the video-camera images in real-time (rt)
through a normal browser, and make it available on the net (streaming video).
It’s also possible to change remotely, using a password, Motion’s parameters.
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Moreover, you can create automatic routines when an alarm is raised, because Motion allows the execution
of scripts and commands to activate other instruments and manage other events.
Motion also increases the possibility to track the framed objects and manage these trackers in pan/tilt where
you can install other instruments for a closer recording.
Last but not least, as most of Open Source softwares, the use is completely free.

TESTS
During the first series of tests, for the aforementioned reasons, we used only the Mintron video-camera
equipped with Computar manual lens 1/2" with 6mm focal length and f:1/1.2.
The hardware in use was a P4 processor at 3.0 Ghz, 512 mb ram, 200 HD Giga (serial ATA) and an acquisition
panel board AverMedia TVCapture 98 with Bt878 chip.
A sighting session was performed on the terrace of M. Silvestri’s house, coupling Mintron with Motion. The
results were interesting and highlighted that Motion, even though it’s a video-surveillance software not
really oriented to capture atmospheric events, with the appropriate settings could give appreciable results
(even if a lot remains to do).
During these tests M. Silvestri verified the possibility to mask some frame areas, source of possible false
alarms (aerials, or tops of trees moved by the wind) using specific images processed by the software.
The tests showed that Motion is able to detect and record (in mpeg4 and jpeg formats) the movement of
birds and airplanes involving a few pixels in the image.

PLANETARIUM TESTS (SAN GIOVANNI IN PERSICETO, BOLOGNA, ITALY)
The video-camera Mintron coupled with UFOCapture had been tested to the planetarium of San Giovanni in
Persiceto, a structure realized by the Gruppo Astrofili Persicetani.
The planetarium has a projector made by “Costruzioni Ottiche Zen” (Venice), able to display 1500 “stars”
in a polystyrene cupola of 9.1 meters of diameter.
The test was done simulating the vault of heaven and creating random luminous events with a laser beam.
The tests confirmed the validity of UFOCapture, which was able to detect the point generated by the laser.
Both slow and quick movements generated by the laser were detected and recorded as video sequences for
post-elaboration.

Fig. 5: the event recorded by Motion represents a variation of a small
number of pixels compared to the previous frame; this switches on the
recording of a video sequence
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Picture 6: Image done with UFOCapture where in red are highlighted
the pixels that changed activating the video-recording (in avi format).
In blue are marked the hot pixels due to “stars” in the field of view (FOV),
that will be used by UFOAnalyzer to get the trajectory data of the luminous
event.

UFOcapture creates for each alarm at least four (4) files:
a) The full video sequence in various formats (suggested avi),
b) File in bmp and jpg formats with different information for each colour.
In red are highlighted the pixels that changed activating the video-recording.
In blue are highlighted the hot pixels and the stars used for post-elaboration as reference points for
trajectory calculation.
c) File in bmp and jpeg format in B&W, where are recorded all brightness peaks of the full video
sequence. We will then have a monochromatic image with hot pixels, stars and the event’s trajectory.
d) File in xml format containing the basic data for post-elaboration, to be processed by UFOAnalyzer.

CONCLUSIONS AND FUTURE DEVELOPMENTS
On mid-April (2007) we started the SOSO tests in the White-Box (Idice, Bologna, Italy).
The first tests showed that Mintron coupled with Motion by Linux is a valid choice and the video-camera
sensibility allows the detection and the recording of stars and airplanes with very low luminosity.
To better evaluate the real performances (in terms of limit magnitude detection) we need to install the
definitive lens for SOSO: an aspheric 6mm focal length lens at f:0.8.
With this optical configuration the results in term of magnitude detection will certainly improve.
At the moment, in addition to the testing of new software settings and the correspondent results, the biggest
effort is focused on the problems raised by a stand-alone system installed in a location without the constant
presence of an operator.
We are also working to an efficient and safe system of remote control via internet to manage the software,
settings, upgrades, etc.
Also, problems like dust or rain drops on the lens, caused by unfavourable weather conditions, or the reduction
of the temperature reached inside the video-camera cover, have to be solved to make the sighting station
fully automatic. This situation creates some delay in the development of SOSO instrumentation.
To conclude, the main way for the realisation of SOSO is to use of B&W video-camera at high sensibility
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(Mintron, Watec, etc.) to detect Hessdalen-like phenomena.
When an alarm is activated, the Motion software will track the phenomenon and will switch on different
high resolution video-cameras (Imaging Source) to record images of the luminous events, or to make
spectrometric and photometric analyses of the target using specific filters (diffraction, polarization).
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NOTE
a) Extremely Low Frequency (ELF) Frequency: 3 Hz to 30 Hz Wavelength: 100 000 km to 10 000 km
Ultra Low Frequency (ULF) Cycles per second: 300 Hz to 3000 Hz Wavelength: 1000 km to 100 km
Very Low Frequency (VLF) Cycles per second:3 kHz to 30 kHz Wavelength: 100 km to 10 km
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SOSO WHITEBOX http://www.ciph-soso.net
LAT. 44° 27' 18,19" N - LONG. 11° 26' 52,12" E - ALTITUDE 65 M ASL
THE VIDEO CAMERA IS CURRENTLY WORKING
FROM 08.30 PM TO 05.00 AM CEST
(EXCEPT FOR EXTRAORDINARY MAINTENANCE PERIODS)
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