Calibrating A Video:  Should I?
By Roger Venable
International Occultation Timing Association
Calibrating a video is a process of improving experimental data. Simply stated, it involves subtracting a darkfield from each video frame and then dividing each frame by a flatfield. The darkfield contains noise generated in the camera that affects every frame the camera records, so that subtracting it decreases the effect of the camera’s noise pattern on the image. The flatfield registers the sensitivity of each pixel, so that dividing by the flatfield yields a truer reproduction of whatever is imaged. Calibration can only be done on digitized, computer-based video.

Using the computer programs available to us now, calibration is a process with many steps that consumes a lot of time. It is much more complicated than the similar process of calibrating an image of the deep sky. You don’t want to do it if you don’t need to. So, with what video data should you do it?
Here is a light curve of an asteroidal occultation of a star, made by measuring, with the Limovie program, a video recording of the event. The blue dots are the raw, one-frame data, and the yellow dots are the 5-[image: image1.jpg]Limovie Measurem
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frame medians. The signal-to-noise ratio is excellent. It is clear that there are step events indicating that the star is double. The timing of this event is sound, and will not be improved by artifact reduction. There is no reason to calibrate this video.
The following is a light curve of another asteroidal occultation of a star. This is the raw, one-frame data.
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There appear to be step events consistent with stellar duplicity, but the signal-to-noise ratio is not so good. The partial dimming and rebrightening occurring at frames 340 and 540 are relatively subtle. Someone might challenge the assertion that the star is double, especially if another observer of the event, on a different chord, did not record a step event. What if someone were to assert that the step event seen here might be due to the star’s crossing a dust spot on your detector? If you have calibrated your video, you will be able to counter that assertion.
A low signal-to-noise ratio is the usual factor leading to a need to calibrate. Specific types of noise phenomena in time series data can be caused by artifacts of the video recording process or the processing of the video before measurement. For an occultation event with low signal-to-noise, the brightness change due to the event may be comparable to the brightness change caused by artifacts. 

Here is an actual flatfield made by stacking a video recording of the twilight sky just after a lunar grazing occultation observation. The striking feature of this flatfield is the dark spots. These are the shadows of dust specks on the acrylic surface that protects the CCD chip. The acrylic is about a millimeter thick, so the
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dust specks are a millimeter out of the focal plane, and consequently appear blurred – that is, their shadows are enlarged. This recording was at f/11. An occultation recording at lower focal ratio, such as the f/3.3 commonly employed by occultationists, will show larger spots. Despite the frequent cleaning of optics, it is reasonably likely that some pollen grains and other microscopic dust will be adhering to an optical surface at a point close enough to the focal plane to cause a detectable deficit in the operational sensitivity of the camera at that point in the field of view. 
The following is an actual light curve of an occultation miss that caused me some consternation. The event involved a star of magnitude 13.7, an asteroid of magnitude 13.6, a combined magnitude of 12.9, and a drop of 0.7 magnitudes – a very faint event. This is the recording of my south station. My north station recorded an occultation of about 9.25 seconds, and the arrows on the graph indicate the times of that event as ‘ND’ (north disappearance) and ‘NR’ (north reappearance.)  That north station event must have been nearly diametral, since the predicted maximum duration of the event was 8.8 seconds. The idea that the north station’s event is real is supported by its appropriate magnitude drop, its appropriate duration, [image: image4.jpg]Limovie Readi
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and its visibility in real time on the original video recording. Just before the time of north reappearance, this south station tracing shows a 2.5-second dimming. There are problems with interpreting this dimming as an occultation. First, the south station was a whole pathwidth south of the north station, so that no southern event could be recorded if the north station recorded a diametral occultation. Second, the magnitude drop in this tracing, as calculated by the Occular program, yields a drop of only 0.30, rather than the expected 0.7. Could this be a near-grazing occultation of the fainter component of a double star? If so, there should be some indication in the north station’s tracing that the magnitude drop is wrong, and there isn’t. Third, this south station is rather far from the predicted path, outside the one-sigma zone, so that an event was unlikely. Fourth, the dimming recorded here is not visible in real time as I watch the video. In fact, the asteroid is barely visible at all on the video, and this Limovie measurement was made on a 7-frame stacking of the video frames.
If you look back at the flatfield above, you will again notice the dust spots. The south station was recorded using the prepointed technique, in which the occultation star drifts across the field of view at the time of the event. The time it took for the star to cross a dust spot was about 2.5 seconds. This is the likely cause of the dimming. Had I prepared a darkfield and flatfield for calibration of the video, the possibility of this dimming being an occultation never would have been raised. 

It is the faintness of the star that caused the low signal-to-noise ratio that in turn allowed an artifact to resemble an occultation.
In addition to the dust, there are other, subtle irregularities of sensitivity recorded on this flatfield. For example, there is a vertical demarcation line about one sixth of the way across the field from the left edge, with brighter recording to its left and darker recording to its right. If we were recording a star using the prepointed, drift-through technique, we would see an abrupt change in the star’s apparent brightness when it crossed this vertical line. That’s exactly the type of phenomenon that might be interpreted as half of an occultation. This particular irregularity in sensitivity probably arises in the CCD chip. Applying a flatfield in the calibration routine erases the effect.
If you look carefully at the south station light curve, you will detect another type of artifact that can be interpreted as an occultation. There is a periodicity in the noise with a cycle length of just over a second! This periodicity has a few prominent excursions that cause occultation-like dimmings lasting about a second, most notably at frames 1190 and 1830. Recall that this is a stacked video, with the darkfield noise exaggerated 7-fold by the stacking. The following is an actual darkfield made at the time of the event.
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You will note that this darkfield is characterized by vertical streaks of alternating light and dark. The star traversed the field from right to left, and the stacking of frames emphasized the background noise over the signal. Calibration with a darkfield would have ameliorated this type of noise, and would have obviated the consideration of brief occultations centered on frames 1190 and 1830.
These examples illustrate the factors that might induce you to calibrate your occultation video. In summary, the factors are as follows:

1.  Dirty optics.

2.  Low signal-to-noise ratio, which can be caused by…

      a.  a faint star.

      b.  low magnitude drop.

      c.  noisy or high-gain video camera.

      d.  small telescope.

      e.  twilight.

      f.  light pollution.

3.  Stacking of faint video recordings.

We are now in a time when we are moving to smaller telescopes and higher gain cameras and fainter events, and our new ability to stack the frames of video recordings has not yet spread to every occultation observer. We are going to have an increase in the number of video artifacts that confuse us. We need to learn to calibrate our video recordings.

Ironically, calibration improves neither our atmosphere’s scintillation noise, nor the random portions of the readout noise and dark current, nor the noise caused by the limitation of brightness resolution due to the 256-place intensity scale and the use of only the lower levels of that scale. These noise effects are random or random-like, and are not helped by calibration. Together they constitute what I like to call entropic noise. Every time you manipulate a data frame with an operation using another video frame that contains entropic noise, you increase the entropic noise in the resultant frame. For example, the subtraction of the darkfield frame from a data frame yields a dark-subtracted data frame with noise equal to the square root of the sum of the squares of the noise in the two frames. Therefore, calibration of a video recording actually increases the random noise. 







Roger Venable, November 2009

