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Abstract

Dedicated  camera  systems  for  use  in  occultation
astronomy and or  photometry need  a precise  time-
stamping facility.  For both applications instruments
with more than 8 bit intensity resolution are required.
Only,  if  occultations  by  atmosphereless  bodies  are
recorded,   analogue recording can be the matter of
choice. However, in may cases precise photometry of
the signal is important. In this report the combination
of  an  industrial  camera  with  a  special  recording
software for LINUX is described. A timing accuracy
of +/- 6 msec using a GPS receiver with 1pps facility
has  been  achieved.  The  camera  system  generates
FITS  images  with  the  appropriate  timestamp
keywords.  Such  a  camera  system,  lightweight  and
easy to mount on each telescope (small or big) is one
of a prerequisite in many PRO-AM cooperations.

1. Introduction

The history of imaging cameras for use in occultation
astronomy is  very  long.  For  a  long  time  analogue
video systems,  have  played  an important  role.  The
video signal is fed through an “time inserter”, which
directly  integrates  the  timing  information  into  the
analogue  video  stream.  The  timing  has  to  be
corrected due to the complicated signal processing of
the video camera itself, Dangl [1]. 

However,  the  linearity  can  not  always  been
guaranteed (Gamma factor!) and video systems have
only an intensity resolution of about 8 bit.  This is
well suited  for occultations of atmosphereless bodies
such  as  main  belt  asteroid  occultations  with
reasonable  bright  stars.  In  these  cases  only  an
“on/off” decision is required. If the visibility is poor
or the stellar signal is dimming gradually, 8 bits are
not sufficient, specially if brighter reference stars are
used. 

Many commercial  available cameras  on the market
fullfill  these  requirements,  but  if  we look for  their
time  stamp  precision,  it  looks  rather  poor.  Even
systems with implemented GPS have their problems.
Because  of  the  non  availability  of  OpenSource
software in most cases, the performance can only be
changed by the manufacturer.  Because of the small
number  of  systems  sold  to  observers  in  the
occultation astronomy business, their interest to do so
is rather limited.

2. Main Definitions

The following prerequisites have to be accounted for:

Light weight of the camera for mounting it at even on
small telescopes.
Minimum 12 Bit resolution
Better than 8 electrons readout noise
High quantum efficiency, peak better than 60%
Minimum 20 images per second in FITS format
Timing accuracy better than 0.03 sec
Availability of an SDK software kit for LINUX
Low price tag, presumably less than 500 Euro

3. The Camera and Software

Many  manufactures  had  been  screened.  Finally  a
small  industrial  camera  from  FLIR©  (formerly
PointGrey ©), the Chameleon3 © has been selected.
It  has a very sensitive CCD chip (Sony ICX445©)
with a maximum quantum efficiency of about 66%, a
diagonal of about 6 mm with a pixel size of 3.75 µm
x  3.75  µm.  It  has  12  bit  resolution  and  allows  a
binning  of  2x2.  Further  it  has  a  readout  noise  of
around 6 e- and can be used on an USB3 port with 30
images per second. It can be used with an image size
of 1280 x 960 px as well as with 640 x 480 px. The
last format is used for developing the software.
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The manufacturer provides an SDK [2] for LINUX
as well as a lot of testing software. Using this SDK,
an  operating  software  for  LINUX  has  been
developed.  The  software  allows  full  control  of  the
camera, displays the image and records the images in
standard FITS format. The GPS time (1pps output of
a Garmin receiver) of the NTP controlled OpenSuse
operating LINUX system is used to generate the time
stamp. 

During extensive testing the average accuracy of the
time stamp has been found to be better  than +/-  6
msec. Comparisons have been done successfully with
an  internet  NTP  time  server,  such  as
www.ptbtime1.de  generated  by  the  Physikalisch
Technische Bundesanstalt,  Braunschweig. The jitter
has been found to result from the internal firmware of
the camera itself. 

A graphical user interface with the DISLIN package
of  the  Max  Planck  Institute  for  Solar  System
Research has been used for writing the GUI [3].

4. Testing and Examples

The  camera  system  has  been  used  for  about  40
occultations,  either  occultations  by  main  belt
asteroids, lunar occultations or TNO occultations. It
has been used also for mutual events of the Jovian
satellites.  Intensive  testing  with  artificial  light
sources and timing devices have been performed to
guarantee  the  timing  capabilities  of  the  system.  In
long term tests more than 2*106 images have been
taken  to  check  the timing jitter.  The readout  noise
and other data of the camera have been monitored in
accordance to Abbott [4]. Calculations with images
were done using ESO-MIDAS [5]. 

As  an  example,  an  occultation  of  a  12m4 star  by
Triton observed with a small 11 inch telscope can be
seen in figure 1.

Figure 2 shows an photometric example of a mutual
event  of  the  Jovian  satellites  with  only  a  drop  of
0.29mag. Recorded with a 270 mm telescope.

Figure 1: Occultation of a 12m4 star by Triton,
recorded with an 11 inch telescope 

Figure 2: Mutual events of Jovian satellites, Europa
occults Io, 07/01/2015,  11 inch telescope

5. Summary

On the basis of an industrial CCD camera with 12 bit
resolution,  a  system  has  been  developed  for
occultation  astronomy  and  photometry  with
generated time stamps with an accuracy of about 6
msec. Maximum frame rate is 30 fps. It is well suited
to  be  distributed  in  the  PRO-AM  community  to
replace analogue video recording systems still in use
in many small observatories. 
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